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Abstract: Corporations are currently making progress in their efforts toward traceability, against the backdrop of
practical realization of the automatic identification technologies such as RF tags and 2D barcodes. In order to
consistently manage and access various types of product-related history information throughout the supply chain,
it is necessary to develop information networks and databases for sharing that information between firms, and EDI
systems play a central role in that context. The main contribution of this paper is to propose a new distributed
traceability system based on open source software which is particularly suitable for small and medium enterprises
(SMESs). In this paper, we first conduct an exploratory analysis of factors involved in the adoption of traceability
systems by small and medium enterprises, based on a review of previous research on traceability and questionnaire
survey data. And then we examine the current situation and issues of RF tags, 2D barcodes and EDI systems, and
their linkage with in-house backend systems. Furthermore, we propose a new model of the traceability system
using open source software which is suitable for small and medium enterprises based on the above analysis, and
discuss the model's managerial implications.
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discuss firm’s situation and environment, and then
analyze the factors involved in the adoption of
traceability systems. Next, we discuss the relationship
between EDI and the development of traceability
systems in the supply chain. Furthermore, we propose
a new model of the traceability system using open
source software which is suitable for small and
medium enterprises, and discuss the model's
managerial implications.

1 Introduction

In recent years, many firms have built traceability
systems and progressed in their efforts toward
traceability of raw materials and products. This
process has been stimulated by progress in automatic
identification technology, primarily RF tags and 2D
barcodes, and expansion of their scope of application
to inter-firm uses. However, in order to develop the
traceability systems using RF tags and 2D barcodes
between firms in a supply chain, and then manage and
share history information using those systems, it is

necessary to develop inter-firm information networks
and databases. Approaches to building systems to
achieve traceability in supply chains are generally
classified into two basic types: centralized and
distributed. Distributed traceability systems based on
EDI play a central role. However, at small and
medium enterprises, there are various issues, such as
bearing the costs of introducing and operating a
traceability system, and securing staff who have
applicable skills.

In this paper we first survey previous research in
order to provide an overview of traceability and
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2 Background of Research
In order to understand the background of this research,
we will explain the definition of traceability.

2.1 Traceability

The term of traceability generally refers to the ability
to verify the history, location, or application of an item
by means of documented recorded identification. It
means that the history of information relating to an
applicable product is managed, and can be followed/
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retraced. A '"traceability system" is a series of
mechanisms or processes for conducting the
identification, data creation, data accumulation/
storage and data collation necessary to achieve
traceability [1].

There are two reasons for many firms why they are
developing traceability systems and strengthening
their efforts to achieve traceability today. The first
reason is the rise in consumer awareness of product
safety, quality and labeling — triggered by social
problems such as BSE ("mad cow disease"),
fraudulent labeling and concealment of vehicle recalls
— as well as societal demands that corporations make
a positive contribution to recycling, environmental
problems and so on. The second reason is to get work
done more efficiently/effectively and to gain
competitive advantages in the sale of its products and
services, by exploiting the practical realization of the
automatic identification technologies such as RF tags
and 2D barcodes, and progress in inter-firm
information networks. By building traceability
systems, firms will expect to get work done more
efficiently and reduce costs in areas of quality and
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inventory control, products inspection, shipment and
distribution. The reason is that detailed information of
raw materials, parts, products and other items can be
followed/ tracked accurately.

We conducted a questionnaire survey (response
rate 14.6%) in December 2004. We investigated and
collected the data from 500 companies in the Japanese
manufacturing, wholesale and retail industries in this
questionnaire survey. According to our investigation,
4.1% companies adopted traceability system for
almost all of their products/ materials, 37.0%
companies adopted traceability system for part of their
products/ materials, and 17.8% companies do not
adopt traceability system but have plan to do it in the
future. The rest of 41.1% companies do not adopt
traceability system and have no plan to do it in the
future. We divide these companies into two groups,
one is for small and medium enterprises, and other is
for large-scaled enterprises (LSEs). Table 1 shows the
details of our questionnaire survey for these two
groups. It is easy to found that the group of small and
medium enterprises particularly have time lag in their
adoption of traceability system.

Table 1: Details of the Questionnaire Survey (%)

Almost all  Partial Non-adopting Non-adopting
with plan without plan
in the future in the future

Total 4.1 37.0 17.8 41.1
LSEs 8.8 44.1 8.8 38.2
SMEs 0 30.8 25.6 43.6

Note: LSEs include firms with more than 1,000 employees in this paper.

2.2 Factors of Traceability Systems

In the field of corporate management, the earliest
research of the impact of traceability systems on
corporate competitiveness began in the 1990s [2]. In
most of these researches, traceability system is
considered as one of the most important tools for
management/access of history information of products.
Traceability system is a useful means to improve
product quality and business processes.

For instance, Sohal (1997) conducts a case study of
traceability system construction at the Australian
overseas subsidiary of Denso Corporation, a company
of the automotive parts manufacturing industry. In this
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study, different economic effects, such as quality
improvement and lead-time shortening are proved,
and successful factors involved in the system are
investigated [3]. Jansen-Vullers et al. (2003) classified
traceability into two types: passive and active [4].
"Passive traceability" refers to efforts to achieve
visibility of information, i.e. a situation where
information on products can followed/ tracked from
production, through distribution and eventual disposal.
In contrast, “Active traceability" refers to active
attempts to use the now visible history information to
further improve quality control and increase efficiency
of supply chain processes.
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Based on our questionnaire survey, we examined
that what sort of factors have an impact on corporate
construction/ adoption of traceability systems (Table
2). In terms of what items have been (or would be)
most important when we adopt a traceability system,
the results show that the two items "response to
requests from business partners or consumers" and
"improvement of quality and reduction of
management costs for the company's products" have a
rather high value, but overall, it is not possible to
derive a comprehensive conclusion.

Thus we conduct factor analysis of these 9 items
(scale of traceability system), and examine that what
sort of latent factors have an effect on traceability
system.
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First, when factor analysis was conducted using
the principal factor method, changes in the eigenvalue
are at the sequential series of 3.10, 1.59, 1.39, 0.95
(rest omitted), and thus it was determined that 3
factors structure is appropriate, taking eigenvalue 1 as
the standard. Since it is assumed that there is a positive
correlation between factors obtained through factor
analysis, factor analysis is conducted again assuming
3 factors and using the principal factor method
(promax rotation), and items with a factor loading of
0.45 or higher were selected. Table 2 shows the final
factor pattern and correlation between factors after
promax rotation. The 3 factors before rotation
explained 67.5% of the total variance of the 9 items.

Table 2: Mean, standard deviation and correlation coefficient matrix of the factor analysis (5 point scale)

Mean  §D Corre Lation ¢ oe ficient
2. 3. 4. 3. f. 1. 3. 9.
1. Response to requests from business partners 410 003 _
Of CORSVENEES
2.Reslpansetat:rendsatl:lt.herfirmsmthe 391 099 030 -
same industy
3. Response to administrative policies o 0.43*
efforts of affiliated industey groups 342105 0.32 *
4. Increasedsafet;n‘secwﬂyawarenessUf 104 086 O36% 010 050+ —
COTRMNEL 8 OF SOCIEty
5. E.Pfu::rtstu:uadfiressrecythngandnmer 304 099 016 007 00% 013 _
etvviron ental issues
&I t of cpuality and reduction of
TIRTIVEREIE T e e emnen 422 090 015 020 004 016 037% -
management costs for the com pany s products
T.Imgrwedeﬂ“'1c1ency0fr.1skmanagemmtfm 139 10% 016 031 016 018 013 011 _
defective products and accidents ete.
8. Part of str i titi i 0.45*
of strengthening competitiveness &0, 50 g0 003 017 026 057021 018 -
marketing and sales strategy ete. *
9. Enhancing the i of th its
hang e lnage D CHUPRT IR 350 08z 009 005 039%07E* 017 011 039 075% -

product brands

Note: ** means significant at the 1% level, and * means significant at the 5% level.

The first factor is comprised of 4 items, and items
relating to improvement of external competitiveness,
such as "part of strengthening competitiveness",
"image enhancement" and "safety/security awareness",
exhibited high loading (Table 3). Therefore, this factor
is called "competitiveness". The second factor is
comprised of 3 items, and items relating to pressure
from the outside environment, such as "requests from
business partners" and "response to administration and
efforts of industry groups", exhibited high loading.
Therefore, this factor is called "environmental
pressure". The third factor is comprised of 2 items, and
items relating to improvement of in-house operations,
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such as "improvement of quality" and "cost reduction",
exhibited high loading. Therefore, this factor is called
"operations". Whereas the first and third factors tend
to reflect a proactive, action-oriented company stance
toward traceability, the second factor is an inactive
response to factors in the external environment, and
indicates the passive stance of the company.

When Cronbach's @« was calculated to examine
internal consistency, the values are « =0.80 for
"external ~ competitiveness", a =0.62  for
"environmental pressure" and « =0.54 for "operations".
Thus adequate values were not obtained in all cases.
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Table 3:
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Factor analysis results for the scale of traceability systems adoption

(Factor pattern after promax rotation)

I ii 111

2. Part of strengthening competitiveness, in
atketing and sales strate sy ete.
Q. Enhaneing the image of the com paty of its

product brands

7. Improved efficiency of risk managem ent

087 006 008

084 00z 003

055 013 004

for defective products and accidents ete.

4. Increased safety’security awareness of

conmu ers of society

1. Response to requests from business

L arttiers of cofsMNes

3. Response to admind strative policies ot
efforts of affiliated industry groups
2. Response to trends at other firms in the

same indugry

6. Improvern ent of cuality and reduction of

051 044 012

0.3 o082 014

022 08 017

no: 033 D37

nar7 0.1z 0,70

thatagetm ent costs for the company' s products

5. Effortsto address recyeling and other

et1vit ot ental ismes

010 001 046

Cotrelation hetween factors

I — 038 018
II - 01
111 -

Note: Items with a factor loading of 0.45 or higher are indicated in bold.

This is partly because the number of items comprising
each factor is small, but the "operations" factor was
below a=0.6, which is the ordinary cut-off level.

3 Traceability Systems and EDI
Traceability systems and EDI is one of the important
issues for designing a new traceability system.

3.1 Two kinds of Traceability System

In general, the following are the two approaches to
designing traceability system of the supply chain [5,
6].

(1) Centralized traceability system
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In this case, traceability information is centrally under
management in a shared database. Also, each firm and
involved person performs tasks, for instance, add new
data, and update history information, primarily via the
internet, based on fixed rules (e.g. access privileges).
One example of this type is the search service for
central management of traceability information
(register) relating to individual identification of cattle
throughout Japan.

(2) Distributed traceability systems

In this case, traceability information is saved/
managed in a distributed fashion as the responsibility
of each company, and required data is
transferred/exchanged primarily using EDI systems.
As a rule, firms use the "one step forward, one step
backward" system where each company positioned in
a supply chain provides traceability information one
step forward from itself, and can track information one
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step backward from itself. This approach is typically
adopted in industries such as household appliances
and processed food. In particular, the latter distributed
type is expected to expand in the future as the major
type of traceability system. Therefore, it is expected
that there would be a growing role for EDI systems,
which have previously developed as the technological
infrastructure for sharing information among
companies.

For both of these systems, small and medium
enterprises will be faced with a large cost burden for
adopting/ operating a traceability system. And it is
also difficult for them to secure adequate staff with the
requisite technical capabilities. However, it is
obviously that the "environmental pressure" generally
will have effect on the small and medium enterprises.
Therefore, a new model of the traceability system for
the small and medium enterprises is required.

3.2 Traceability and EDI

We conduct exploratory analysis using the
aforementioned survey data, as the first step toward
examining the relationship of efforts by corporations
to achieve traceability with EDI systems and with
in-house backend systems.

First, we divide firms in our questionnaire survey
into two groups, an "implementing" group which is
making efforts toward traceability and a
"non-implementing" group which is not, based on the
criteria of whether or not the firm is building a
traceability system (i.e. whether or not it is
implementing traceability for all or part of its
products/materials). Then we analyze the relationships
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with formation of information networks between
companies, and with adoption of internet EDI (Table 4,
Table 5). As a result, a connection was found between
the existence of traceability system construction and
formation of information networks between firms ( x
’=7.82, df=3, p<0.05). Similarly, a connection was
also found with adoption of internet EDI ( x *=20.0,
df=3, p<0.00).

From this result, it is obviously that traceability
systems are being built by taking formation of
information networks between firms as a foundation.
Efforts toward traceability are driving greater
openness (standardization) of EDI systems as
interfaces between companies [7].

This also shows that small and medium enterprises,
which tend to be relatively behind in terms of
adoption/ dissemination of inter-firm information
networks and internet EDI, are hobbled in their efforts
toward traceability.

Next, we look at the secondary use of EDI data, to
examine what sort of differences appear in the
formation/usage situation of in-house backend
systems due to differences in items which are
important in driving efforts toward traceability. Here,
"secondary use" of EDI data means that EDI systems
are not used only for front-end processing between
firms; EDI data is also linked with in-house backend
systems, and used for various types of work inside the
firm. It is obviously that, at present, companies
implementing EDI are advanced in terms of secondary
use of EDI data in backend systems, primarily for
sales and inventory management.

Table 4: Cross/Residual analysis between existence of efforts toward traceability and formation of information
networks between firms (%, after correction for multiple responses)

Implementing M oti-impletmenting

=310 =43
1xed connection with specific business 23 3 357
partner
Flexible, reconfizurable connec ioms with roaltiple
. 467 35T
business parthers
Confizuration of a supply chain ixseolving raltiple N N
firms to ackieve overall optitnization 200 45
H ot impl et enting intet-com patny cone ctions 10.0 435

Note: * means significant at the 5% level.
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Table 5: Cross/Residual analysis between existence of efforts toward traceability
and implementation of internet EDI (%)

Implementing Hon-implementing
=24 =37
Mlajarityis the intertiet 42 3w 2.7
Partially adopted 385 f4.9
Have a comventional systern, but plan to
shift to the internet 1.3 27
Will cortinne fo hale with
il cortinue for a while with a 7 2g T4

corvertional system

Note: ** means significant at the 1% level; * means significant at the 5% level.

Now, what sort of differences appears in the
secondary usage of EDI data depending on the extent
of effort toward traceability? We classified firms into
an "active" group having a proactive, action-oriented
stance on efforts toward traceability, and a "passive"
group having a relatively inactive stance, and analyzed
the difference between mean values for 8 items
relating to secondary use of EDI data. It is decided to
use the aforementioned factor analysis results as the
classification criterion. That is, we calculate scale
points comprised of the mean values of items which
exhibited high loading on each of the two scales
"competitiveness" and "operations", and firms whose
score are at or above the mean for both scales are

classified into the "active" group, and the rest are
placed in the "passive" group.

As indicated in Table 6, the results show that the
"active" group with a proactive, action-oriented stance
toward traceability exhibits greater overall secondary
use of EDI data. Here, a significant difference was
found between the "active" and "passive" groups for 4
items: sales management (t=1.89, df =27, p<0.05),
customer management (t=2.10, df=27, p<0.05),
production management (t=1.74, df=26, p<0.05)and
finance/accounting management (t=2.28, df=27,
p<0.05).

Table 6: Comparison of secondary use of EDI, depending on differences in stance on efforts toward traceability

Aootive P agsiwve L

=0 =20 — S1gmfic_a.pce

Mean 5D Mean 5D prabatility
dalez management 456 0.73 3.460 1.43 129 n.04
Cuztomer management 3.44 1.59 2.25 1.33 2.10 0oz
Purchazing management 3.56 1.13 2.95 1.47 1.10 n.14
Inventory management 411 0.93 3.25 1.62 1 .42 0.0z
Production management 3.00 1.07 2.10 1.20 1.74 0o
Digtribution management 3.56 1.24 3.05 1.61 0z4 021
Finance/dccounting management 3.56 1.33 2.40 1.23 238 0.0z
Management decision making 238 1.19 2.05 1.15 067 025
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Although a statistically significant difference was not
found, overall secondary use of EDI data at small and
medium enterprises was passive, and this also
indicates that small and medium enterprises face
issues in their efforts toward traceability [8, 9].

4 New Traceability System for SMEs
Based upon the analysis mentioned above, we will
propose a new model of traceability system for small
and medium enterprises.

41 The New System and Open Source
Software
Small and medium enterprises face a number of issues,
such as bearing the costs of adopting and operating a
traceability system, and securing staff having
applicable skills. Thus, we propose the framework of a
system which holds down adoption costs and reduces
the burden of operation/management by building the
system on the foundation of open source software [10,
11, 12]. The basis for this is an open source software
based system framework for small and medium
enterprises which we have previously studied [13]. A
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robust platform with good maintainability is built by
using Linux as the operating system which forms the
basis of the system. PostgreSQL, widely regarded as
rivaling commercial databases, is used as the
relational database system for accumulating and
storing data. A highly versatile system, with reduced
development and maintenance costs, is built by
selecting PHP, a scripting language for Web system
development.

4.2 New Model

Enterprises
We propose a new model of the traceability system for
small and medium enterprises using open source
software. It is assumed that this model will be
implemented as a distributed traceability system.
Because this type would be expected to expand in the
future as the major type of traceability system
mentioned above. Thus, 2D barcodes (which are easy
to use for small and medium enterprises) are employed
as the media for trace information [14]. We also
propose a scheme for saving trace information in
XML format [15], to enable secondary use in EDI
systems and greater versatility (Fig.1).

for Small and Medium

<?xml version="1.0" 7>

<Product>

</Product>

<ControlCode>12345678</ControlCode>
<ProductCode>A1010</ProductCode>

<ProductName>Product A</ProductName>

< ManufacturingDate>2008-11-01</ManufacturingDate>
<ManufacturerName>Sample Corporation</ManufacturerName>
<Telephone>0123-45-6789</Telephone>

Fig.1: Example of trace information in XML format

The front end of the traceability system is
web-based, and the model aims at designing a new
system which has a minimal burden on the staff of
small and medium enterprises.

Fig.2 shows the model of a traceability system
suitable for small and medium enterprises, based on
the above considerations.

By following this model and defining requirements
for small and medium enterprises, we can contribute to
the construction of traceability systems for small and
medium enterprises.
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4.3 Secondary Use of EDI
For example, it becomes possible to automatically
collate with EDI data sent from the supplier, such as
the manufacturer or wholesaler, by reading a 2D
barcode at the time of product arrival, as part of arrival
and inspection processing [16]. In store management
too, linkage with order management can be achieved
by using smart shelves and ordering automatically.
Using 2D barcodes for EDI processing in this way
is effective for synchronizing flows of products and
flows of information. Automation of inspection work
facilitates secondary use of EDI data for seamless
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Maodel of traceahility systermn suitable
for small and medium enterprises

Product

Control code 1 2348678

Product code 81010
Tag

genetstion Product name Praduct A

Date 2008-11-01

Cireate 1ag

Downstream II Upstream

PHP -
PostgreSQL

Web

Linux

Fig.2: Model of traceability system suitable for small and medium enterprises

E https:#/keieill3 ba ube—k ac. jpSpublic_htmlfseikyu_php — Microsoft Internet Explorer

SrOLE R TREh@  BEICAOGE AL N 2
B =& 9D M- ko= |- |0y 8 - [ webrew | ew
FEkE >
T 755-0542 i H T R EE |
O RS ER T H e i e i 20 2006/9/25 L

T 755-0482

ABSH PO # L1 1 RS T A s

R =1k A S HERT
FRODIE  fEIFERE L EvFEd,

Hil H iH 55 =R # i) A < 0 e 2 A GE - 4 H s R
103,380,000 2,000,000 101,380,000 11,420,000 112,800,000
=HH i | G CD S HHe i Hil Eax il
2006-05-08 1 1 Frontier FR-C 1 7CDMS 3 150,000 450,000
2 LPCAZETCSK 5 100,000 500,000
3 Phantom 7 380,000 2,660,000
1 Canon LEP-720 1 110,000 110,000 =
= [ 1 | [+ [ O

Fig.3: Implementation of a system for automatically issuing billing statements

ISSN: 1109-9526 8 Issue 1, Volume 6, January 2009



WSEAS TRANSACTIONS on BUSINESS and ECONOMICS

linkage with subsequent billing processes, and for
financial/accounting management and inventory
management. Fig.3 illustrates the implementation of a
system for automatically issuing billing statements after
conducting acceptance inspection based on automatic
collation of 2D barcode information and EDI data.

The fact that it is possible to build this sort of
traceability system by using open source software will
likely be a major advantage for small and medium
enterprises who have many limitations on their budget,
staff and other management resources.

5 Future work

Based on the analytical results mentioned above, we
propose a new model of a traceability system using
open source software which is suitable for small and
medium enterprises, and discuss its managerial
implications.

In the future, more work will be necessary, such as
new requirements for the model, development of a
prototype of the system, and demonstration
experiments. Furthermore, there will need to be
evaluation and verification of its effectiveness, such as
cost reduction, system vulnerability and so on through
an experimental operation of the prototype system
proposed in this paper.

6 Conclusion

We review an overview of traceability and traceability
system, and examine several issues related to
development of EDI-based distributed traceability
systems, based on the analysis of the current situation
and the survey of previous literatures in this paper.

The main focus is the relationship of EDI with
construction of traceability systems in the supply chain.
This is an exploratory investigation, and the analytical
results of the empirical data show that there is greater
openness of EDI systems of the firms which adopted
traceability systems, and that secondary use of EDI data
in backend systems is more advanced to the extent that
a firm is proactive and action-oriented toward
implementing traceability. However, although a
statistically significant difference is not found, overall
secondary use of EDI data at small and medium
enterprises is passive, and this also indicates that small
and medium enterprises have specific problems in their
efforts toward traceability.
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