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Abstract

This paper identified and validated relationships of theoretical factors affecting the wood pallet supply chain. The lack of
information regarding how wood pallet manufacturers managed their operations, relationships, and uncertainties made it signifi-
cant to explore the wood pallet supply chain through the application of a nationwide survey. For this purpose, 1,500 companies
were mailed questionnaires with an adjusted response rate of 13.5%. Previous research and a literature review were used to de-
velop a theoretical research framework that included the critical factors in the wood pallet supply chain. Once the data was col-
lected, internal reliability and exploratory factor analysis tests were performed to ascertain and reduce the data. Then a multiple
regression analysis was used to test for factor relationships. Results from the framework analysis indicated that higher levels of
the value-added process will lead to greater levels of supply chain relationships. Increased levels of supply chain relationships
will improve the supply chain management performance. The results of this study focus on supply chain management practices
in the wood pallet industry, and as such, it provides an initial model that would help as basis for future research. Manufacturers
should focus on the effective management of the value-added process (manufacturing) since it was demonstrated that it directly

affects supply chain relationships, and as a consequence, it also affects supply chain management performance.
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Introduction

Lambert and Cooper (2000) stated that a supply chain
is not a chain of business-to-business relationships; rather, it
is a complex network that includes a variety of businesses
and relationships. Innovations in transportation and infor-
mation technology; deregulation, and the fall of trade barri-
ers enables actors in the supply chain to communicate more
frequently, and participate more in the decision-making pro-
cess that affects the entire value stream (Espinoza 2009,
Stiess 2010). The concept and management of supply chains
grew in importance for all kinds of organizations as opera-
tions become more complex and global. Efficient supply
chain management (SCM) provides opportunities to protect a
firm’s competitive advantage and improve organizational
performance (Li et al. 2005). Integrating a supply chain facil-
itates achieving improvements in flexibility, on-time deliv-
ery, and product quality, and as a result, business perfor-
mance (Rosenzweig et al. 2003).

A variety of studies have been conducted on supply
chains in diverse industry sectors. For instance, researchers
found that supply chain coordination issues and incentive
mechanisms for investing in information technology, such as
radio frequency identification (RFID), can lead to improved
efficiency and supply chain security (Lee et al. 2011). An-
other finding was the integration of “effective flexibility,”
which led to a strategic supply chain decision-making pro-
cess (Das 2011). Relationships between environmental un-
certainty, supply chain flexibility, and firm performance also
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were demonstrated in the findings from a survey of 85 manu-
facturing companies in Germany. Here, it was found that en-
vironmental uncertainty was a critical factor and to achieve
superior firm performance, greater supply chain flexibility
was required. Next, a theoretical model was developed and
demonstrated by using the aforementioned three factors
(Merschmann and Thonemann 2011). Supply chain manage-
ment is applied by companies globally due to its demonstrated
results, including time reduction, better financial performance,
improvements in customer satisfaction, dependable suppliers
and other benefits. Also, according to D’ Amours, Ronnqvist,
and Weintraub (2008) the forest products industry, including
the wooden pallet sector, is implementing supply chain prac-
tices to improve their performance. However, more research is
needed to better understand the factors affecting SCM in this
industry (White and Hamner 2005).
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Wood pallets are utilized during the transportation of
materials, from raw materials to finished products. Their
importance has grown through the years, especially with
globalization. Pallet and container manufacturing is a signifi-
cant part of the United States (U.S.) wood products sector,
representing an average of 5.8% of the total value of ship-
ments, and 11.1% of the wood products sector employment
from 2000 through 2008. Also, the value of product ship-
ments (domestic production) has grown from about US$5
billion to US$7 billion during the 9-year period investigated.
According to findings obtained from the trade statistics data-
base (U.S. Census Bureau 2010), the top wood pallet import-
ers were France, Canada, and China. Even though imports
have remained nearly at a constant level in this time period,
it is necessary to look for other potential sources of wood
pallet raw materials, not only in the U.S., but also in other
countries. The U.S. produces approximately 13% of the
world’s roundwood for all products, followed by India and
China (9% each), and Brazil (approximately 7%). Infor-
mation about the type of wood pallet material imports is lim-
ited in the literature. Also, it is important to add that compe-
tition for raw materials has in-
creased. According to the Re-

Factors Affecting SCM in the Wood Pallet Industry

The objective of this research was to identify and under-
stand the relationships among different factors affecting the
wood pallet supply chain processes. To better understand
SCM, research was centered on the three main processes of a
supply chain: raw material supply, manufacturing, and cus-
tomer service as defined by the Supply Chain Council’s Sup-
ply Chain Operations Reference (SCOR) model (SCC 2010).
A literature review was conducted to identify a theoretical
SCM framework to be used as a departing point resulting in
the selection of the framework published by Li (2002). This
framework included as factors SCM practice, SCM perfor-
mance, information technologies, SCM relationships, SCM
driving forces, competitive advantage, and organizational per-
formance. After reviewing Li’s framework factors and com-
paring them with newer publications in SCM and wood prod-
ucts, the list of factors shown in Table 1 were determined.
Following, a definition of each factor is presented:

a) Environmental Uncertainties. Refers to environmental
issues in the product chain (Dwivedi and Butcher 2009)
and it also is defined as a lack of information with respect

Table 1. Identification of research factors and sub-factors.

source Information System Inc

Sub-factors

(RISI)'S Wood Biomass Markets Factor

report (2010), wood pallet manu-

facturers in the U.S. are currently Environmental
competing for wood fiber due to Uncertainties (Dwivedi
the subsidy given to alternative and Butcher 2009)

energy markets by the Biomass
Crop Assistance Program
(BCAP), leading to greater de-
mand for low-grade lumber.

Given the necessary factors
for SCM implementation and
raw material consumption, the
objective of this research is to
identify SCM success factors and
their relationships in the wood
pallet industry in order to devel-
op and implement better SCM
practices. The goal of SCM is to
integrate entire processes along
the supply chain to satisfy cus-
tomer needs and in order to fully
understand how these processes
can be improved is necessary to
understand the factors affecting
those processes. To accomplish
this objective, a theoretical
framework was developed based
on previous research and a litera-
ture review. The framework was
tested through the application of
a survey of wood pallet manufac-
turers and different statistical
tests were conducted to validate
the data and to test a set of pro-
posed hypotheses.

e Company environment (Wu 2006, Ambrose et al. 2010,
Chen et al. 2004)

e  Government support (Quayle 2006)

e  Uncertainty aspects from overseas (Bized 2007, Wu
20006)

Information Technology
(Simchi-Levi et al. 2003)

e Communication tools (Bowersox et al. 2007, O'Neill
2008, Tan et al. 1998)
e Planning tools (Bowersox et al. 2007)

Supply Chain
Relationship
(Hines 2004)

e Relationship with suppliers (Hines 2004, Li et al. 2005)
e Relationship with customers (Burgess 1998, Hoek 1999,
Fraza 2000)

Value-Added Process
(Manufacturing)
(Bowersox et al. 2007)

e  Flexibility (Bowersox et al. 2007)
e  Production system (Bowersox et al. 2007, Juran 1988,
Quesada and Meneses 2010)

e  Quality (Dramm undated, Bowersox et al. 2007, Juran
1988)

Supply Chain

Management

Performance
(Simchi-Levi et al. 2003)

e Logistic issues (Bowersox et al. 2007, McGinnis et al.
2010)

e  Supplier markets (Yushan and Cavusgil 2006, Eltant-
awy 2005)

e  Supplier performance (Steward et al. 2010)

e  Wood pallet materials (Lockamy and McCormack
2010, Canbolat et al. 2008)

Business Management
(Ford and Mouzas 2010)

e  Process strategy (Thomas et al. 2008, Sultan 2006)

e  Process performance (Pakdil 2010, Varadarajan 2010,
Rust et al. 2004)

e  Product innovation (Verhees and Meulenberg 2004,
Meeus and Oerlemans 2000, Organization for Economic
Cooperation and Development 2005, Schramm 2008)

Customer Satisfaction
(Bowersox et al. 2007)

e Customer service (Handfield and Nichols 1999, Lambert
and Cooper 2000)
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to the external environment. It could be obtained by in-
tegrating the perceived dynamism and complexity of the
environmental variables (Yanes-Estévez et al. 2010).

b) Information Technology. Includes the internal and exter-
nal systems to facilitate information transfer among the
actors in the supply chain (Simchi-Levi et al. 2003).

¢) Supply Chain Relationship. The level of trust, mutual
benefits, and achievement of goals between trading part-
ners (Hines 2004).

d) Value-Added Process (Manufacturing). Adding manu-
facturing or service steps to a commodity product in
which the customer perceives as increasing its value
(Bowersox et al. 2007).

e) Supply Chain Management Performance. Operational
excellence to deliver leading customer experience
(Simchi-Levi et al. 2003).

f) Business Management. It is “the process of managing
networking between companies” (Ford and Mouzas
2010).

g) Customer Satisfaction. It is defined as expectancy dis-
confirmation (Bowersox et al. 2007).

A literature review and Li’s framework were used to
define sub-factors within each factor (Table 1) and to identi-
fy the interrelationships among the factors as shown in Fig-
ure 1. It was found from the literature that information tech-
nology (IT) and business management (BM) factors might be
correlated with the value added process factor. Factors such

Figure 1. Proposed research framework.

Information Technology
(IT)

-Communicationtools
-Planning tools

Business Management

= Process strategy

as environmental uncertainties and value-added processes
might be correlated with SCM relationships. Finally, SCM
relationships might impact SCM performance and customer
satisfaction factors.

In order to hypothesize the directions (positive or nega-
tive) of the interrelationships in Figure 1, an additional litera-
ture review was conducted. Results indicate that the factor
value- added process (manufacturing) (VAPM) positively
affected by factors business management (BM) and infor-
mation technology (IT). Also, it was found that the supply
chain relationship (SCR) factor is positively affected by the
factors of environmental uncertainties (EU) and the VAPM.
Lastly, the factors of customer satisfaction (CS) and supply
chain management performance (SCMP) are both positively
affected by the factor supply chain relationship (SCR). Table
2 includes the dependent and independent variables to be test-
ed for each case and also the cited literature where the direc-
tion of the relationship was found.

Methodology

To collect the necessary data to evaluate the research
framework in Figure 1, a questionnaire was developed using
as input the proposed research framework, a telephone inter-
view, the previous literature review, and expert opinions. The
research instrument consisted of three sections: (1) general
demographic information, (2) volumes, types, and species of
imported and domestic wood pallets, and (3) supply chain
management factors. Section 3 included the questions that are
relevant for the research presented in this paper.

Environmental
Uncertainties
- Company environment
- Suppliers and
competition
- Uncertainty aspects
from overseas

H4 (+
H1(+) H2(+) ()
Y
Value-Added Process SCM Relationship 2EM Eexfarmance
(Manufacturing) H3 (+) |- Relationship with _
- Flexibility s H6 (+)| - Logisticissues
— - Production system - Relationship with » - Supplier performance
- Quality S — -Domestic wood pallet
materials
-Imported wood pallet
materials
H5 (+)
Y
Customer Satisfaction
- Customer service
JOURNAL OF FOREST PRODUCTS BUSINESS RESEARCH VOL. 8, ARTICLE NO. 3 3



Table 2. List of hypothesis and specific literature that supports the framework.

Hypothesis | Independent Variable [ Dependent Variable Literature cited
Business Management | Value-Added Process Terblanche (2006), Ford
H, (BM) (Manufacturing) and Mouzas (2010), and
(VAPM) Huber and Pallas (2006)
Information Technolo- Value—Addeq Process Simchi-Levi et al. (2003),
H, (IT) (Manufacturing) and Patterson et al.( 2003)
& (VAPM) :
Value-Added Process Supoly Chain Rela- Jones and Womack (2002),
H; (Manufacturing) tioi S h}i, (SCR) Bowersox et al. 2007and
(VAPM) P Lambert and Cooper (2000)
Dwivedi and Butcher
H Environmental Uncer- | Supply Chain Rela- (2009), Yanes-Estévez et
4 tainties (EU) tionship (SCR) al. (2010), Lee et al. 2009,
and Sun et al. (2009)
Supply Chain Rela- Customer Satisfaction Hines (2004), Bowe.rsox ot
Hs tionship (SCR) (CS) al. (2007), and Sheridan
P (1998)
Supply Chain Rela- Supply Chain Manage- | Hines (2004), Bowe.rsox et
He tionship (SCR) ment Performance al. (2007), and Sheridan
P (SCMP) (1998)

zero for non-respondents
(Dalecki et al. 1993, Etter
and Perneger 1997b,
Lahaut et al. 2003). Three
company characteristics
were selected for the non-
response bias analysis:
number of employees,
revenue, and pallet pro-
duction output.

Once the questionnaires
were returned, Cronbach’s
alpha, Pearson correla-
tions, principal compo-
nents analysis, analysis of
variance (ANOVA), and
multiple-regression analy-
sis were used for simplifi-
cation and analysis of the
data. Similar procedures
were used by Lee (2009D),
Li (2002), Li et al. (2005)
and Quesada and Meneses

A balanced-five point Likert scale was used to capture
the perceptions of the surveyed companies on each of the
formulated sub-factors. The scale was designed as an equally
-spaced scale in order to be able to run parametric statistical
analysis (Knapp 1990, Blaikie 2003). Each sub-factor was
formed by a list of questions or items. The first version of the
questionnaire was reviewed by academic and industry ex-
perts. Their feedback was used to improve the questions,
eliminate redundancies and errors, and include some other
questions or items that were considered appropriate to the
objective of the research. A second version was pre-tested
among some industry personnel to further improve the ques-
tionnaire. A pre-test is an indispensable part of the research
process when carrying out research (Hunt et al. 1982,
Churchill 1979, Dillman 2000) to find potential inconsisten-
cies or errors, questions that need clarifications, and get ex-
perts’ feedback to improve the research instrument. The
questions used to capture the data for the SCM factor analy-
sis are shown in the Appendix section.

In the fall of 2010, questionnaires were mailed to com-
panies accompanied by a cover letter explaining the purpose
of the survey and the potential benefits for the industry. The
questionnaire contained a prepaid return postage code. Two
questionnaires were mailed to 1,500 wood pallet manufactur-
ers, with a four-week separation between each mailing
(Cossio 2007, Dillman 2000). After the second mailing, a
non-respondent bias assessment was conducted. The purpose
of the non-response bias was to determine if there were sig-
nificant differences between respondents and non-
respondents. The methodology for the non-response bias was
to compare early and late respondents. This practice is based
on the assumption that there is a continuum in the likelihood
to return a questionnaire from high for early respondents, to
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(2010). According to Nun-

naly and Durham (1975),
Cronbach’s alpha is frequently used as an estimation of the
reliability of a multi-item measure. It also allows the measure
of internal consistency, meaning the level at which items in the
measurement are interrelated. It evaluates the reliability of the
scale, and it could improve the scale reliability by eliminating
one or more items. A Cronbach’s alpha lower than 0.60 indi-
cates poor reliability, values between 0.6 and 0.7 are accepta-
ble (DeVellis 2003), and values equal to or higher than 0.70
indicate good scale reliability.

Exploratory factor analysis (EFA) is the mathematical
model of relations of variables “to discover and to identify the
latent common factor variables” (Mulaik 1987, and Suhr 2005)
and as a reduction technique (Van-Aken 2007, Creighton et al.
1997). Stevens (2002) recommends the interpretation of abso-
lute value of factor loadings greater than 0.4. This research
was focused on using factor loadings greater than or equal to
0.45. Principal components analysis was used as the extraction
method and an orthogonal rotation (Varimax) was employed to
better distinguish the items within the factor loadings and
among factors (Field and Miles 2010). In the same procedure,
factor scores were calculated for further analysis. According to
DiStefano, Zhu, and Mindrila (2009), factor scores can be cal-
culated by using the method of sum scores by factor, this
method allows researchers to obtain average scores which can
be used in posterior analysis.

Once the factor scores are calculated, they will serve as
input data for regression analysis. Regression analysis was
used to validate the proposed model. Pearson (r) correlation
analysis was carried out to explore the strength of the relation-
ship between the factors. The scale for coefficients ranged
from -1 to 1. The closer the coefficient is to one, the stronger
the relationship between the variables (Younger 1979). After
determining the magnitude and direction of the relationship,
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regression analysis was used to describe and assess the rela-
tionship between the dependent variable and one or more
independent variables (Chatterjee 2006). A general linear
model was used for the multiple regression models, where
the response Y is related to a set of qualitative independent
variables The general linear model has the following struc-
ture (Ott 2001): Y =By + B X] + ByXp +........ + BrXk + &

Results

Response Rate

Out of the 1,500 questionnaires that were sent to wood
pallet manufacturer firms in the U.S., 249 questionnaires
were returned. Of those returned, 41 were questionnaires
delivered to wrong addresses, 5 were out of business, and 1
was declined. Therefore, 202 questionnaires were considered
in good shape for further analysis, a 13.5% response rate.

Results from the non-response bias assessment appear to
show that larger companies were more likely to respond to
this survey indicating that the conclusions from this study
might only apply to medium-sized and large companies. A
similar non-response bias test analysis was performed by
Cumbo (2000).

Table 2. List of hypothesis and specific literature that supports the framework.

Construct Analysis and Simplification

The subject’s aggregate responses validated the three
design sub-factors in the environmental uncertainty factor,
which were named “company environment,” “suppliers and
competition,” and “uncertainty aspects from overseas.” Simi-
lar results were found by Lee et al. (2009) in the electronics
sector and also by Paulraj and Chen (2007). However, two
items were deleted for further analysis due to their low inter-
nal reliability scores (See Table 3). In the information tech-
nology factor, the two designed sub-factors (“communication
tools” and “planning tools” with Eigenvalues 2.35 and 2.32,
respectively) were retained. Eigenvalues (the variance of the
factors in a standardized format, see Suhr 2005) are used to
retain the latent factors if they are greater than 1. Similar re-
sults were obtained for the factor “supply chain relationships”
where the two designed factors were retained for further anal-
ysis. This is similar to findings from Byoung-Chun, Yang-
Kyu, and Sungbin (2011) who described that developing stra-
tegic relationships will lead to an improvement in the compet-
itive advantage and organizational performance of the compa-
ny.

Results also revealed the existence of the sub-factors
“flexibility,” “production system,” and “quality,” as part of
the manufacturing value-
added process factor. Their

respective Eigenvalues were

Final Final Initial | Final 3.4 (flexibility), 2.8
Cronbach factor # of # of (production system), and 2.1
Construct Sub-factors Coefficient loads items items (quality). However, in the
Company environment 0.613 2.218 7 5 case of the supplier change
Environmental Government management performance
S support 0.649 1.891 2 2 factor, one sub-factor had to
Uncertainties - .
Uncertainty aspects from be deleted (supplier market)
overseas 0.628 1.513 3 2 for further analysis due to its
Information | Communication tools 0.759 2.358 4 4 low internal reliability score
Technology | Planning tools 0.854 2323 3 3 (0.226). Also, in this factor,
| Relationship with suppliers 0.838 3.600 8 7 the proposed factor “wood
Supply Chain Relationship with custom- pallet materials” was divided
Relationships clationsiip with custom into two variables
<L 0.809 2.645 2 2 (“domestic” and “imported
Value-Added F lex1b11¥ty 0.768 3.449 4 5 wood pallet materials™) as
Processes Prodgctlon system 0.725 2.852 6 6 indicated by the respondents.
Quality 0.698 2.105 4 3 Similar results were ob-
Logistic issues 0.709 1616 4 2 tained in the factor “business
Supplier markets 0.226 NA 4 0 management” where the sub
Suppliers performance 0.686 4.574 5 5 -factors “process perfor-
Supply Chain Imported mance,” “marketing strate-
Management wood pallet 0.808 3.422 13 5 gy,” and “innovations” had
Performance Wood materials to be deleted due to their low
pallet. 1 Domestic internal reliability scores
materials - ood pallet 1.616 3 (0.437,0.530 and 0.484,
materials respectively). Finally, the
Process strategy 0.702 1.541 2 2 analysis conﬁmed .the
Business Process performance 0.437 NA 2 0 “customer satisfaction” fac-
Management Marketing strategy 0.530 NA 9 0 tor as it was proposed.
Innovations 0.484 NA 2 0
Customer
satisfaction Customer service 0.870 3.657 6 6
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Hypothesis Testing
To carry out the regression, each latent factor was con-
sidered and was constructed by one or more sub-factors, as
previously demonstrated. Then, the average weight of each
sub-factor score was used as the data input to test the signifi-
cance of the regression coefficients (DiStefano et al., 2009).
Moderate to higher values were found in the Pearson corre-
lations between factors as shown in Table 4. In all cases, the
direction of the correlation is positive, meaning that the in-
crease of the independent variable will increase the depend-
ent variable. The lowest correlation magnitude was found
between the factor Supply Chain Relationship (SCR) and

Supply Chain Management Performance (SCMP) with

0.392. Based on Stockwell (2008) guidelines for determin-
ing correlation between two variables, it will be considered
as moderated any correlation values above 0.30 suggesting

that further examination is needed.

Using the general linear model shown in Equation 1
above, multiple linear regression was used to test for hypoth-
eses significance. For all hypothesis tests, a level of signifi-
cance of 1% was used. In all cases, both the models and the
parameter estimations were found to be significant or ade-

quate as can be seen from Table 4.

Table 3. Hypothesis testing summary.

Discussion and Conclusions
This research was a first step to characterize the supply
chain success factors in the wood pallet industry. The SCM
framework was developed based on a predefined framework
and adjusted with other available literature review on SCM. It
was found that defining factors and sub-factors from the liter-
ature review was not an easy task because of the lack of clear
definitions in the literature. However, using the SCM frame-
work proposed by Li (2000) it was possible to identify an
appropriate empirical SCM framework for wood pallet indus-
tries. The main SCM factors in the framework were defined
from a literature review as “Business Management,”
“Information Technology,” “Manufacturing Value-Added
Process,” “Customer Satisfaction,” “Environmental Uncer-
tainties,” “Supply Chain Relationship,” and “Supply Chain
Management Performance.” To test the framework, a survey
of U.S. wood pallet manufacturers was conducted, with a
sample size of 1,500 and a response rate of 13.5%. The pro-
posed SCM framework was validated and tested through the
use of statistic tools, such as Cronbach’s alpha, and explora-
tory factor analysis (for factor structure and data reduction).
Correlations among factors were also calculated, and those
with high Pearson correlations (around 0.4 or higher) were
subjected to hypothesis testing through the use of ANOVA to
test for significance. The
latter indicated that the

Hvpothesis | 'ndependent Dependent Pearson Model Parameter | Proposed regression mod-
yp Variable Variable Correlation | adequacy | adequacy els were all adequate, as
well as their estimators.
Value-Added The trends in these results
Business Man- Process _ BM compare to previous re-
HI agement (BM) | (Manufacturing) 0.432 V?)PIXI B p=0.0062 search found in the litera-
(VAPM) b B?M N ture (Li 2002, Lee 2009).
i Value-Added bIIT + It is important to also clar-
Info;ma;tlon Process <20 000é1 IT ify that results of this re-
H2 Tec ;1,1(,) o8y (Manufacturing) 0.556 P p<0.0001 search apply only to medi-
(IT) (VAPM) um and large companies
Value-Added given the results of the
Process Supply Chain VAPM non-response bias test.
H3 . Relationship 0.524 SCR = b, It was found that environ-
(Manufacturing) p<0.0001 S
(VAPM) (SCR) + mental uncertainties di-
b, VAPM rectly affect supply chain
] ) +b,EU + relationships, and as a
Environmental Supply Chain £ consequence, indirectly
H4 Uncertainties Relationship 0.468 p<0.0001 p<0.0001 affect supply chain man-
(EU) (SCR) agement performance.
Results indicated that
_ there are relatively strong
Supply Chain CS=by+ associations between sup-
PP’y ha Customer Satis- b;SCR + SCR . . fl Sup
HS5 Relationship . 0.607 ply chain relationships and
faction (CS) & p<0.0001 . .
(SCR) <0.0001 customer satisfaction
p=Y. (Pearson coefficient of
. SCMP = 0.61). ThlS also.has been
. Supply Chain asserted in the literature
Supply Chain by +
; . Management SCR by several authors. For
H6 Relationship 0.392 b;SCR + B
SCR Performance p=0.0064 example, Fynes et al.
(SCR) (SCMP) ot0e (2005) found an associa-
. tion between the quality of
JOURNAL OF FOREST PRODUCTS BUSINESS RESEARCH VOL. 8, ARTICLE NO. 3 6



supply chain relationships and customer satisfaction, chief-
ly through the improvement of conformance and design
quality. Improved customer satisfaction through supply
chain collaboration can originate from several sources. For
example, customer satisfaction is more likely to occur if
they are more actively involved in the product development
process or when defining order specifications (e.g.,
sawmills developing “custom grades” specific for pallets).
Another way in which collaboration leads to customer sat-
isfaction is when an industrial customer (e.g., pallet manu-
facturer) actively participates in improving the supplier’s
(sawmill) internal processes (e.g., sharing improvement
methodologies or even sharing costs of improvement pro-
grams).

Results also indicated that information technology and
the manufacturing value-added factors were positively cor-
related (Pearson coefficient of 0.56). Information technolo-
gy can be a powerful tool when reducing inventory (non-
value adding) and improving supply chain responsiveness
(value-adding). Sanders and Premus (2005) proved that a
positive relationship between information technology capa-
bility and collaboration and company performance exists,
as measured by cost reduction and time performance im-
provement, to list a few items.

Finally, the manufacturing value-added process and
supply chain relationships (Pearson coefficient of 0.52)
were found to be correlated. Research supports that infor-
mation sharing helps reduce wasteful activities, improved
material flows, and reduced inventories (Stiess, 2010).
Wikner et al. (1991) demonstrated that high-levels of infor-
mation sharing result in reduced “demand variability,”
which is directly related to unnecessary inventory levels
throughout the supply chain.

Implications for Business

This research can assist U.S. wood pallet manufactur-
ers gain a better understanding of their supply chain man-
agement practices. The findings provide a theoretical
framework for supply chain management in the wood pallet
industry by measuring and studying seven key factors Man-
ufacturers might achieve improvements in supply chain
performance through the effective management of these
critical factors identified. Industry support organizations
can use the results from this research to design better tech-
nical assistance and educational programs for the wooden
pallet-manufacturing sector.

Manufacturers should consider focusing on the effec-
tive management of value-added processes (i.e., manufac-
turing) since it was demonstrated that it directly affects
supply chain relationships, and as a consequence, supply
chain management performance. Wood pallet manufactur-
ers should understand how critical it is to communicate,
and to plan jointly with suppliers, thereby giving more con-
sideration and credence to the supply chain relationships.
Thus, through the understanding of the significance of this
concept they are attaining a high level of customer satisfac-
tion. Practitioners should conceptualize information flow in
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a coordinated manner, such as access to information and
data interchange to improve customer and supplier relation-
ship. This leads to the identification of information technol-
ogy as a potential field for improvement. The methodology
used in this research was demonstrated to be useful and can
be utilized as a basis for future research in the study of sup-
ply chains.

Wood pallet manufacturers should understand that
changes in customer demand occur quickly, and that the
globalization of markets and changing technologies require
companies to focus their efforts on improving competitive-
ness through attempting to meet customer satisfaction needs
by adding more value to their products, processes and ser-
vices. Also, producers should take into account the imple-
mentation of process strategies that will improve manufac-
turing performance and SCM performance.

Limitations of the Research

The non-response bias assessment indicated that very
small companies were less likely to answer this survey.
Therefore, the conclusions and recommendations may ap-
ply only to medium and large-sized companies. Also, this
research did not include customers’ perceptions, only the
responses of wood pallet manufacturers.

As in all mail surveys, limitations apply to the results
obtained from this study. Importantly, respondents’ answers
may not necessarily reflect the perspectives of other manag-
ers within the company or industry sector. Most of the re-
sults from this survey reflect company activity during 2009,
when U.S. manufacturing output was at its lowest as a re-
sult of the recession that started in 2007, as measured by
value of shipments. Therefore, the results of this research
may reflect a considerable decline in economic activity for
respondents’ businesses and responses may have been in-
fluenced by the economy.

Future Research

By summarizing and considering the observations of
the previous sections, recommendations for future research
are presented.

® As importers from other countries (except Canada)
demonstrated a certain level of participation in the mar-
ket, it might be valuable to conduct research in those
countries to identify opportunities to import or export
more quantities and varieties of wood species.

® A research focus on the benefits gained from measur-
ing the performance of SCM in a typical wood pallet
value stream.

® This research focused on the experience and insights
from the wood pallet manufacturers’ perspectives,
meaning that the scope was limited. A nationwide sur-
vey directed to customers and suppliers could be ap-
plied to gain a broader understanding of the supply
chain, from both sides.

VOL. 8, ARTICLE NO. 3 7



References

Ambrose, E., Marshall, D., and Lynch, D. 2010. Buyer sup-
plier perspectives on supply chain relationships. Interna-
tional Journal of Operations & Production Manage-
ment. 30(12):1269-1290.

Bized. 2007. Global Factors Influencing Business Strategy.
Available from http://www.bized.co.uk/educators/16-19/
business/external/lesson/globall.htm. [accessed Decem-
ber 15,2011].

Blaikie, N. 2003. Analysing Quantitative Data. London, UK:
Sage Publications, Inc.

Bowersox, D.J., Closs, D.J., and Cooper, M.B. 2007. Supply
Chain Logistics Management. New York, NY: McGraw
-Hill/Irwin. pp. 66-91.

Byoung-Chun, H., Yang-Kyu, P., and Sungbin C. 2011. Sup-
pliers' affective trust and trust in competency in buyers.
International Journal of Operations & Production Man-
agement. 31(56):56-77.

Canbolat, Y., Gupta, G., Matera, S., and Chelst, K. 2008.
Analysing risk in sourcing design and manufacture of
components and sub-systems to emerging markets. /n-
ternational Journal of Production Research. 46
(18):5145-5165.

Chatterjee, S., 2006. Regression analysis by example. 4™ ed.
Hoboken, N.J: Wiley-Interscience. pp. 63-22.

Chen, 1.J., Paulraj, A., and Lado, A.A. 2004. Strategic pur-
chasing, supply management, and firm performance.
Journal of Operations Management. 22(6):505-523.

Creighton, T., Coleman, D., and Adams, R. 1997. Using
symbolic-logic matrices to improve confirmatory analy-
sis techniques. Resources in Education (RIE), August.
(ERIC Document Reproduction Service No. ED 413
358).

Cossio, A.V.H. 2007. Introducing lesser-known wood spe-
cies from certified forests in Bolivia to the U.S. market.
University Libraries, Virginia Polytechnic Institute and
State University. Master's thesis. Blacksburg, VA.

Cumbo, D.W. 2000. Adoption of scanning technology in the
secondary wood products industry. University Libraries,
Virginia Polytechnic Institute and State University. Mas-
ter's thesis. Blacksburg, VA.

D'Amours, S., Ronnqvist, M., and Weintraub, A. 2008. Us-
ing Operational Research for Supply Chain Planning in
the Forest Products Industry. INFOR. 46:265.

Dalecki, M.G., Whitehead, J.C., and Blomquist, G.C. 1993.
Sample Non-response Bias and Aggregate Benefits in
Contingent Valuation: An Examination of Early, Late
and Non-respondents. Journal of Environmental Man-
agement. 38(2):133-143.

Das, K. 2011. Integrating effective flexibility measures into a
strategic supply chain planning model. European Jour-
nal of Operational Research. 211(1):170-183.

DeVellis, R.F. 2003. Scale development: theory and applica-
tions. 2™ ed. Newbury Park, CA: Sage Publications, Inc.
pp. 27-58.

Dillman, D.A. 2000. Mail and Internet Surveys: The Tailored
Design Method. New York, NY: John Wiley & Sons,
Inc. pp. 149-193.

JOURNAL OF FOREST PRODUCTS BUSINESS RESEARCH

DiStefano, C., Zhu, M., and Mindrila, D. 2009. Understand-
ing and Using Factor Scores: Considerations for the Ap-
plied Researcher. Practical Assessment, Research & Eval-
uation. Peer-reviewed Online Journal. 14(20): Available
from http://pareonline.net/pdf/v14n20.pdf [accessed De-
cember, 16, 2011].

Dramm, J. 2000. Results-Driven Approach to Improving
Quality and Productivity. Wood Technology Clinic and
Show Conference. Portland, OR. March 15-17. Available
from http://www.fpl.fs.fed.us/documnts/pdf2000/
drammO0d.pdf [accessed December 15, 2011].

Dwivedi, A. and Butcher, T. 2009. Supply Chain Manage-
ment and Knowledge Management. Integrating Critical
Perspectives in Theory and Practice. Basingstoke, UK:
Palgrave Macmillan. pp. 288-306.

Eltantawy, R.A. 2005. The impact of strategic skills on supply
management performance: A resource-based view. Doc-
toral dissertation. The Florida State University. Tallahas-
see, FL. 104.

Espinoza, O. 2009. Quality measurement in the wood prod-
ucts supply chain. Doctoral dissertation. University Librar-
ies, Virginia Polytechnic Institute and State University.
Blacksburg, VA.

Etter, J.F., and Perneger T. 1997. Analysis of non-response
bias in a mailed health survey. Journal of Clinical Epide-
miology. 50(10):1123-1128.

Field, A.P., and Miles, J. 2010. Discovering statistics using
SAS: And sex and drugs and rock 'n' roll). Los Angeles,
CA: Sage Publications, Inc. pp. 541-593.

Ford, D., and Mouzas S. 2010. Networking under uncertainty:
Concepts and research agenda. Industrial Marketing Man-
agement. 39(6):956-962.

Fraza, V. 2000. SCM for small distributors. Industrial Distri-
bution. 89(9):81-85.

Fynes, B., Voss, C., and Burca, S.D. 2005. The impact of sup-
ply chain relationship quality on quality performance. /n-
ternational Journal of Production Economics. 96(3):339-
354.

Handfield, R.B., and Nichols, E.L.J. 1999. Introduction to
Supply Chain Management. Upper Saddle River, NJ:
Prentice Hall, Inc.

Hines, T. 2004. Supply Chain Strategies. Burlington, MA:
Elsevier Butterworth-Heinemann. pp. 163-189.

Hoek, R.I.V. 1999. Postponement and the reconfiguration
challenge for food supply chains. Supply Chain Manage-
ment. 4(1):18.

Huber, M., and Pallas, M. 2006. Customising stakeholder
management strategies concepts for long-term business
success. Berlin, Germany: Springer-Verlag. pp. 125-134.

Jones, D., and Womack, J. 2002. Seeing the Whole-Mapping
the Extended Value Stream. Brookline, MA: The Lean
Enterprise Institute. pp. 3-5.

Juran, J.M. Managing for Quality. 1988. The Journal for
Quality and Participation. 11(1):8-12.

Knapp, T.R. 1990. Treating ordinal scales as interval scales:
an attempt to resolve the controversy. Nursing Research.
39(2):121-123.

VOL. 8, ARTICLE NO. 3 8



Lambert, D.M.,and Cooper, M.C. 2000. Issues in supply
chain management. Industrial Marketing Management.
29(1):65-83.

Lahaut, V.M.H.C.J., Jansen, H.A.M., van de Mheen, D.,
Garretsen, H.F.L., Verdurmen, J.E.E., and van Dijk, A.
2003. Estimating Non-Response Bias in a Survey on
Alcohol Consumption: Comparison of Response
Waves. Alcohol and Alcoholism. 38(2):128-134.

Lee, J., Palekar, U., and, Qualls, W. 2011. Supply chain effi-
ciency and security: Coordination for collaborative in-
vestment in technology. European Journal of Opera-
tional Research. 210(3):568-578.

Lee, P., Yeung, A., and Cheng T. 2009. Supplier alliances
and environmental uncertainty: An empirical study.
International Journal of Production Economics. 120
(1):190-204.

Lee, S.S. 2009b. Exploratory study of the impact of infor-
mation and communication technology (ICT)-based
features in conference center selection/recommendation
by meeting planners. Available from http://
scholar.lib.vt.edu/theses/available/etd-05212009-
000721/ [accessed May 2010].

Li, S. 2002. An Integrated Model for Supply Chain Manage-
ment Practice, Performance and Competitive Ad-
vantage. In Manufacturing Management. Doctoral dis-
sertation. The University of Toledo. Toledo, OH. 266 p.

Li, S., Rao, S.S., Ragu-Nathan, T.S., and Ragu-Nathan, B.
2005. Development and validation of a measurement
instrument for studying supply chain management prac-
tices. Journal of Operations Management. 23(6):618-
641.

Lockamy III, A., and McCormack, K. 2010. Analysing risks
in supply networks to facilitate outsourcing decisions.
International Journal of Production Research. 48
(2):593-611.

McGinnis, M., Kohn, J., and Spillan, J. 2010. A longitudinal
study of logistics strategy: 1990-2008. Journal of Busi-
ness Logistics. 31(1):217-235.

Meeus, M.T.H., and Oerlemans, L.A.G. 2000. Firm behav-
iour and innovative performance An empirical explora-
tion of the selection-adaptive debate. Research Policy.
29(1):41-58.

Merschmann, U., and Thonemann, U. 2011. Supply chain
flexibility, uncertainty and firm performance: An em-
pirical analysis of German manufacturing firms. Inter-
national Journal of Production Economics. 130(1):43-
53.

Mulaik, S. 1987. A Brief History of the Philosophical Foun-
dations of Exploratory Factor Analysis. Multivariate
Behavioral Research. 22(3): 267-305.

Nunnally, J.C., and Durham, R.L. 1975. Validity, reliability,
and special problems of measurement in evaluation
research. In E.L. Struening & M. Guttentag (Eds.),
Handbook of evaluation research. Beverly Hills, CA:
Sage Publications., Inc.

O'Neill G. (2008, December 8). Design engineering-
managing technology: Shared logic. The Engineer, 36.

JOURNAL OF FOREST PRODUCTS BUSINESS RESEARCH

Organization for Economic Co-Operation and Development.
2005. Oslo Manual: Guidelines For Collecting And Inter-
preting Innovation Data. Available from http:/
www.oecd.org/document [accessed March 2011].

Ott, L. 2001. An introduction to statistical methods and data
analysis. 5th ed. edn. Australia. Pacific Grove, CA:
Duxbury/Thomson Learning.

Pakdil, F. 2010. The Effects of TQM on Corporate Perfor-
mance. The Business Review, Cambridge. 15(1):242-248.

Patterson, K.A., Grimm, C.M., and Corsi, T.M. 2003. Adopt-
ing new technologies for supply chain management.
Transportation Research. Part E, Logistics & Transpor-
tation Review. 39(2):95-121.

Paulraj, A., and Chen, J.I. 2007. Environmental Uncertainty
and Strategic Supply Management: A Resource Depend-
ence Perspective and Performance Implications. Journal
of Supply Chain Management. 43(3):29-42.

Quayle, M. 2006. Purchasing and Supply Chain Management.
Hershey, PA: Idea Group Publishing. pp. 138-155.

Quesada, H., and Meneses, M. 2010. Determinacion de un
Modelo de Negocios para Apoyar el Desarrollo de la
Pequefia y Mediana Empresa Basado en Casos de Exito
(Determination of a Business Model to Support Small
and Medium Enterprises based on Success Stories). Re-
search report. Vicerrectoria de Investigacion Direccion de
Proyectos. Instituto Tecnologico de Costa Rica. Cartago,
Costa Rica. pp. 40-62.

RISI Inc. 2010. RISI's Wood Biomass Market Report cited in
Pallet Enterprise article on BCAP. Available from http://
www.woodbiomass.com/woodbiomass/news/North-
America/Wood-Energy/RISI-Wood-Biomass-Market-
Report-Pallet-Enterprise-BCAP.html [accessed Decem-
ber 15,2011].

Rosenzweig, E. D., Roth, A.V., and Dean J.W. 2003. The
influence of an integration strategy on competitive capa-
bilities and business performance: An exploratory study
of consumer products manufacturers. Journal of Opera-
tions Management. 21(4):437.

Rust, R.T., Lemon, K.N., and Zeithaml, V.A. 2004. Return on
Marketing: Using Customer Equity to Focus Marketing
Strategy. Journal of Marketing. 68(1):109-127.

Sanders, N.R., and Premus, R. 2005. Modeling the Relation-
ship Betwee Firm IT Capability, Collaboration, and Per-
formance. Journal of Business Logistics. 26(1):1-23.

Supply Chain Council (SCC). 2010. Supply Chain Operations
Reference (SCOR) model Overview. Available from
www.supply-chain.org [accessed November 2011].

Schramm, C. 2008. Innovation Measurement: Tracking the
State of Innovation in the American Economy. A report
to the Secretary of Commerce by The Advisory Commit-
tee on Measuring Innovation in the 21st Century Econo-
my. Kauffman Foundation. Available from http://
www.esa.doc.gov/sites/default/files/reports/documents/
innovation_measurement 01-08.pdf [accessed December
15,2011].

Sheridan, J.H. 1998. The supply-chain paradox. Industry

Week. 247:20.

VOL. 8, ARTICLE NO. 3 9



Simchi-Levi, D., Kaminsky, P., and Simchi-Levi, E. Manag-
ing the Supply Chain. 2003. New York, NY: McGraw
Hill. pp. 243-289.

Stevens, G.C. 1990. Successful Supply-Chain Management.
Management Decision. 28(8):25.

Stevens, J. 2002. Applied multivariate statistics for the social
sciences. 4™ ed. Mahwah, NJ: Lawrence Erlbaum Asso-
ciates. Chapter 11.

Steward, D., Wu, Z., and Hartley, J. 2010. Exploring Supply
Managers' Intrapreneurial Ability and Relationship
Quality. Journal of Business to Business Marketing. 17
(2):127-148.

Stiess, T.S. 2010. Information sharing in the hardwood sup-
ply chain. Doctoral dissertation. Available from http://
scholar.lib.vt.edu/theses/available/etd-05312010-
070749/ [accessed December, 15 2010].

Stockwell, I. 2008. Introduction to Correlation and Regres-
sion Analysis. SAS Global Forum. Baltimore, MD.
Paper 364-2008. Available from http://www2.sas.com/
proceedings/forum2008/364-2008.pdf [accessed De-
cember, 15 2011].

Sultan, A.A. 2006. E-Business Management: Concepts and
Successful Factors. Available from http://ssrn.com/
abstract=898580 [accessed December, 15 2011].

Sun S.-Y., Hsu, M.-H., and Hwang, W.-J. 2009. The impact
of alignment between supply chain strategy and envi-
ronmental uncertainty on SCM performance. Supply
Chain Management. 14(3):201-212.

Suhr, D. 2005. Principal Component Analysis vs. Explorato-
ry Factor Analysis. 30 SUGI Conference. April 10-13.
Philadelphia, PA. Paper 203-30. Available from http://
www?2.sas.com/proceedings/sugi30/203-30.pdf
[accessed December, 15, 2011].

Tan, K.C., Kannan, V.R., and Handfield, R.B. 1998. Supply
chain management: Supplier performance and firm per-
formance. International Journal of Purchasing and
Materials Management. 34(3):2-9.

Terblanche, N.S. 2006. An application of the American cus-
tomer satisfaction index (ACSI) in the South African
motor vehicle industry. South African Journal of Busi-
ness Management. 37(4):29-38.

Thomas, A., Barton, R., and Byard, P. 2008. Developing a
Six Sigma maintenance model. Journal of Quality in
Maintenance Engineering. 14(3):262-271.

U.S. Census Bureau. 2010. Foreign Trade-Imports, Years
2000 to 2008. Available from http://www.census.gov/
foreign-trade/ [accessed December 15, 2011].

Van-Aken, E. 2007. Organizational Performance Measure-
ment. Class Materials. Virginia Polytechnic Institute
and State University. Blacksburg, VA.

Varadarajan, R. 2010. Strategic marketing and marketing
strategy: domain, definition, fundamental issues and
foundational premises. Journal of the Academy of Mar-
keting Science. 38(2):119.

Verhees, F.J.H.M., and Meulenberg, M.T.G. 2004. Market
Orientation, Innovativeness, Product Innovation, and

JOURNAL OF FOREST PRODUCTS BUSINESS RESEARCH

Performance in Small Firms. Journal of Small Business
Management. 42(2):134-154.

White, M. and Hamner, P. 2005. Pallets move the world: the
case for developing system-based designs for unit loads.
Forest Products Journal. 55(3):8-16.

Wikner, J., Towill, D.R., and Naim, M. 1991. Smoothing
Supply Chain Dynamics. International Journal of Pro-
duction Economics. 22(2):231-248.

Wu, Y. 2006. Robust optimization applied to uncertain pro-
duction loading problems with import quota limits under
the global supply chains management environment. /n-
ternational Journal of Production Research. 44(5):849-
882.

Yanes-Estévez V, Oreja-Rodriguez, J.R,. and Garcia-Pérez,
A.M. 2010. Perceived environmental uncertainty in the
agrifood supply chain. British Food Journal. 112(7):688
-709.

Younger, M.S.1979. Handbook for linear regression. North
Scituate, MA: Duxbury Press. pp. 21-30.

Yushan, Z., and Cavusgil, S.T. 2006. The effect of a supplier's
market orientation on manufacturer's trust. /ndustrial
Marketing Management. 35(4):405.

VOL. 8, ARTICLE NO. 3 10



Appendix: Designed Questions

18. From the list below indicate country of ongin if imperted. and the percantage of each species in your total raw
material input (e.g. Douglas-Fir from Canada, of the raw material mput) for the three most common wood

species that you normally use for manufacturing pallets.

Cou of origin Share of tofal raw matsrial
Spacies r'l:' g in; ks

QK (red or whiie)
Maple

Southem Ping
Dauglas-Fir
Hemiock-FIr

SRF [ Soruce-Ping-Firi
Yelow-Poplar

Red Alger

Radiata Pine
Eucalypius

Mixgd Harewooos
Others (piease specity)

F R F FE E O F K

F

Toial 104 W

SUPPLY CHAIN MANAGEMENT FACTORS

18. Rate the following factors regarding BUSINESS MANAGEMENT. Please circle your answers.

BUSINESS MANAGEMENT
1 I ] | 3 [ [} | ) | HiRk

4 5 NA

Inventony costs have been reduced In the Lagl 3 years 1 2 3 4 5 HNa
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Appendix: Designhed Questions Contd.

20 Raie the following factors regarding CUSTOMER SATISFACTION. Please cocle your answers.

21. Raie the following factors regarding SUFPPLY CHAIN RELATIONSHIP. Piease circle your answers._

SUPPLY CHAMN RELATIONSHIPS

Dur company recogrizes e loyafy of achual cusimers frequently 1.2 3 & 5 ma

22_ Rate the following factors regarding VALUE ADDED PROCESSES (MANUFACTURING). Please circie your

VALUE ADDED PROCESSES [MANUF ACTURING])
1 2 3 £ s
Disagres Undecided AgQree Strongly agree

mmm:uemamm’.mwmumueunauumm 1 2 3 4 5 wWm
Our company uses state of the art technoiogy In egquipment and machinery 1 2 3 4 5 mm
Our campany waorks io reduce production fime 1 2 3 4 5 mm

Our company makes use of special software for designing paliets 1 2 3 & 5 WM

Our employess (2 i levels] are frequenty raned and evalssied 12 3 4 5 WA
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Appendix: Designhed Questions Contd.

23 Rate the following factors regarding INFORMATION TECHNOLOGY. Please circle your answers,
INFORMATION TECHNOLOGY

Wie e an Inlemal compater netwom

1 2 3 4 5 MWA
DUr COMpany r2gUSS!s WoDd paNSt Matanas rom SUpEIErs Mrough ine Ineme 1 2 3 5
Cur company & alwaye Iraining persoaned in the use of Information echnoig les 1 2 3 4 5 Mw

24 Rate the following factors regarding the SUPPLY CHAIN MANAGEMENT PERFORMANCE. Please cirgle your

SUPPLY CHAIN MANAGEMENT PERFORMANCE

i 7 | ) [ Y [ 5 WA
STrongly disagie 539 : :

Our campany ANows what arders ane coming and when they are going 1o be delvered @ 3 4 5 Wi

Cur cOmMpany Drefers to work with domestic wood pallel malenals rather than iImponed ones 1 4 5 N

2 3
CIUF MUETOEr 0 BUPPIENS Mave INCTeased In Me I381 3 years - B d 5w

our suppllars gallver on time 1 2 3 4 5 WA

25. Rate the following factors regarding ENVIRONMENTAL UNCERTAINTIES. Please circée your answers.

EHVIRONMENTAL UNCERTAINTIES

Cur company trusis Its supgliers

1 2 3 4 5 W
Qur company s open to work with suppliers fram other countries 1. 2 3 4 &
mulhmmmMMMIHMHMMNrwpﬂm 1 2 3 4 E mwa

Cur company i Informed by the gowemment about Important aspecis thal can affect owr business 1 2 3 4 5 ma
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