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ABSTRACT

This paper is aimed at providing an insight to help manufacturing managers
determine implementation areas where RFID can have the greatest impact on inventory
management in lean manufacturing settings. The study investigates the implementation
of RFID technology in seven sectors of U.S. manufacturing industries. The study
specifically focuses on how RFID can help identify, reduce, and eliminate the seven
common types of waste identified by Taiichi Ohno. All questions are related to one of the
following lean manufacturing wastes: overproduction, waiting time, inefficient
transportation, inappropriate processing, unnecessary inventory, unnecessary motion, and
rejects & defects. Data collected through the use of a survey. The respondents were
asked to rate their level of agreement using the five-point Likert scale. Results show that
the adoption of RFID technology can significantly reduce seven types of wastes except
“inappropriate processing”. It also indicates that RFID technology can significantly
reduce ‘defects’ not by knowing finished goods/raw material expiry dates or implement
suitable protocol, but by identifying non-conforming material and thus reducing the
overall inventory.

Keywords: RFID technology, Lean manufacturing, Waste reduction, Inventory
management.
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INTRODUCTION

Many manufacturing companies are turning towards lean manufacturing to cut costs
and increase profits. In implementing this philosophy, it is essential that lean benefits are
measured in order to benchmark savings. Radio Frequency Identification (RFID)
technology is suggested as a means to speed up this measurement process (Dunlop,
2007). Research that conjoins RFID technology and item-level inventory management on
the shop floor is at a preliminary stage, only inferring benefits upon application (Saygin
& Sarangapani, 2006; Saygin, Sarangapani, & Grasman, 2007). The application of RFID
technology is widened into the process improvement field through its innovative
implementation (Dunlop & Fitzgerald, 2007). Inventory continues to have important
impact on companies across different manufacturing industries. It is important to identify
where RFID technology can be implemented to help manage inventory more effectively
and add more value.

The remainder of this paper is organized as five sections: In the first section, we
present a brief literature review which includes background about RFID technology, lean
manufacturing & waste reduction, and manufacturing inventory management. In the
second section, we discuss research model which includes research question and
hypothesis. In the third section, we describe research methodology which includes
sampling and data collection, instrument design, and variable measurement. In the fourth
section, results and discussions are presented. Finally, conclusions including summary
and future work are given in the last section.

LITERATURE REVIEW

RFID Technology

Implementing RFID applications on a large scale started back in 2003, when Wal-
Mart first announced that its suppliers would have to tag crates and pallets. At the time,
Wal-Mart mandated that its top 100 suppliers would have to complete the move by
January 2005 (Gaudin, 2008). Initially, Wal-Mart estimated the following savings: (a)
$6.7 Billion in reduced labor costs (no bar-code scanning required), (b) $600 Million in
out-of-stock supply chain cost reduction, (c) $575 Million in theft reduction, (d) $300
Million in improved tracking through warehousing and distribution centers, and (e) $180
Million in reduced inventory holding and carrying costs (Asif & Mandviwalla, 2005).
The momentum of RFID is growing. RFID systems are being implemented throughout a
surprisingly wide variety of industry sectors (Saygin, Sarangapani, & Grasman, 2007).
This include aerospace, defense, consumer packed goods (CPG), healthcare, logistics,
manufacturing, pharma, retails, and library. Fundamentally, RFID systems consist of
three components: an electronic tag to identify each item, a tag reader, and a computer
system (middleware) that translates and integrates data for enterprise applications
(Stambaugh and Carpenter, 2009).
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Lean Manufacturing and Waste Reduction

Russell (2009) stated that the term lean “refers to using less of everything during
production — less labor, less manufacturing space, less equipment, less inventory, and less
engineering inputs during development and processing — all of which results in fewer
defects and more variety” (p. 721). Spencer and Plenert (2007) defined lean as a
systematic approach to identifying and eliminating non-value-added activities through
continuous improvement by flowing the product at the pull of the customer in pursuit of
perfection (p. 34). To get lean, companies need to fully understand where they want to go
and how they want to get there (Cohen, Hasan, Stonich, & Waco, 2009). Womack and
Jones (1996) summarized lean thinking in five principles. To successfully adopt and
continuously sustain lean philosophies, companies need to follow these five principles:
(1) identify value; (2) map the value stream; (3) create flow; (4) establish pull; and (5)
seek perfection. Taiichi Ohno initially identified seven types of wastes associated with
manufacturing process. These are: (1) overproduction; (2) waiting (human or machine);
(3) transportation; (4) over-processing; (5) inventory or work in process; (6) motion; (7)
rework; and (8) un-utilized people (Adams, 2006).

Taiichi Ohno saw overproduction as the root of all manufacturing waste. Waiting
waste also occurs when a worker waits for material to be delivered or for a line stoppage
to be cleared, or when employees stand around waiting for a machine to process a part
(Dennis, 2007). Over-processing waste is the extra effort that adds no value to the
product from the customer’s point of view (Alukal, 2003). Unnecessary transporting
waste occurs when supplies, materials, WIP, and raw materials inventory are scattered
across a plant (Rizzo, 2009). Unnecessary inventory refers to any supply in excess of a
one-piece flow through the manufacturing process, whether it is raw materials, work in
process or finished goods (Alukal, 2003). Examples of unnecessary motion include time
spent searching for and retrieving tools and materials, poor process layout (Rizzo, 2009).
The waste of defects includes the cost of time and raw materials spent manufacturing
unacceptable product (Rizzo, 2009).

Manufacturing Inventory Management

Inventory has been defined as the stockpiles of raw materials, supplies, components,
work in progress, and finished goods that appear at numerous points throughout the
firm’s production and logistics channels (Ballou, 2004). It is important to have the
sufficient stock when needed — the stock should not be too much or too little. Effective
inventory management is to have the necessary inventory items at the right time, at the
right amount, and at the right place (Saygin, Sarangapani, & Grasman, 2007). Frazelle
(2002) indicated that businesses can improve inventory management through one or more
of these five approaches: improve forecast accuracy; reduce cycle times; lower purchase
order/setup costs; improve inventory visibility; and lower inventory carrying costs. This
study explores where RFID technology can be used to help improve inventory
management.
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The Five Key Lean Principles

To get lean, companies need to fully understand where they want to go and how they
want to get there (Cohen, Hasan, Stonich, & Waco, 2009). Womack and Jones (1996)
summarized lean thinking in five principles. To successfully adopt and continuously
sustain lean philosophies, companies need to follow these five principles: (1) identify
value, (2) map the value stream, (3) create flow, (4) establish pull, and (5) seek
perfection.

Principle one: Identify value. The customer defines value in a lean thinking system.
Product design objectives are identified though the definition of value. Value may
include reliability, maintainability, availability, multiple functions, and attractive styling
(Dettmer, 2001). “Value is expressed in terms of how the specific product meets the
customer’s needs, at a specific price, at a specific time” (Nave, 2002, p. 75).

Principle two: Map the value stream. After value is identified, activities that
involve fulfilling value are identified. The sequence of these activities is called the value
stream (Nave, 2002). In this step, the product is required to go through three critical
management tasks: problem solving, information management, and physical information
(Dettmer, 2001).

Principle three: Create flow. “Flow is the uninterrupted movement of product or
service through the system to the customer” (Nave, 2002, p. 75). The objective of lean
system is to make work valued by the customer move through the system quickly and
smoothly (Dettmer, 2001).

Principle four: Establish pull. Womack and Jones (1996) defined Pull as “a
manufacturing philosophy based on synchronizing production objectives and rates with
actual customer demand, rather than on forecasts or arbitrary finished inventory levels”
(Dettmer, 2001, p. 9). Through pull philosophy, the company should provide the product
or service only when the customer needs it - not before, not after (Nave, 2002).

Principle five: Seek perfection. This is a constant effort attempting to: remove non-
value adding activities, improve flow, and satisfy customer delivery needs (Nave, 2002).
Womack and Jones (1996) stated that lean thinking has no end to the process of reducing
effort, time space, cost, and mistakes, while offering products that continually approach
exactly what customers want (Dettmer, 2001, p. 9).

RESEARCH MODEL

This study investigates the perceptions of the selected respondents about the impact of
RFID technology implementation on manufacturing waste reduction when used in
inventory management. The proposed research model is illustrated on Figure 1 on the
next page.

The proposed research mode hypothesizes that the seven types of manufacturing
waste (overproduction; waiting time; inefficient transportation; inappropriate processing;
unnecessary inventory; unnecessary motion; and rework/defects) affected by RFID
technology implementation.
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Research Question and Hypotheses

It is unclear how and where RFID technology can be implemented within manufacturing
to help identify, reduce, and ultimately eliminate the seven types of waste defined by
Taiichi Ohno in the Toyota production system. This research study focused on answering
the following research question: Where does RFID technology have the potential of
identifying, reducing, and eliminating the seven types of waste in lean manufacturing?
To answer this research question, we have designed the following hypotheses:

H1:

H2:

There is a significant relationship between overproduction waste reduction and
the adoption of RFID technology in inventory management.
There is a significant relationship between waiting time reduction and the
adoption of RFID technology in inventory management.

Figure 1: Research Model
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H3: There is a significant relationship between transportation inefficient reduction
and the adoption of RFID technology in inventory management.

H4: There is a significant relationship between inappropriate processing waste
reduction and the adoption of RFID technology by knowing which raw material
is suitable for which processing.

H5: There is a significant relationship between unnecessary inventory waste
reduction and the adoption of RFID technology in inventory management.

H6: There is a significant relationship between over-processing waste reduction and
the adoption of RFID technology in inventory management.

H7: There is a significant relationship between unnecessary motion waste reduction
and the adoption of RFID technology in inventory management.

H8: There is a significant relationship between defect waste reduction and the
adoption of RFID technology by identifying non-conforming material in
reducing the overall inventory requirement.

H9: There is a significant relationship between defect waste reduction and the
adoption of RFID technology by knowing finished goods/raw material expiry
dates and implement suitable protocols.

RESEARCH METHODOLOGY

Sampling and Data Collection

The population for this research included leaders working in the US manufacturing
industry with knowledge of lean manufacturing and RFID technology. Those leaders
have executive job titles that included management, president, owner, V.P, supervisor,
senior, director, leader, executive, CEO, chief, chairman and industrial job titles that
include (operations, production, plant, quality, and maintenance). In addition, job
functions included were manufacturing production, corporate executive, manufacturing
engineering, product design, quality management, and control engineering. This
population includes industries classified by the North American Industry Classification
System (NAICS), which include fabricated metal products, machinery manufacturing,
computers and electronics, electrical equipment, transportation equipment, furniture and
related products, and miscellaneous manufacturing. Finally, only plants with a size of 250
employees or more were considered for this research.

The research sample included those leaders who fit into the above stated population
criteria and are currently active US members with the Society of Manufacturing
Engineers (SME) and have self-reported that lean manufacturing is their technical interest
when applying for the SME membership.

Instrument Design

For the purpose of this research, a survey was used to gather data and was
administered electronically using the SurveyMonkey website. All questions were close-
ended. 35 questions were based on a five-point Likert-type scale and five were related to
demographic information. Questions were developed using two approaches: first,
utilizing information from existent literature mainly from a study conducted on
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businesses within the European Union region (Brintrup, Roberts & Astle, 2008). Second,
a panel of experts that consisted of three industry experts and three university scholars
verified the selected questions. The validity of the final instrument was established
through a review by this selected panel. The survey consists of five sections. The third
section of the survey consists of nine questions to explore where the use of RFID
technology may improve inventory management through the reduction of the seven
common types of waste in lean manufacturing. These questions were designed to
investigate if there is a significant relationship between lean manufacturing waste
reduction and the adoption of RFID technologies in inventory management.

Variable Measurement

Independent variables. The seven common types of manufacturing waste have been
used as independent variables in this study. These are: (overproduction, waiting time,
transportation, over-processing, inventory, motion, and rework). Nine RFID technology
potential implementations within inventory management at a lean manufacturing setting
were investigated. Each item is related to one of the mentioned seven manufacturing
wastes. All the questions were close-ended and used the five-point level of agreement
Likert-type scale: (1) Strongly disagree, (2) Disagree, (3) Neutral, (4) Agree, (5) Strongly
agree.

Table 1: The Investigated Items

Items

1 | The use of RFID technology helps reduce 'overproduction’ by knowing
how much of goods/materials are in stock.

2 | The use of RFID technology helps reduce 'waiting time' by knowing
where finished goods/materials are.

3 | The use of RFID technology helps reduce 'inefficient transportation' by
knowing where nearest finished goods/raw materials are.

4 | The use of RFID technology helps reduce 'inappropriate processing' by
knowing which raw material is suitable for which processing.

5 | The use of RFID technology helps reduce 'unnecessary inventory' by
improving inventory visibility.

6 | The use of RFID technology helps reduce 'unnecessary inventory' by
eliminating the need for material queuing, and assisting in the
application of Just-in-Time methodology.

7 | The use of RFID technology helps reduce ‘unnecessary motion’ by
eliminating manual counts and human error.

8 | The use of RFID technology helps reduce 'defects’ by identifying non-
conforming material and in turn reducing the overall inventory
required.

9 | The use of RFID technology helps reduce 'defects' by knowing finished
goods/ raw material expiry dates and implement suitable protocols.

Dependent variable. This study intends to gain the perception of the selected
participants of the impact of RFID technology adoption on lean manufacturing waste
reduction in inventory management. Table 1 illustrates the investigated items.
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RESULTS AND DISCUSSION

Scale Reliability

The reliability was evaluated using Cronbach's alpha coefficient in order to assess the
internal consistency of the nine items utilizing the SPSS software. Cronbach’s alpha is
based on the average inter-item correlation and it is the most generally accepted
instruments internal consistency reliability test (DeVellis, 2003). Although 0.7 or higher
is normally what considered to be an acceptable reliability coefficient, lower thresholds
are sometimes used in the literature (Santos, 1999). The closer Cronbach’s alpha
coefficient is to 1.0, the greater the internal consistency of the items in the scale (Gliem &
Gliem, 2003).

Cronbach’s alpha reliability coefficient value of all 9 items (as one scale) was 0.871.
Individual coefficient values for each items ranged from 0.846 to .866 — this is very
acceptable.

ltems Statistics

The scale mean was 31.49 and standard deviation was 5.86 with a variance of 34.42.
The scale statistics are presented in Table 2 below. The items means ranged from 2.86 to
3.69 with an overall mean of 3.49. Items 4, 6, and 8 had means below the average. All
items’ mean averages were above 3.00 except item 8 (2.86). This indicated that
respondents tended to respond on the positive side of the five-point Likert-type scale.
Corrected item-to-total correlation for item 9 was 0.718. Items 2, 3, 5, and 6 had
corrected item-to-total correlations ranged from 0.603 to 0.672. Items 1, 4, 7, and 8 had
an item-to-total correlation from 0.505 to 0.571. A rule-of-thumb is that these values
should be at least 0.40 (Gliem & Gliem, 2003). Except items 4, 6, and 8, the remaining
items had significant item skewness above +/- 0.7. These data indicated highly
homogenous responses by respondents. Most responses were at the end of the Likert-type
scale with a mode of 4.00 for items 1, 2, 3, 5, 6, 7, and 9. Items 4 and 8 had a mode of
3.00. All skewed items were negatively skewed. The 25" percentile was 3 for items 1, 2,
3,4,5,6,7, and 9. It was 2.00 for item 8. The 75" percentile of item 8 was 3.6 and the
remaining items were 4.00.

As illustrated on Table 3, items central tendency measures using Mode. In addition,
and to make the data results much easier to understand, a chi square test representing
residual values for each of the five-point Likert-type scale categories is provided.

Chi-square test is comparing expected N to observed N. A decision about the
expected values against which the actual frequencies are to be tested was made by setting
all categories to equal value because this is the most common choice. These equal values
are determined by dividing the total number of usable responses by the number of the
used Likert-types scale. In this study, the usable responses were 77 and the used Likert
scales were five. By dividing 77 by five the result was 15.4. The highest residual value
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Table 2: Item Statistics for Inventory Management Scale
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Mean

Std.
Dev.

Item
Skewness

Item-to-total
correlations

The use of RFID technology
helps reduce 'overproduction’
by knowing how much of
goods/materials are in stock.
The use of RFID technology
helps reduce 'waiting time' by
knowing where finished
goods/materials are.

The use of RFID technology
helps reduce "inefficient
transportation’ by knowing
where nearest finished
goods/raw materials are.

The use of RFID technology
helps reduce 'inappropriate
processing' by knowing which
raw material is suitable for
which processing.

The use of RFID technology
helps reduce ‘unnecessary
inventory' by improving
inventory visibility.

The use of RFID technology
helps reduce 'unnecessary
inventory' by eliminating the
need for material queuing, and
assisting in the application of
Just-in-Time methodology.
The use of RFID technology
helps reduce ‘'unnecessary
motion’ by eliminating
manual counts and human
error.

The use of RFID technology
helps reduce 'defects’ by
identifying non-conforming
material and in turn reducing
the overall inventory required.
The use of RFID technology
helps reduce 'defects' by
knowing finished goods/ raw
material expiry dates and
implement suitable protocols.

3.68

3.66

3.52

3.34

3.69

3.32

3.85

2.86

3.59

926

931

944

.946

.833

970

.892

.887

.998

-1.157

-1.166

-.824

-.238

-1.022

-.490

-.780

-.093

- 727

.536

.654

672

571

.632

.603

.564

.505

718
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was the decisive factor when selecting under which of the five scales the majority of
responses were.

The mode and residual values were calculated for each of the 9 items as presented in
Table 2. Items 1, 2, 3, 5, 6, 7, and 9 had a mode of 4. This is equal level 4 (Agree) of the
used Likert-type scale. Items 4 and 8 had a mode of 3. This is equal to level 3 (Neutral)
of the used Likert-type scale. Items 4 and 8 were rejected based on this test.

Table 3: Items Statistics

Chi Square Test — (Frequencies Residual Values)

ltem Mode SD D N A SA Hypothesis
1 4 -11.6 -9.6 -1.6 28.4 -5.6 accept
2 4 -11.6 -8.6 -2.6 29.4 -6.6 accept
3 4 -11.6 -7.6 4.4 224 -7.6 accept
4 8 -12.6 -3.6 12.4 114 -7.6 reject
5 4 -124 -114 3.6 26.6 -6.4 accept
6 4 -11.6 -2.6 7.4 16.4 -9.6 accept
7 4 -13.6 -9.6 -.6 22.4 14 accept
8 3 -10.6 6.4 154 24 -13.6 reject
9 4 -11.6 -7.6 3.4 194 -3.6 accept

SD=Strongly Disagree; D=Disagree; N=Neutral; A=Agree; SA=Strongly Agree

The highest residual values for items 1, 2, 3, 5, 6, 7, and 9 were under (Agree)
category. Whereas, the highest residual values for items 4 and 8 were under (Neutral)
category. Thus, items 4 and 8 were rejected. Based on these results, the majority of
respondents agreed that inventory management will improve through the adoption of
RFID technology that reduces the following six lean manufacturing wastes;
overproduction, waiting time, inefficient transportation, unnecessary inventory,
unnecessary motion, and defects. Whereas respondents did not think the adoption of
RFID technology helps reduce the waste of inappropriate processing in lean
manufacturing settings.

RFID can be used to improve inventory management through: (a) eliminating manual
counts and human error; (b) eliminating the need for material queuing, and assisting in
the application of just-in-time methodology; (c) improving inventory visibility; (d)
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knowing finished goods/ raw material expiry dates and implement suitable protocols; ()
knowing where nearest finished goods/raw materials are; (f) knowing where finished
goods (or materials) are; and (g) knowing how much of goods/materials are in stock. In
conclusion, items 1, 2, 3, 5, 6, 7, and 9 were supported, whereas, items 4 and 8 were not
supported.

Figures 1 to 9 show the distribution of responses of each of the nine questions
showing number of responses and percentages that strongly disagree, disagree, neutral,
agree, and strongly agree.

Figure 1: Analysis of Responses to Overproduction
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Question: The use of RFID technology helps reduce ‘overproduction’ by knowing how much of
goods/materials are in stock. (N=77)

Figure 2: Analysis of Responses to Waiting Time
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Question: The use of RFID technology helps reduce ‘waiting time’ by knowing where finished
goods/materials are.
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Figure 3: Analysis of Responses to Inefficient Transportation
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Question: The use of RFID technology helps reduce “inefficient transportation’ by knowing
where nearest finished goods/raw materials are.

Figure 4: Analysis of Responses to Inappropriate Processing
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Question: The use of RFID technology helps reduce ‘inappropriate processing’ by knowing
which raw material is suitable for which processing.
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Figure 5: Analysis of Responses to Unnecessary Inventory — Improving Visibility
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Question: The use of RFID technology helps reduce ‘unnecessary inventory’ by improving

inventory visibility.

Figure 6: Analysis of Responses to Unnecessary Inventory — Eliminating
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Question: The use of RFID technology helps reduce ‘unnecessary inventory’ by eliminating

the need for material queuing, and assisting in the application of Just-in-Time methodology.
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Figure 7: Analysis of Responses to Unnecessary Motion
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Question: The use of RFID technology helps reduce ‘unnecessary motion’ by eliminating
manual counts and human error.

Figure 8: Analysis of Responses to Reduce Defects-Nonconforming
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Question: The use of RFID technology helps reduce ‘defects’ by identifying non-conforming

material and in turn reducing the overall inventory required.
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Figure 9: Analysis of Responses to Reduce Defects — Expiry Dates
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Question: The use of RFID technology helps reduce “defects’ by knowing finished goods/ raw
material expiry dates and implement suitable protocols.

CONCLUSION AND IMPLICATION

The study attempts to study whether RFID can help identify, reduce, and eliminate
the seven common types of waste identified by Taiichi Ohno. Based on the perception of
the managers from several types of industries, the adoption of RFID technology can
significantly reduce seven types of waste except “inappropriate processing”. It may
indicate that current RFID technology is not sophisticate enough to identify the
inappropriate process. Furthermore, RFID technology can significantly reduce ‘defects’
not by knowing finished goods/raw material expiry dates or implement suitable protocol,
but by identifying non-conforming material and thus reducing the overall inventory.

Practical Contribution

Lean manufacturing is one of important topics for manufacturing companies in recent
years. Taiichi Ohno has identified seven types of waste in manufacturing in the Toyota
production system. How to reduce the types of wastes using current technology is
important to major manufacturing companies. As mentioned by Heim, Wentworth, and
Peng (2009), “... managers today are facing difficulty decisions about whether to adopt
RFID or wait until the technology matures further...,” The major contribution of this
study is to know what types of wastes the current RFID technology can reduce and thus
achieve the goal of lean manufacturing. The results are obtained through a survey of
managers from major manufacturing companies across seven different types of
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industries. It provides insight for the managers for adopting RFID technology. It also
indicates what the RFID can contribute and what the RFID cannot.

Theoretical Contribution

Current literature does not provide the framework between RFID technology and
waste reduction. This study contributes to academic literature by establishing a link
between RFID and seven types of waste reduction mentioned by Taiici Ohno.
Furthermore, the study conducted a survey from managers in seven different types of
industries and indicated RFID is useful in reducing most of the waste in manufacturing.

Limitation and Future Studies

The limitation of the study has two. First, the sample size is about 250 from
managers who are implementing RFID technology. The sample size is fine but larger
sample can be done. Second, the data were collected through the subjective opinion of
managers from manufacturing companies. To actually measure the relationship between
adoption of RFID technology and reducing waste, a more objective scientific experiment
can be setup for certain period (for example, one year of costing data between pre-
adoption and post adoption).
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