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ABSTRACT

The warehousing industry is extremely importarttisinesses and the economy as a
whole, and while there is a great deal of literatexploring individual operations within
warehouses, such as warehouse layout and destlgr,cking, etc., there is very little
literature exploring warehouse operations fromsiesys approach.

This study uses the Theory of Constraints (TOQ)ewelop a focused resource
management approach to increasing warehouse capadithroughput, and thus overall
warehouse performance, in an environment of limtadehouse resources. While TOC was
originally developed for reducing operational bertegtcks in manufacturing, it has allowed
companies in other industries, such as bankinditheare, and the military, to save millions of
dollars (Watson et al., 2007; Polito et al., 20BGmorski et al., 1997; Gardiner et al., 1994;
Demmy and Petrini, 1992). However, the use of T@€ been limited to case studies and
individual situations, which typically are not geakzable. Since the basic steps of TOC are
iterative in nature and were not designed for spresearch, modifications to the original theory
are necessary in order to provide insight into stiduwide problems.

This study further develops TOC's logistics paradignd modifies it for use with survey
data, which was collected from a sample of warebonanagers. Additionally, it provides a
process for identifying potentially constrained kegrehouse resources, which served as a
foundation of this study. The findings of the stuwdnfirm that TOC’s methods of focused
resource capacity management and goods flow sahgdrdordination with supply chain
partners can be an important approach for warehmas@agers to use in overcoming resource

capacity constraints to increase warehouse perfucena
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CHAPTER |
INTRODUCTION

Importance of the study

The importance of this study stems from the impar¢éaof warehousing. Warehouses are
an integral part of the modern supply chain of@fas well as a major industry by itself. Thus,
warehousing can be looked at from the macroeconpergpective of the national economy and
the microeconomic perspective of a firm. The Naktherican Industry Classification System
(NAICS) groups establishments whose primary agtigtwarehousing and storage of goods into
the Warehousing and Storage subsector, NAICS c88g.4n 2013, there were approximately
16,000 establishments in this category, employp@imately 710,000 employees (Bureau of
Labor Statistics, 2014). Many more warehouses axaiary parts of companies that fall under
different NAICS codes based on their primary atggi

Private warehousing or purchased warehousing ssrae a part of logistics cost in
many industries. In 2012, the total cost of bussregistics in the United States was $1.33
trillion, 8.5% of the GDP. The total cost of warelstg was $130 billion, about 10% of the total
logistics costs (CSCMP’s Annual State of Logisteport, 2013). Two decades before, this
amount was close to $60 billion (Delaney, 1992)vidbsly, warehouses are an important and
growing part of the US economy.

In addition to the government statistics, the inigace of warehousing is also borne out
by recent academic research within the supply cimainagement domain. In an empirical study
using social network analysis of archival paneadat two decades, lyengar et al. (2012)

demonstrated that, “over time, logistics and wausitg have not only become more powerful,



but have gone from being peripheral activitieseémy increasingly central and important in the
larger economy” (p. 373).

Private (i.e., company-owned) warehouses were anmdelming part of the business
model throughout the end of the™2@entury (Maltz, 1994). They accounted for over 85l
domestic warehousing services in the early 199@8¢hde and Maltz, 1992; Maltz, 1994).
Traditionally, private warehouses were viewed @sskics cost centers (Murphy and Poist,
1992). Firms emphasized the facility and equipnsete of warehousing with little regard for
human resources and information technology (Muguiny Poist, 1992; Faber et al., 2002).
Private warehouse investment decisions were basadcombination of analysis (such as formal
capital budgeting) and intuition or just on intaiti(McGinnis et al., 1990). Outsourcing of
warehousing was not popular because third-partefvarses were perceived to be lacking on
the service side (Maltz, 1994).

However, since the 1990s, warehousing has gonaghriundamental changes driven by
rising costs of money and labor, rapid developneémechnology and information technology in
particular, fierce global competition and risingstamer expectations (Dadzie and Johnston,
1991; Raney and Walter, 1992; Faber et al, 2002reWWbuses have experienced a dramatic
increase in productivity and throughput rate, lesfehutomation, reliance on information
technology systems, expanded menus of servicespwag service quality, and reduction of
lead times and order processing costs (Dadzie @eimusfon, 1991; Stank et al., 1994; Faber et al,
2002). However, the most important changes wetleeastrategic level.

After the influential work of Porter (1985) on coetjive advantage of firms and
business strategies and its adaptation to warempbs McGinnis et al. (1987) and McGinnis

and Kohn (1988), warehousing started to be vieveeal jgart of a broader business strategy, both



in business and in research (Murphy and Poist, 199Ras been recognized that warehouses are
not merely cost centers but they are part of tieevereation chain and can contribute to the cost
leadership strategy through advantages in operatiaty and the differentiation strategy through
improved service quality (McGinnis and Kohn, 1988jrphy and Poist, 1992; Stank et al.,

1994).

In summary, warehousing has been getting highenprence in the US economy, in
business strategies of firms seeking competitiv@athge, and in academic research. Recent
academic literature has emphasized the need firefuresearch focusing on management of
warehouse processes as an integrated system (Rioonseat al., 2000; Gu et al., 2007) and on,
“identifying the antecedents and consequences aagexial performance in obtaining financial,
market, and logistics goals” (Stank et al., 20Thus, the importance of this study is established
by its addressing a matter of high economic sigaifce to the society and business community

and by answering the specific calls for acadenseaech.

Focus of the study

The primary role of warehouses is to serve as baffethe flow of inventory along the
supply chain (Baker, 2007; Gu et al., 2007). Dutimg 2f' century, total US business
inventories have been growing consistently andhea&2.269 trillion in 2012 (CSCMP, 2013).
The growth of inventories demands an increaseamtirehouse capacities. However, capacity
increases can only occur in much higher incremignats inventory changes and result in a
substantial cost. In 2012, the total logistics sastthe US and the total inventory carrying costs
grew by 3.4% and 4%, respectively, while the céstarehousing, a part of inventory carrying

costs, increased by 7.6% (CSCMP, 2013).



Just as volume of product flow through the suppigic has grown over the years, so has
its velocity, driven by the development of e-comoegiglobalization, quick response, value-
added activities and ever increasing consumer ¢éapeaacs (Ackerman, 1999; Frazell, 2002).
The cycle times from order to delivery for consumpeyducts have become particularly short.
Retailers involved in e-commerce, such as WalmadtAmazon, are paving the way for the
same-day delivery market (CSCMP, 2014). This pgutsrésources of warehouses to the test:
they need to cope with the growing speed of thelgdlow as well as the overall increasing
level of inventory.

Thus, modern warehouses face a double-sided challehaccommodating the ever-
increasing demands on capacity and throughputceslyeduring periods of peak demand.
Failure to meet these challenges will mean imposorgstraints on the ability of the warehouse
to store the required volume of goods, or handderdlguired goods flow, or both. In the long
term, a single warehouse firm can address the grolbperations through planned warehouse
expansion, such as moving to larger premises a¢mgeadjacent or remote warehousing space to
complement the existing facility. Larger multi-whoeise firms may have an additional option of
redistributing finished goods flows based on chagghe product mix or geographical areas
served by individual warehouses. Warehouses ofmaterials for manufacturing firms may lack
this option.

Moving to a larger facility or constructing a nevarghouse is a major decision likely to
be made by senior management since it involvedaniis capital resources and coordination
across the departments of the organization bey@rdhwousing. It is also one that takes
considerable planning and time. It is rare that tbng-term process can be precisely

synchronized with the dynamic changes in moderh-pigced warehouse operations. In other



words, the warehouse may reach limits in its s@@pacity or throughput well before the long-
term solution arrives. In situations like this, ragars often are plagued with problems such as
overflowing product in storage, long lines of traakaiting for loading and unloading,
complaints from customers and/or managers in atepartments within their own organizations,
or countless other challenges arising at timesatdd or inadequate capacity of warehouse
resources.

Naturally, this can lead to service failures andAgreasing costs as managers struggle to
find on-the-fly solutions. It is the decision pesses of managers in situations where warehouse
resources are inadequate during periods of peakmigior are being strained due to the
increasing overall volume of goods moving througg warehouse that is the focus of this study.
More specifically, this study explores warehouskzation problems and solutions under

constrained capacity or throughput.

Research questions and model

Current academic literature on warehousing looksaaehouses as systems comprised of
processes, resources and organization (e.g. Rownatrdt al., 2000). The basic processes are
receiving, storage, order picking, and shipping éBal., 2007). Warehouse resources are most
frequently understood to include personnel, mdteaadling equipment, a computer system,
and a storage system (Hackman et al., 2001; Rouwwshét al., 2000). Storage and order
picking have received the most coverage, whileaieteon other processes is clearly lacking
(Gu et al., 2007).

The inability of a warehouse manager to fully copéh increased storage and throughput

requirements is an indication of inadequate legétsne or more of its resources. However, there



is little agreement on what constitutes a warehoeiseurce. For example, some view bar code
scanners and carton boxes as resources (Rouwephatst2000). The inclusion or exclusion of
resources from the warehouse resource lists seebesdrbitrary. An argument can easily be
made to consider as warehouse resources a perapadgs well as the lighting and ventilation
systems. There does not appear to be a comprebeatefinition of warehouse resources based
on attributes of the resources, which allows thernet grouped into a useful typology.

Academic literature has another division. Reseasctend to delineate problems of
warehouse design from warehouse operations (Gu 2087; Gu et al., 2010). As a result, some
warehouse features that have a major impact oratpes, such as doors and dock space, have
not been considered in the research domain of wasshoperations except for a specific case of
cross-docking operations (Gu et al., 2007).

Therefore, before an empirical study of the inflecef warehouse resources on its
performance and factors that moderate that infleexan be undertaken, a conceptual
understanding of what constitutes a warehouse resonust be developed. This study
undertakes a comprehensive review of warehousenesowith a goal to come up with
classification principles andkeywarehouse resouragpology that is useful in practical
operations and provides a more cogent basis fore¢hieal research. This was accomplished
through a comprehensive literature review and itrghsirvey with a subsequent analysis. Thus,
the first research question of the study is:

RQ1 What are the key warehouse resosfce

Despite a considerable body of literature on wanshng design and operations, there are
very few academic papers that addressed the pratfi@arehouse expansion. Most studies

have assumed that warehouse space is given andevdle required capacity, and these studies



typically focused on cost minimization by considerthe warehouse storage layout, material
handling, or both. This literature is reviewed inapter Il. The few studies that addressed
warehouse expansion (such as Cormier and Gunn, 1996) focused on optimization of a
capacity expansion schedule, assuming a given famepolicy and constant or arbitrary
demand growth.

It is evident that simulation techniques used iarapions research are not very useful
tools for finding practical solutions for constrathresources capacity problems. A management
theory that specifically deals with constraint re@s@s may offer a better insight. According to
the Theory of Constraints (TOC) originally proposedmanufacturing (Goldratt and Cox,
1986), every system has at least one resourceraorisFormally identifying it and
implementing measures to alleviate it has been shovead to higher performance (Gardiner et
al., 1994). The principles of TOC have been tramsteto and tested in other fields, including
supply chain management (Gupta, 1997; Perez, B&himan, 2002). However, there does not
appear to be any research broadly applying theseiples in a warehouse setting. To address
this gap, it is of interest to determine throughalimechanisms the application of the TOC
logic could lead to increased performance in waushi. Therefore, the second research
guestion of the proposed study is:

RQ2.How does the use of TOC logic to manage warehasmurces in order to
alleviate constraints in warehouse operations leabetter warehouse performance?

The model in Figure 1 represents the general fraoriefor this research.

TOC TOC Warehouse
element: outcomes performance

T




|

Figure 1: Research framework.

A discussion and a more detailed model are pregemt€hapter .

Contributions to theory and practice

This study is expected to make contributions tethend practice in several ways. First,
various warehouse resources have been analyzeti@selthat are critical for its mission have
been identified. Resources were selected baseuporiant attributes, such as the potential to
become a long-term constraint on warehousing opasatcritical for the constant flow of
goods, etc. This analytical exercise resultedgnoap of six key warehouse resources two of
which were not previously identified as such in @ausing research. Development of this
typology will be a contribution to the academietdture on warehousing as well as providing
managers with a new perspective of their warehopseations.

Second, TOC is modified for use with survey dataafmalysis of problems in the
warehousing industry. The development of measumaistructs within TOC, which are
suitable for survey-based research, should incrib&sattractiveness of this theory for use in
future empirical studies that seek results thagareeralizable on an industry-wide basis.
Opening the door to explore the logistics paradidmOC in detail, beyond the traditional
general boundaries, is an important contributiom@L-focused empirical research.

Third, previous research in warehousing has useshgity box approach, assuming that

operations can be modeled from scratch. The curesetrch is based on the business needs of

8



existing warehouses through which volumes have grewch that the initial capacity is no
longer sufficient, especially during periods of bemand. This is a common situation in
industry but it has been overlooked by academieaieh due to negligible collaboration with
industry (Gu et al., 2007). To overcome this sladiitivarehouse managers are provided with an
evaluation of methods for dealing with constraintexisting warehouses, which is supported by
solid theory.

Lastly, the identification of key warehouse resesrand TOC elements for the
warehouse will give managers a better understarafitigeir options in resource management
and will help managers to focus their efforts opiaving existing operations, even if they
choose to act outside of the TOC paradigms.

Contributions of this study are discussed in magitlin Chapter VI.

Plan of the dissertation

Chapter I introduced the problem of warehouseshiagahe full originally planned
capacity of their resources while trying to adjissthe growing volume of operations as the
focus of this study. It has also stressed the itapoe of this study for industry as well as
outlined the theoretical contributions it aspiresrtake.

Chapter Il provides a review of relevant academecdture on the subjects of
warehousing and the theory of constraints and suimasathe conclusions that can be drawn
from previous studies to be used in this research.

Chapter Ill develops a detailed framework for thelg. It applies TOC to the
warehousing context, discusses the notion of aNa@ghouse resource, and develops a model

and a set of hypotheses to be tested in the erappéct of the study.



Chapter IV discusses the methodology of the stiilg. operationalization of the
constructs, data collection and the method of amabre be explained.

Chapter V provides the findings of the empiricale&ch and conclusions that can be
drawn from them.

Chapter VI concludes this work with a detailed dsston of contributions of this study,

its limitations and suggestions for future research
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CHAPTER I
LITERATURE REVIEW
Introduction

In this section, the literature relevant to thise@rch is reviewed. There is an abundance
of academic literature on warehousing, however tipapers deal with narrow well-defined
problems (Rouwenhorst et al., 2000), so generakiflaations of warehouse resources and
processes can only be found in practitioners’ haollb, such as Frazell (2002) and Tompkins
(2003), or in academic papers whose main purpdgeriature review, such as Gu et al. (2007),
Gu et al. (2010), Cormier and Gunn (1992), and Rmhwerst et al. (2000).

Most literature reviews on warehousing separateggdesnd operations into two different
frameworks. Warehouse resources largely fall udeésign, while warehouse processes are
covered in the warehouse operations research. Thaleo a large body of literature on the
theory of constraints, which will be modified fasaiin analyzing the management of warehouse
resources. Thus, for the purposes of this study,akpedient to split the literature review into

two sections: warehouse design and operationsthenttheory of constraints.

Warehouse design and operations

It has been noted that research on warehouse dssigry disjointed, dealing with
specific problems, and that integrative methodaafehouse design have not been proposed
(Rouwenhorst et al., 2000; Goetschalckx et al.8208u et al. (2010) proposed a framework of
warehouse design that consists of five componentsall structure, sizing and dimensioning,
department layout, equipment selection, and opmratirategy selection. However, there is a

considerable overlap in many papers dealing wigis¢htopics, and very few of them seem to fall

11



strictly within one of the five categories (e.gg$enblatt and Roll, 1984), which is
understandable, given how interconnected thesgaags are. For the purposes of this literature
review, the only research that was included detlt the storage area (whether sizing or layout),
other areas (departments) of the warehouse, aaegimpment selection.

The layout of a storage area in conjunction wiglagticular storage system emerges as a
key focus area of warehouse design research. @aetidn of research was determining the
optimum size of the storage area with a view toimize the total storage and handling cost.
One of the early works in this research streamumaertaken by Francis (1967). He developed
mathematical models that minimized the total angoats of an item’s movement between an
outside point (a loading/unloading dock) and anypwithin a rectangular shaped storage area
containing one or multiple items. His models tootoiaccount costs associated with warehouse
perimeter construction and maintenance costs fisled warehouse dimensions (surface area
and height). However, the models were based on sestiective assumptions which do not
reflect modern real-world warehouse operationsastimed a single point of goods loading and
unloading (dock) and equal probability of an iterov@ment between the dock and any point in
the warehouse.

Francis (1967) did not consider the inner structirhe storage area beyond its size and
rectangular shape. A key characteristic of storags capacity (Rouwenhorst et al., 2000). In
addition to its size and shape it depends oniemal layout and storage systems used. Three
types of storage systems are widely considerelaniterature: floor storage (block stacking),
racks, and automated storage and retrieval sygi&818\R). Storage of goods on the floor is the
simplest way of storing. It has its advantagexiffiéity) and disadvantages (honey-combing and

poor utilization of the volume of the storage arddje AS/AR systems, as the name suggests, is

12



a combination of the two processes, storage anéval, performed with a certain degree of
automation. When automation is achieved througbraatic storage and retrieval systems, the
rigid design of processes and capacity of automateehouses does not allow much room for
maneuvering in terms of finding untapped reserdegamehouse resources, so we formally
control for this condition in this study.

Further research relaxed some of the simplifyirmuagptions of Francis (1967).
Following previous research, Berry (1968) equakeddptimum efficiency of the warehousing
operation to the one that minimizes the total cagtsch are made up of two categories: costs
associated with the storage area or volume occupretimaterial handling costs. He
investigated in detail two layouts: a rectangulack with aisles parallel to the two walls and a
perpendicular connecting aisle along another vaal a rectangular block with a single diagonal
aisle. He actually considered and rejected asiorfarnumber of other layouts: those with cross
aisles, multiple radial aisles and others. In addito block storage on the floor, he considered
storage on racks of various height as well as wiffestorage allocation policies (random and
dedicated) and fast and slow moving SKU’s. He pseplca humber of recommendations to be
taken into account in warehouse design.

One of his main conclusions important for this gtigdthat he explicitly stated the trade-
off between the space utilization and material kiagatosts in a warehouse: “The warehouse
layout which gives maximum utilization of spacelierent from one which minimizes
handling distance” (p.115). It should be noted theatel distance, as well as time, in the
warehouse are routinely used as a proxy for méteaiadling costs (e.g., Rosenblatt and Roll,
1984: Goetschalckx and Ratliff, 1988; Ashayeri &RBitmy, 2008; Ellis et al., 2008). In a

conventional warehouse, material handling costsmatared through the use of personnel and

13



lift trucks. It is common knowledge that distanveled is a product of time and speed of
travel. In, a warehouse setting, the typical trapeed of a person or a lift truck are perceived as
known since they are limited by the physical apitif a person, technical specifications of the
machine, and, often, safety rules. This makeslbesast travel time and distance
interchangeable objectives for cost minimization.

Bassan et al. (1980) incorporated the same matearalling and warehouse perimeter
costs as Francis (1967) but considered two scenafiaisles in a rectangular shaped storage
area: aisles going lengthwise (parallel to the Isiag of the storage area) and aisles going across
(parallel to the short side of the storage arelg duthors developed an optimization model for
these parameters and proposed some guidelinegtatexa warehouse layout for these
scenarios.

The stream of research concerned with the layothteoftorage area has been very
potent. The most typical attributes of layout cdesed are: lane depth and orientation in block-
stacking pallet storage (e.g., Moder and Thorni®65; Berry, 1968; Marsh, 1979;
Goetschalckx and Ratliff, 1991), and number ofegigind their configuration (e.g., Berry, 1968;
Larson et al., 1997; Bassan et al., 1980; Panditaiekar, 1993). Most recently,
unconventional aisle configurations (flying V, fiwime, leaf, butterfly and chevron) were
explored by Gue and Meller (2006), and Oztigtkcet al. (2012). The details of particular
layouts considered by these and other paperssrstteam are not important for our research and
are therefore not discussed here. However, weasotelevant for our research the explicit
conclusion that the reduction of retrieval traweld comes at a cost of a loss of storage space

utilization (Oztlrkglu et al., 2012). Or in more general terms, thera fradeoff between
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storage capacity and material handling cost, alasiun already stated by Berry (1968) and in
many research papers that followed.

Another problem of storage area design arises Beaafuseparating the area into picking
and reserve areas, also referred to as forwardematve. One of the earliest studies of this type
was performed by Bozer (1985). He split the patek horizontally into a lower picking area
and an upper reserve area. The forward picking areather it is lower or closer to the center of
the aisle, saves handling time, but requires pari@plenishment from the reserves. The
objective of his and many other studies that foldwe.g., Hackman and Rosenblatt, 1990; van
den Berg et al., 1998) was to minimize materialdtiag cost (especially picking time), and thus
increase the throughput capacity of the storage are

Starting from White and Francis (1971), researchax® recognized that there is a cost
of not having enough storage capacity. Consequehty have incorporated this cost into their
optimization models. Rosenblatt and Roll (1984)pwiade an attempt at integrating several
warehouse design problems (size, layout and stqralggy), also included a cost of load
rejection due to lack of storage space in their @hdéor a warehouse with pallet racks, they
considered a combination of two types of storadeipes: zoning and degree of randomness.
The zoning of the storage area dictates that th@enhcoming load of pallets must be stored
within the same zone. The degree of randomneg®Ege implies that under the grouped
storage policy all of the pallets of the incomiongd must be stored together, while under the
random storage policy, it is not a requirement. dtors make an important conclusion that
there are trade-offs involved in the storage spdiieation (and associated costs) and storage

policies. The best space utilization is achievetthwbd zoning and complete randomness of
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storage; the worst (and higher level of load répectiue to capacity shortage) is likely to occur
in a storage area split into small zones combingld thve grouped storage policy.

Their work described above is representative oktheam of research by these authors
exploring factors that affect storage capacity.(d&Rgll and Rosenblatt, 1983). In their later work
(Rosenblatt and Roll, 1988), they introduced thecept of service level in the determination of
capacity. The service level is defined as, “thgprton of days (or any other unit of time) for
which the given warehouse capacity is sufficiemtaccommodating the required replenishment
shipments” (p. 1847). They found that for a predeteed service level the required warehouse
capacity is affected by the number of SKUs stotieel demand characteristics (picking), and the
replenishment policy.

Previously reviewed work typically considers onarage area. In reality, available space
may be allocated to several competing activity ®eay., pallet racks, block stacking, receiving
buffer and shipping staging area). Pliskin and b®i82) compared seven suggested area
assignments for a tools warehouse, a part of alioetiéng operation, by considering trade-offs
among four space categories. They proposed a mefhuadlti-attribute value functions which
assigned a score and permits the ranking of opicosrding to the decision maker’s
preferences. Of relevance to our research hemeexalicit consideration of trade-offs among
several space categories.

Tradeoffs between allocating a limited resourcedfflspace) to two different storage
systems (a random access system and a rack sysamtudied by Azadivar (1989). Under the
random storage system, the throughput is higheausecevery storage slot is immediately
accessible from the floor level but the storageacdp is lower (only one tier). The rack system

has the opposite characteristics: its throughplawer but the storage capacity is higher (several
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tiers). The objective of the study was to find biest tradeoff between the two systems that
balances the storage capacity and operationalezfty.

While Azadivar’s study was performed in the contefxan automated storage and
retrieval system operating in the rack storageaandnautomated material handling system
operating in the random access storage areajnispal tenet applies to completely
conventional warehouses as well. For example, thielgm he solved for an automated storage
system warehouse is similar to deciding betweershiage of racks with narrow aisles, which
provide better storage capacity but slower palleaway and retrieval, and the share of racks
with regular (wide) aisles, where capacity is dasegl due to more floor space taken by the
aisles but the operational efficiency is higheraiconventional warehouse.

Park and Webster (1989) pursued an even more ateghapproach to comparing three-
dimensional pallet storage systems. They proposeddel that, “simultaneously considered the
following factors: control procedures, handling igguent movement in an aisle, storage rules,
alternative handling equipment, input and outputtgpas for goods flow, storage rack structure,
component costs and the economics of each stoyatgns’ (p. 985) with appropriate
optimization targets.

Several studies reviewed above (e.g., Francis,;1B&3san et al., 1980) as well as others
have included assumptions about the location ofsl®ative to the storage area in their travel
time optimization models. However, there is praticno academic literature on warehouse
doors that considers their capacity and poterdgiabnstrain the goods flow or their potential to
relieve other constrained resources. The scaras-@ocking literature considers the optimum
door layout for truck assignments (Gue, 1999) avdl and waiting time minimization due to

congestion (Bartholdi and Gue, 2000). However,dhearks are not applicable to the door
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capacity problem considered in our study. The nurobdoors can be a serious constraint or, in
some instances, can be used to relieve other eamstrresources.

Selection of material handling equipment suchfasrlicks is part of any warehouse
design. It is often considered together with tHec®n of the storage system. Baker and
Canessa (2007) reviewed the literature on individteps in warehouse design from 1973
through 2006. Of the 14 studies reviewed only 6designing or selecting material handling
equipment as separate steps. Sraml et al. (20@8)discrete simulation to analyze the
efficiency of four principal warehouse transpodatvehicles: a counterbalance lift truck, a
reach truck, a narrow-aisle lift truck, and a seaakrane. There is paucity of academic studies on
lift truck selection but advice to practitionersidae found in popular warehousing handbooks.

In Baker and Canessa’s (2007) review of researcharehousing design steps, only two
papers identify calculation of staffing needs asep. Most studies consider personnel implicitly
when optimizing material handling costs. As Roweashet al. (2000) observed, “minimizing
operational costs in particular often boils dowmtmimizing the required work force” (p. 522).

Ashayeri and de Booy (2008) looked at warehoussomerel from a different
perspective. They addressed the issue of worklakhbing in order to reduce response time, an
increasingly important objective in modern warehog®perations. They proposed a three-
phased framework, the middle phase of which is Yoode planning. They presented three
different models of workforce planning (capacitgigament, mean value analysis, and CAN-Q
approach) and evaluated them using simulation.

Outside of operations research, a considerable bblikgrature on warehouse human
resources management has been published in supgly management journals. Most studies

recognize the critical importance of availabilitydeeffective management of human resources to
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warehouse operations (e.g., Autry and Daughert§3R0rhere are also indications of problems
with employee job satisfaction and turnover in vwangses, with turnover exceeding 100% in the
worst cases (Murphy and Poist, 1992). However, lemailarehouses were found to do a better
job of attracting and retaining human resources(M007). Only two ways to match the
workload with the availability of personnel appéabe considered in the academic literature.
Some studies emphasized efficient labor schedalmbworkload forecasting that, “minimizes
labor costs while maintaining service commitmeri&ieehan, 1989; Sanders and Ritzman,
2004), whereas most other work considered wayasriplg attract more employees and do a
better job of retaining them, such as through higble satisfaction (e.g., Murphy and Poist,
1993; Autry and Daugherty, 2003).

There does not appear to be literature that coresidée possibility of operational
tradeoffs between warehouse labor and other ressufdie closest to this was the study by
Sanders and Ritzman (2004) that considered théiliex of warehouse personnel in itself (e.g.,
through cross-training) to be used as a tool teedfivorkload forecast errors. However, labor is
frequently the most flexible resource in the wared®

Academic supply chain literature also has focusethfmrmation technology in the
warehouse and tracked its evolution from humblertmeggs as electronic data interchange
(EDI) between warehouses and customers (see fon@gaRaney and Walter, 1992) to the
modern “smart” warehouse management systems (WWBS)S are information technology
systems used to “plan, optimize, and execute opesdt(Autry et al., 2005, p. 167), the
definition we will use in this study.

Researchers have studied WMS from a variety ofpeets/es. The antecedents of WMS

have been examined, revealing that the introdudfonformation technology in the warehouse
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was largely driven either by customers or by tomagement who saw it as a tool to gain a
competitive advantage (e.g., Raney and Walter, 1B88ers et al., 1996; Autry et al., 2005).
Best practices were reviewed in detail in caseissu@k.g., Min, 2009) and “buy standard” vs.
“get one tailor-made” decisions were analyzed (&gber et al., 2002). More importantly, most
researchers who studied the link between the dedrd8viS implementation (degree of
sophistication, level of investment, dedicated pengl, etc.) and organizational performance
appear to agree that there is a significant pasrationship between the two (e.g., Rogers et
al., 1996; Faber et al., 2002; Autry et al., 2005).

Another important finding is that a functionallyalequate WMS may be a constraint in
warehouse operations by forcing management to campe, “...between the way a warehouse
wants to work and the way the system allows theeln@ause to work” (Faber et al., 2002, p.
381).

Most warehouse design literature is concerned plahning new warehouse facilities.
There is very limited research on optimization xitBng operations, and attributes of existing
facilities are usually considered to be static sTherature is largely limited to the relocatioh o
storage items (SKUs). For example, it may becoawessary to relocate SKUs if changes in
demand cause former fast-moving items to beconve-siovers, leading to longer picking
times. Two representative papers are briefly deedrbelow.

Christofides and Colloff (1973) solved the problefifmovement cost minimization for
such transfer under assumptions of moving all itemesat a time, using only one vehicle, and
that the time when an item is not located in a praparehouse location is at its minimum.

Sadiq et al. (1995) studied the problem of perialilijaeassigning stock items to create a

dynamic stock mix that correlates with dynamicalyanging demand. They used cluster
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analysis to develop a heuristic Dynamic Stock LioceAssignment Algorithm which appeared
to be superior to the well-known cube-per-ordeen(Heskett, 1963; Kallina and Lynn, 1976;
Janea and Laihb, 2005) in dynamic environments.

A more radical approach to designing warehousdsatieaable to accommodate change
was presented by Ackerman (1999). He lists sewmadls that affect the function and operations
of warehouses: faster cycle times, high inventargg, growth of cross-docking operations, and
increased use of information technology. These gbamvill impose new requirements on
warehouse design and operations: more dock dodiexett door locations (close to each other
on one side of the building rather than on the sppaides) and flexible door allocation (no
doors dedicated to a customer or particular ogmrgtbrighter lights to accommodate night
shifts; higher quality floors for high velocity ogions; more office space and storage
flexibility. Information technology allows to coresttly analyze the quickly changing 80/20 rule
of item velocity based slotting. To implement chesifjexible storage systems are necessary.
They should replace the efficient but inflexible@uated storage systems. Hence, the emphasis
should be on flexibility and not on efficiency dosage capacity.

Ackerman (1999) illustrates the right tradeoff @rade) between efficiency and flexibility
with an example of warehouse dock doors. Since docks are expensive, it is common to
design and build a warehouse with a limited nunabeloors sufficient to cover the present time
operation. However, flexibility dictates a highemmber of doors. One practical way to balance
the costs and flexibility is to install just thegrered number of doors but prepare the foundation
and the walls for future door additions by depmegshe building footer. This emphasis on
flexibility over cost minimization and efficiencg a dissonance from the traditional warehouse

operations research literature.
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In summary, there are several important conclusimm the reviewed body of literature
on warehousing that are relevant for this research:

1. Storage capacity is important. It has been a pyrfaus of academic research on
warehouse design. Storage capacity is influenceddnyy factors of warehouse design
(storage area size, layout, storage system, sepamto zones, storage policy and
others).

2. Academic literature recognizes a negative effegb@niormance when there is a shortage
of capacity. The capacity shortage results in ectgn of incoming loads. The sufficient
capacity can be expressed as a service level. Tthegxpressly recognized that capacity
may be a major constraint in a warehouse.

3. There are trade-offs involved in optimizing storag@acity and minimizing costs
associated with other warehouse resources. Acadgenature expressly recognizes that
it Is impossible to maximize storage capacity andimmze material handling costs at the
same time. These costs are linearly proportiontiéaamount (quantity) of resources
used (such as labor hours of warehouse persondehaohine hours of lift trucks; the
needed work hours in turn largely determine thentjtyaof the required personnel and
machines in the warehouse).

4. The studies aimed at optimization of material hangdtosts implicitly consider
personnel and lift trucks. Behavioral human chamastics were not taken into account in
warehouse operations research. Supply chain lilerafised a few issues relating to
human resources which are relevant to this stuiyparticular, the literature notes the
high importance of this resource, the need foeftsctive management, and ways to

increase its capacity. The literature also suggestaehouse size as a potential control
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variable, since warehouses were found to diffeemmployee satisfaction and turnover
based on size. Flexibility was identified as a ity of this resource with a cost savings
potential.

5. Other components of warehouse layout (doors, shgppind receiving areas) received
very little coverage in the academic literature.

6. Selection of warehousing equipment, specificaifytducks, did not receive much
attention from scholars either. However, there éemasiderable body of research on
optimization of their use (costs, time, distancéjim the framework of existing
operations by manipulating storage policies (wtaffects storage capacity) or picking
policies holding existing storage policies and pigkarea layout constant.

7. Information technology plays a prominent role imadern warehouse in the form of a
WMS. Limited functionality of the WMS may lead tower warehouse efficiency (act as
a constraint), whereas higher level of WMS impletagan is positively associated with
warehouse performance.

8. Academic studies of warehousing design and op&rstoe either concerned with initial
selection of warehouse parameters (such as staraggor assume that they are already
given. There is little work on adjusting existingesations to accommodate changes in
demand, product types, etc.

9. Flexibility in warehouse design and operationegarded by some as a contemporary
alternative to a traditional focus on efficiencytive academic operations research
literature.

These conclusions support the need to focus ol hasehouse resources: storage space;

personnel; equipment; doors; dock space; and irdbam systems. They also suggest the need to
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consider these resources as potential constrainteiflow of inventory through the warehouse,
which can lead to inefficient and ineffective wawake operations. Finally, they suggest that
managers should understand that there are tradexmibng these resources, and that one
resource can be used to relieve a constraint cégtanother, effectively increasing the
capacity of the warehouse without adding physigpbasion.

However, some gaps in this literature are evideimey refer to both the domain of the
research and the methods used. Supply chain literatidresses warehousing problems at a very
general level. It tends to use a firm as the srsillait of an analysis and is usually not
concerned with the operations of a warehouse asgamizational unit of a firm. On the other
hand, operations research looks at warehousindegmsbvery narrowly. The complexity
involved in the mathematical modeling and simulatithe traditional tools of operations
research, require imposition of very restrictiveuamptions, which severely limits the practical
uses of the research results.

We hope that this study, which takes the toolsupp$y chain management research and
brings them down from the “30,000 feet level” oé tivhole organization to the “bird’s eye
view” of operations in a warehouse as one orgaioizak unit of the firm, will pave the path to

eventually closing this literature gap.

Theory of constraints

One management theory that addresses bottleneck&rmtions is the Theory of
Constraints (TOC). TOC was proposed by Eliyahu @atdn the 1980-s and popularized in a
number of books (Goldratt and Cox, 1986; Goldratt Rox, 1986; Goldratt, 1994). TOC is

widely accepted in business and is extensively usadademic research.
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The purpose of TOC is to make a firm more competibly running its operations in a
more efficient way (Polito et al., 2006). TOC oniglly appeared as a scheduling algorithm for
manufacturing and was marketed as a software packbmvever, there was a need to explain to
the users how it works, so the bobke Goal(Goldratt and Cox, 1986) was published.

According to it, the firm’s business is viewed asombination of throughput (rate of
generating money through sales), inventory (evamgtpurchased in order to be sold), and
operational expense (money spent on turning invgmbdo throughput). The underlying premise
is that the system will have at least one condiraince infinite throughput is not possible. The
constraint slows down the whole system’s througlamat prevents the firm from achieving
higher financial performance. To rectify the sitaatit is first necessary to understand what
needs to be changed and the process for the chaingdocusing steps are proposed for the
purpose:

1. identify the constraint;

2. decide how to maximize the throughput through it;

3. subordinate the whole organization and processtssalecision;
4. implement measures that will relax this constraint;

5. repeat from the beginning (Goldratt and Cox, 1986).

The five focusing steps are an alternative metHambtinuous improvement. It is
different from other methods, such as total quatignagement in that it focuses on a single or
very limited number of constraints rather thanrafiéng to improve quality everywhere
(Gardiner et al., 1994).

Based on the five focusing steps a specific pradnacheduling technique called drum-

buffer-rope (DBR) was proposed. The allusion ia sxout troop march illustrative example in
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The Goal The drum represents the constraint that setsateeof output of the whole system. It
is critical to keep this resource operating at mmaxn capacity. For this reason, there is a buffer
of material for processing in front of the constexd resource and a space buffer for processed
inventory right behind it. This ensures that thastcained resource will keep operating during
temporary disruptions up or down the stream. Tipe represents the fixed lead time of
releasing raw materials into the processing chased on the rate of operation of the
constrained resource. This ensures that the resaurever starved for materials, but also that
no more materials are released than actually nefedelde operation of that resource, even if
other resources may temporarily be idle. Under TR@fer management is the only production
control technique that is needed (Gardiner etlab4).

The specific methods discussed above are saidwprse the logistics paradigm of TOC
(Rahman, 1998). As physical constraints are oveecone by one, eventually the next constraint
will be found outside the production floor. The straint may be nonphysical and completely
external, e.g., insufficient market demand to suphe increased level of production of the
firm, or internal but elsewhere within the organiaa, e.g., managerial constraints in the form of
restrictive policies (Simatupang et al., 2004)rdaponse, a thinking process (TP) was developed
to address any problems in general. Using a spesati of tools (current reality tree, evaporating
cloud, future reality tree, prerequisite tree araghsition tree), managers should be able to find
answers to the three main questions of initiatimgnge:

e what to change;
e what to change to;

¢ how to cause the change.
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The problem solving paradigm of TP complementddbestics paradigm and is believed
to be the most lasting contribution of the TOC p&ilphy because it can be applied in a very
general way (Rahman, 2002).

TOC was compared to and in many cases was fouretisupo kanban, JIT, MRP, linear
programming and total quality management (Rahm@881Gardiner et al., 1994; Luebbe and
Finch, 1992; Sale and Inman, 2003). In additiomémufacturing, the primary industry for
which it was originally designed, TOC was succdbsapplied in the airline industry, health
care, banking, military logistics and many otherkere companies like Proctor and Gamble,
Ford, GM and others saved millions of dollars byliementing the logistics or problem solving
paradigms of TOC or both (Watson et al., 2007;tB@t al., 2006; Bramorski et al., 1997;
Gardiner et al., 1994; Demmy and Petrini, 1992).

Boyd and Gupta (2004) attempted to integrate TQ&hgawith JIT, economic order
guantity and a number of other theories, into aeng@neral Constraint Management Theory.
They suggested for future empirical studies (bdtrait test empirically themselves) several
hypotheses based on TOC as part of Constraint Mameigt Theory, including one whose parts
are in line with our treatment of TOC:

There is a significant positive relationship betwéee degree of throughput orientation
and organizational performance.

Process improvements ... at a constraint will hageiicantly greater positive impact on
performance than similar improvements at a non4caims (p. 365).

Instead of being currently recognized as consistirihe two main parts (the logistics
and problem solving paradigm), TOC was initiallgses a rather eclectic collection of smaller
components. Spencer (1993, p. 37) listed sevemenfit“...the five focusing steps, V-A-T

analysis, effect-cause-effect analysis, drum-buibge scheduling, buffer management, the
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performance measurement system, and the thougtesed His illustrative paper appears to be
the only attempt to apply a part of TOC to warehagisHis work is based on an argument that a
warehouse is merely a type of a production fagilitiich allows us to apply automatically the
V-A-T logical structure analysis for manufacturitigwarehousing (where the letters V-A-T
refer to three potential shapes of a logical stmecbf goods flow in a warehouse) (Spencer,
1993). Even though his paper concedes that, “waishoperations may be less rigidly defined”
than in manufacturing (p. 37), the reader is lethvan impression that the rigid production
structure is forced upon warehouse operationsicpé&tly when the case of value-added
assembly activities is chosen as an illustratidre paper provides advice on identifying a
particular operation that constrains the whole ougnd assumes that creating a buffer of
materials and proper scheduling (i.e., using buffanagement and DBR scheduling techniques
of TOC) will solve the problem, but it does not egks the problems of severe resource
shortages or resource sharing between independerdtomns. The author concludes that,
“[d]ifferent warehouses have different processeasra@quire different management” (p. 46). In
contrast, our study examinesmmonapproaches under TOC to management of warehouse
resourcegather than processes and does not treat warelgoasia variety of manufacturing.

Kim et al. (2008) reports that TOC received mudhrdton in academic literature in the
functional areas of supply chain management andahussources management. However, there
are very few empirical studies of TOC and themeagvidence of research involving the TOC
logistics paradigm in the context of traditionalrelaousing operations. Major survey-based

empirical work on TOC is absent from operationgaesh (Gupta and Boyd, 2008).
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CHAPTER 1l
THEORY DEVELOPMENT
Adapting TOC to the warehousing context
Need for modifications

In this study we seek better understanding of wausé resources and their management
using the theory of constraints (TOC). TOC wasioally suggested for the manufacturing
environment. InThe Goal(Goldratt and Cox, 1986), the five-step focusingcess was
introduced in a hypothetical but realistic manufiaicty setting (Reid, 2007). The product flow
went through a fixed sequence of machines, onehafhwhad a low capacity and constrained the
whole system'’s throughput. Solutions offered by T@e&le intended to be generalized to many
manufacturing enterprises.

The use of TOC to analyze warehousing resourcesondustry-wide basis requires
some modifications to the basic theory. These nwadibns are necessary for several reasons.
First, warehousing is substantially different framnufacturing in many important respects.
Second, our study covers a period of three yeatsgmot necessarily synchronous with a TOC
cycle at any particular warehouse. Third, the aatly developed logistics paradigm of TOC is
not conducive to survey research, yet the surveyhodes a very important technique for
studying a variety of warehouses in such a diverdestry. In this chapter, we consider these

reasons for TOC modification and explain the wagsde it in detalil.

Applicability to warehousing in principle
To decide whether TOC can automatically be extemdedarehousing without

adaptation, we need to consider several argum®@ntghe one hand, in the previous chapter, we
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have listed examples of other industries (airlim@sking, etc.) where TOC was successfully
applied. We have also reviewed what appears tbédedle academic paper attempting to apply
one TOC element to warehousing. This can be irgggdras an indication that TOC is not
limited to manufacturing and can in fact be usedifferent contexts, including warehousing.

On the other hand, there are arguments that appe#fier support to the opposing view.
First, the prevailing view is that warehousing @ manufacturing. Sanders and Ritzman (2004)
describe warehouses as, “service organizationseviposduct’ is not the creation of tangible
goods, but the ability to efficiently mix and mogeods at short notice” (p. 251). To determine if
TOC solutions for manufacturing can be automatycaktended to warehousing, we need to
consider how similar these industries are for t&Trelevant characteristics. Specifically, we
need to establish if warehousing has the type afufeeturing throughput process described
above: a fixed set of machines and a continuoud siegquence of inventory flow through the
system.

Warehouses do not have stationary machines likeaimufacturing with the exception of
automated storage / automated retrieval systemBARS machines for value-added processing
(e.g., promotional sets packaging) and some auxitrechines (e.g., to shrink-wrap a pallet). In
this research, we only consider traditional wareleooperations and disregard the manufacturing
functions of the warehouses. Any auxiliary equiptigndefinition is outside the primary
warehousing operations we are focusing on. Thestréditional warehouse operations are not
built around a set of stationary machines thatgsees raw materials into inventory of finished
goods and are more flexible.

The seeming similarity of presence of inventory @adlow in a manufacturing plant and

a warehouse is also deceptive. Inventory buffeojoiipns (a major part of TOC in
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manufacturing) such as inventory safety stock fadeito-stock items are not available in
warehousing (Sanders and Ritzman, 2004). Warehmuféers may be of a different nature (e.g.,
time buffers created by a queue of picking ordensrocess or trucks to unload) and may be
resource specific.

The product flow is different, too. The primary fiion of a traditional warehouse is
storage (Gu et al., 2007; Frazell, 2002). In tloeagje area, the flow of goods is broken. Vogt
and Pienaar (2007) clearly state that, “[tlhe gjeraf the stock in the warehouse completely
segregates the inbound and outbound processe87)plrhe inventory placed in storage may
remain there for a long time and even become otes(fRouwenhorst et al., 2000). While this
will have a negative impact on the financial pariance of a private warehouse, in case of a
public warehouse, the warehousing company will gdeive revenue by providing this storage
service to its customers. This is in sharp contsaist manufacturing where an accumulation of
unsold finished inventory is definitely a negatfaetor (Goldratt and Cox, 1986).

In any case, the interruption of the goods flova warehouse makes treating the TOC
goal of increasing throughput in the same mannéoras manufacturing plant impossible: the
throughput of a warehouse is broken into the inflowd outflow, with storage separating the
two. The processes generating the incoming ancmgdlows may compete for the same
warehouse resources. Some literature (e.g., EitdrRae, 1998; Steyn, 2002) suggests that TOC
may not be fully applicable to concurrent compefngjects as they will compete for the same
resources, a situation that seems to fit the disjmut concurrent warehouse flows.

The arguments above offer grounds to doubt TOCtsraatic applicability to
warehousing without modification. Given the contctéaty evidence from literature and logical

analysis, empirical research is definitely warrdnfeue to the differences between the two
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contexts, some special tools need to be foundatskate TOC for manufacturing into
warehousing for testing in empirical research. Maaturing is the original but not the sole TOC
domain. In academic research, TOC has been ussidi@wanufacturing, most often in a
service industry. However, most papers were cagbest or general illustrative applications
(e.g., Bramorski et al., 1997; Olson, 1998; Rowiall., 1999; Zadry and Yosuf, 2006; Polito et
al., 2006, Reid, 2007). Research that producedthgses and scales to test TOC empirically
(e.g., Boyd and Gupta, 2004; Moss, 2007; Inmar. e2@09) has not focused on the logistics
paradigm of TOC we are interested in and is stdlgeneral to be applied to warehousing as is.
Thus, we are unable to base TOC modification oorpasearch and must undertake the
complete task of adapting TOC to warehousing. iffukides changes to some of its constructs

and relationships among them.

Processes vs. resources

As the initial step of TOC adaptation, we turnhe tore of TOC. Reid (2007) suggested
that TOC's single unique characteristic as a maragehilosophy is an emphasis on
identification of a single or a few factors, sushaaresource or process, that actually limit the
performance of the whole system.

Let us consider the possibility of process constsain the warehouse first. According to
Gu et al. (2007), a typical warehouse operationt=aniewed as a flow of goods first entering
the warehouse then consecutively going througlptbeesses of receiving, storage, order
picking and shipping and then physically leaving Warehouse, as shown in Figure 2.

Additional steps of inspection, sorting, packingl ahers are possible (Keller and Keller, 2014).
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Figure 2: Flow of goods in a warehouse (adopted fro Gu et al., 2007).

It is very obvious that many of these processeseaperformed using the same space,
personnel and material handling equipment. In otfeeds, they share certain resources. In case
the actual productivity (throughput) of a procesadt meeting the demand, management can
shift the resources to the lagging process quiditbuwever, if the total quantity of a particular
resource is not sufficient to cover all the reqdiipeocesses, then the total system throughput will
decrease. The relative ease of allocation andoeslbn of warehouse resources to the
operational processes indicates that it is not m@rse processes but the capacity of the
resources that may be a true constraint in a wasehd hus, for the purposes of TOC
application, we will need to focus on warehouseueses, not warehouse processes.

Clearly, every warehouse uses a big variety oftmthiat may be treated as resources.
Lack of capacity of some of them may present orthyvéal problem, whereas a shortage of
some other resources may be difficult to overcoiie.turn to the warehousing literature again
to identify the most critical resources that haymtential to become a constraint in a typical

warehouse.
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The following sections of this chapter discussdbecept of a key warehouse resource
and name specific attributes of a warehousing djpertghat qualify as key warehouse resources.
A more detailed model of hypothesized relationdi@fween constructs is offered and

hypotheses are developed.

Key warehouse resources
Definition and tests

An important point of this research is a definitmina critical, or key, warehouse
resource. We offer the following definitiolt:is a component of a warehouse design or
operation that is critical to the mission of therelaouse, is not easily acquirable or modifiable,
and has a finite or limited capacity at least i thort term

To clarify specific parts of the definition, thegaion of the warehouse is commonly
understood as a combination of storage and thraugifgroducts at a desired level of quality
and minimum resource cost (Gu et al., 2007; Fra2802). It follows then that for a warehouse
resource to have a critical bottleneck potentiatuist affect the flow of goods or related
information directly and have an impact on quadit cost. We will refer to this statement as
the goods flow impact test.

In the definition of the key warehouse resourcesily acquirable or modifiable” refers
to the fact that a change in the resource, suem @squisition of additional quantity of this
resource or a modification of its characteristiss)ot possible to accomplish within the routine
processes of the day-to-day operations. It reqeumestantial waiting time, or will incur a
substantial cost, or is subject to a hierarchicahagement review process, or is simply not

available (or no longer available) or any combimatf the above. It is also not easily
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substitutable within the routine processes of e th-day operations. For short, we will call
this the time-effort-cost test.

Finite capacity refers to the attribute of the kerehouse resource that cannot be
increased infinitely within the existing warehousganization and process design. In other
words, a key warehouse resource has the potemtigddome a long-term bottleneck in the
warehouse operations if the demand for it has owtgrits capacity and management has not
been proactive to implement a plan to alleviateptodblem, such as increasing the capacity of
the resource. A key warehouse resource may resafaximum capacity, and then it will
become a permanent constraint until the existingeh@use design or process is changed.

It should be noted that this research concerna@ease of demand for the resource
capacity due to growth of the regular operatioms$,anone-time peak in demand and not a
situation when a resource is out of order or brodeah just needs to be restored to its normal

capacity to stop being a bottleneck in the warebmperations.

Relation to RBV and RMT

The Resource Based View (RBV), a popular managethenty proposed by Barney
(1991), also deals with firm’s resources, so important to compare our treatment of the
concept of key warehouse resources to that of RBV.

RBV’s main original tenet is that a firm can gaisustained competitive advantage over
other firms if it possesses resources that areaédy rare, imperfectly imitable and
nonsubstitutable. On the surface, these resoutrtleuaeés may seem close to the definition of the

key warehouse resources. However, there are stid$tdifferences.
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RBV considers resources of one firm as they ratatompetitors, whereas this research
focuses on one firm and its internal warehouseatmer. This makes inimitability, one of the
four resource attributes of RBV, not applicablecsiit implies taking into account other firms.
The other attributes do not apply either. This aese looks at resources that &rpically used in
non-automated warehouses, so they cannot be raravil\specifically show that trade-offs are
possible to partially substitute for a shortage &ky warehouse resource, so the non-
substitutability cannot be an attribute of a keyetmuse resource.

Finally, under RBV, a resource is valuable only dnderlies a firm’s strategy to
improve its efficiency and effectiveness. While kegrehouse resources, or their specific
attributes, may become part of a particular stsatewl thus generate extra value for competitive
positioning of the firm, Barney et al. (2001) stes that the value of a resource is determined by
a specific market context. In other words, a valkeabsource may stop being valuable if the
market conditions change. This is where the diffeedies. Key warehouse resources, regardless
of the market context of the whole firm, are aicak necessity of a regular daily operation of the
warehouse as its organizational unit. Thus, the fesource attributes of the original RBV are
not generally applicable to the concept of key Watese resources used in this research.

Over the years, several extensions of RBV have gedeit has transitioned from
identifying resources of the firm to focusing oeittuse (Fawcett and Waller, 2011). In this
vein, one recent approach to resources that ipwiph contemporary theoretical extensions of
RBV is resource management theory (RMT) (EsperGmdk, 2014). RMT contends that
possession of valuable, rare, inimitable and ndystwtable resources is important but not
sufficient for obtaining a competitive advantagewoether firms (Sirmon et al., 2007). It is

critically important how resources are createdJalggal, combined, managed and exchanged by
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the management of the firm (Lippman and Rumelt32000C, on which we base this study,
can be viewed under the general umbrella of RMa& sgecific strategy of value creation from

resource manipulation.

Typology

Before we can discuss resource manipulation inrelaaise, it is necessary to clearly identify
which key resources are normally found in a warsbolihe academic literature on warehousing
provides several lists of various warehouse regsurthe most succinct list is comprised of four
resources: labor, space, equipment, and warehoasagement system (Hackman et al., 2001).
The most comprehensive list is found in Rouwenhetrsi. (2000):

1. Storage unit, e.g., pallets, carton boxes andiplbsies;

2. Storage system, e.g., shelves;

3. Pick equipment, e.g., a reach truck;

4. Orderpick auxiliaries, e.g., bar code scanners;

5. Computer system, e.g., warehouse management system;

6. Material handling equipment for sorting, packingl démading into transportation

vehicles, e.g., sorter systems, palletizers arck tieaders;

7. Personnel.

Applying the time-effort-cost test of a key wareBeuesource to the latter typology, we
can eliminate items 1 and 4 since their represeetakamples (pallets, boxes and bar code
scanners) can be acquired relatively easily anxbieesively. Items 3 and 6 represent material
handling equipment used for the picking operatiot the steps following it. Separating it into

two different categories seems illogical for twasens: (1) the same piece of equipment, such as
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a counterbalance forklift can be used for both ipigla pallet and loading it into a truck, even on
the same move; and (2) this division ignores oparatpreceding picking, such as goods
unloading and putaway, which, coincidentally, ckso de performed by that same forklift. So it
makes sense to aggregate material handling equignterone category. Finally, this research
emphasizes traditional warehousing operationsaiealess likely to use sorter systems and
palletizing machines found in high-velocity warekes that rely on substantial automation.
Thus, we can replace the broader term of mateaiatiing equipment simply with lift trucks, a
general term for warehouse machines such as fisrkidach trucks, order pickers, etc.

The arguments above reduce the list of warehowsseirees to just four items: storage
system, lift trucks, personnel and warehouse managesystem. Each of them meets the goods
flow impact test in that the capacity of the reseudirectly affects the capacity and throughput
of the warehouse. In case of the warehouse managaystem, it is the information flow.
However, the flow of goods and information is symchized at least periodically and a
warehouse management system lagging in speedioretin functionality negatively impacts
the flow of goods in the end.

The four identified resources also meet the tinferetost test. Adding more storage
racks, buying more lift trucks, hiring and trainingpre warehouse workers or upgrading the
existing warehouse management system are projetsake months and substantial investment
or spending and are likely to be presented by wared managers to their superiors for approval
before any implementation is initiated. Moreovéritee four resources can be viewed as
potentially finite, the first three due to spatiaiits (as well as possible others), and the
warehouse management system may not be modifiedlt@e new functionalities or increase

processing speed due to the internal limitationkhefsoftware.
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However, the list of key warehouse resources ifledtabove appears to be incomplete.

Some resources have been overlooked by reseaatéreeed to be added to this list. They can
be discovered by identifying potential bottlenetk¢he typical goods flow in a warehouse,
which has been described previously and showngarEi2. This illustration implies that the
putaway operation (moving goods from the receiangpn to storage locations) is viewed as part
of another step: receiving (Gu et al., 2007) oragie (Rowenhorst et al., 2000). However, it can
also be viewed as a separate operation betweewnirgcand storage, a common approach of
warehouse managers and warehouse management siestigmers as well as some authors who
wrote for practitioners (Frazell, 2002; Keller areller, 2014). We will adopt it as our view of

the warehouse goods flow (Figure 3).

Storage Order Shipping S

Receiving Putaway
— ) — ) Picking

WAREHOUSE

Figure 3: Flow of goods in a warehouse, includinghe putaway operation.

It is clear from this diagram that the four prestidentified key warehouse resources
have a direct impact on the goods flow in putaway picking and on capacity in goods storage
by becoming a constraint, should the demand faraiqular resource exceed the resource
capacity. Receiving and shipping deserve a moralddtanalysis.

Examples of receiving activities, are unloadinggaiing for discrepancies and repacking
(Gu et al., 2007; Rowenhorst et al., 2000). Shigpmay involve goods preparation for

transportation (palletizing, shrink-wrapping), gtiatontrol, and loading into a transport
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conveyance such as a truck or a railcar (Rowenlebdt, 2007). Trucks carried 68.4% of
tonnage nationwide in 2012, five times more thain(i8.5%) (S&P Capital IQ, 2013) and are a
much more common mode of transportation servingh@uses. Ramps to unload railcars at
warehouses are designed differently from truck doEkr these two reasons, warehouse
shipping and receiving operations directly to @nfrrailcars are not considered by this research.

In their comprehensive review of research on wansbmperations, Gu et al. (2007)
classify assigning trucks to docks (doors) and daheg of loading and unloading trucks as part
of the receiving and shipping operation. They aste that research on receiving and shipping is
scarce (4 papers out of 124 they reviewed). Moskwat deals with receiving and shipping
concerns cross-docking operations, particularlytthek-to-dock assignment problem, e.g., Tsui
and Chang (1990, 1992). Cross-docking is not attoadl warehouse operation. Cross-docking
is viewed as a strategy to reduce the time invgrgpends in the supply chain (Galbreth et al.,
2008). In cross-docking, the function of the warg®changes from inventory storage point to
inventory coordination point (Simchi-Levi et alQ@3). Consequently, some supply chain and
inventory management analysis research uses comgsad setting as a direct alternative to the
traditional warehouse operation (Waller et al, 2006gt, 2010). We control for the share of
cross-docking in operations by using a controlalag.

Now that we have defined receiving and shippingHierpurposes of this research, we
can consider the role of the four key warehouseurees. Labor, lift trucks and warehouse
management system are essential for receivinglapgisag. However, storage system does not
apply: receiving and shipping occurs outside itisTTheans that we are missing an important
spatial component. It is clear that warehouse sizageeded for receiving and shipping, given

the breakdown into specific operations describexapand the shortage of that space may
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severely constrain the goods flow. This spacenisefiand cannot be easily added to within the
context of routine operations, i.e., keeping thistexg warehouse organization and process
design fixed. We will use the terdock spacéo designate this key warehouse resource.

According to Gu et al. (2007), receiving and shiygpare the two warehouse interfaces
for incoming and outgoing material flow. HoweveiGaeful look at Figure 1 will reveal that the
goods have to pass through the warehouse wall tWist to get into the receiving area and
second, when leaving warehouse from the shippieg. arhey go through a warehouse door. The
number of doors and sometimes their specific chianatics (size, availability and length of
dock-leveler, etc.) can put a physical constramthe goods flow in and out of the warehouse if
the demand for the doors or specific type of damtggher than their availability.

There is practically no academic literature on \watese doors that considers the supply
and demand relationship within the traditional viingése operations. The scarce cross-docking
literature considers the optimum door layout fack assignments (Gue, 1999) or travel and
waiting time minimization due to congestion (Bafth@nd Gue, 2000). These works are not
applicable to the insufficient door capacity prabla an existing traditional warehouse
operation. However, there is plenty of evidencenfiadustry that companies prefer more doors
than fewer doors in warehouse layouts, ration aaditor door use when doors become a
constraint, and even break walls to make more dodtse existing warehouse.

Warehouse dock doors meet all the tests of theneeghouse resource. Even with wall
breaking, the number of doors is finite; adding tl@source is very difficult and costly, and it
definitely has the potential to become a constranat slow down the goods flow.

In a way, doors as a resource are similar to labdift trucks: they have capacity

measured in numbers (number of people in the shiffjber of working (available, not broken)
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lift trucks and number of working doors) and proiikity (units of output per unit of time per
person or per lift truck and number of trucks sdrger unit of time per door). Just like
warehouse workers’ skills and lift trucks, doorsyrb@ more specialized or more universal. This
provides insight into the similarity of constrainitgat doors can impose on warehouse operations.
What about lighting, temperature control or firéeta systems (such as sprinklers)? Do
they fall under our definition of key warehouseawses? No, they do not. They are a
precondition to a normal warehouse operation. Tdagybecome a constraint if there is a change
in the content of the operation, but not the voluker example, switching to storing and
handling a different product in the warehouse nempire a change in lighting, ventilation, fire
safety systems, etc. However, as part of the noopelation, these systems do not affect the
goods flow and are not considered key warehouseiress for the purposes of this research. To
emphasize, this research does not consider sihsattben something is broken and simply
needs fixing.
Thus, analyzing previous research and the flowoaidg through the warehouse we have

identified a total of six key warehouse resourdéwy are:

1. dock doors;

2. dock space (area);

3. storage system;

4. labor;

5. lift trucks;

6. warehouse management system.

Any one of them can become a serious bottlenecéomstraint, in warehouse operations.
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Development of conceptual model
Introduction

In this study, we are exploring how the theory efistraints (TOC) works in
warehousing. Specifically, we want to test if impknting the logistics paradigm of TOC will
relax resource capacity constraints and lead todnigerformance in the warehouse in the same
way as predicted by this theory for manufacturingijnments. The generic framework of these
relationships for manufacturing is borrowed frora thork of Inman et al. (2009), who tested

them empirically and found them statistically sigrant. The framework is shown in Figure 4.

TOC + TOC s Organizational
elements outcomes performance

Figure 4: TOC impact model (adopted from Inman et &, 2009).

For warehousing, this model is shown in Figure & iarfurther developed in the next

sections.

TOC elements TOC outcomes
(logistics L (warehouse L Warehouse
i capacity and performance
paradigm) throughput)

Figure 5: General model adapted for warehousing.
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The notion of a constraint and model development

A key notion of TOC is a constraint. A constramtefined as, “anything that limits a
system from achieving higher performance versugats” (Goldratt, 1988, p. 453). The
foundation tenet of TOC is that every system hdsast one constraint that has a negative
impact on its performance. According to TOC, singastraints determine the performance of
the whole system, a way to improve performance relax (“elevate” in TOC'’s original
terminology) the system’s constraints (Rahman, 198&onstraint on the flow of goods can be
eliminated (“broken” in TOC'’s terminology) if eithés capacity is increased or the flow of
goods is decreased. Relaxing the constraint walieiase the system’s throughput but will result
in a constraint elsewhere. A management philos@blepntinuous identification of new
constraints and actions to relax them will lead tugher performance of the organization
(Goldratt and Cox, 1986).

TOC addresses both principal ways to break a canstiThe five focusing steps
(described in the TOC literature review in Chapkeare a way to increase the capacity of the
constrained resource, while the drum-buffer-rogeedaling technique and buffer management
are managerial tools to control the material flowmanufacturing (Rahman, 1998). When
viewed together, they have become known as thstlogiparadigm of TOC (Rahman, 1998).
Application of the logistics paradigm of TOC shouddax the constraint and improve the
system’s performance. We are testing this in theela@using context.

Applying the TOC logic described above to the warede as a system, we can state that
every warehouse has at least one constraint. &r atbrds, the capacity of at least one of the
warehouse resources within the existing operatipradesses has reached a limit and is

insufficient to accommodate the required goods flwihe constraint happens to be at one of its
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key resources, then by definition it is very harddlax (it takes time, money, administrative
effort; or it may already be at its finite capadiyel). We want to see, however, if an application
of the two blocks of elements of TOC's logisticsgaigm (the five focusing steps and
scheduling and buffering) in the warehouse willroeene this obstacle. Thus, the generic model

in Figure 5 can be further contextualized for stisdy of warehousing as follows in Figure 6:

1
Logistics paradigm of TOC I
I
|

Five focusing

|

|

|

| steps |

| \.{A
: | Warehouse & Warehouse
|

|

|

|

|

capacity and
I + throughput Performance

Scheduling
and buffering

Figure 6: Contextualized general model.

TOC elements: five focusing steps

We now proceed to further develop the model by iloglat concrete TOC elements of
the two blocks. To fit TOC to the warehousing cabhtnd use TOC’s constructs in an empirical
study some adjustments are necessary even if eedrb follow the original theory as close as

possible. Let us consider the five focusing stass. f
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We propose no changes to step 1 (“Identify the ttams”). To apply in the warehousing
context, for clarity, three other focusing steps32nd 5) are renamed with little or no change in
meaning as explained below.

Step 2 (“Exploit the constraint”) implies maximikat of the constrained resource
capacity in its existing system configuration (R&l08). To avoid ambiguity, the construct
corresponding to this step is renaniatter utilization of existing resource capacity

Step 3 (“Subordinate all resources to the globalsien”), in addition to using other non-
constrained resources to increase the capaciteatdnstrained resource, included an additional
meaning of not putting forth any effort to incredlseughput of non-constrained resources
because it is pointless:

“The level of utilization of a non-bottleneck istrietermined by its own potential but by

some other constraint in the system... An hour sa¥ednon-bottleneck is just a mirage”

(Goldratt and Fox, 1986, p. 179).

In this study, step 3 is used in a more specifiamreg of exchanging the capacity of
non-constrained resources for an increase of thstined resource (trade-offs). The original
TOC implies that there is no extra cost in impletmenthe first 3 focusing steps (Roybal et al.,
1999). This narrow understanding of step 3 conttadhe findings in the warehousing design
and operations literature reviewed in Chaptett lhas been shown that it is not possible to
optimize more than one resource in a warehoudeeatadme time (e.g., Berry, 1968). Optimizing
one resource is always a trade-off with the otldreh creates an opportunity cost at the design
stage and extra expenses in operating the warehblgs, in this study, we extend the meaning
of trade-offs to include extra inefficiencies arubts in other resources in order to remove the
bottleneck due to the constrained resource andgehtine name of the construct for step 3 from

“Subordinate all resources to global decisionTtade-offs with other resources
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Step 4 (“Elevate the constraint”) presents a unithalenge since it combines an action
and an outcome. In the original TOC literature .(e3pldratt and Cox, 1986) step 4 has two
meanings: (a) continue the actions of steps 2 amtiBthe constraint is relaxed (“broken”), and
(b) add more capacity directly to the constrairesburce. Moreover, this step is also viewed as
an outcome when the constraint is lifted (“elevitethd stops being the most restrictive
bottleneck in the system.

Most subsequent academic literature on TOC doegmotto enough detail on step 4 to
determine its specific treatment, however, bothrjprtetations are found in some academic
papers. Gardiner et al. (1994) and Peschke (2G0fhasize the idea of a goal or result in step 4.
Rahman (1998), who provided an extensive revieW@€ literature, shares the same
understanding when presenting an on-going natutieeofocused improvement process as a

circle (p. 338):

Overcome
inertia \
Elevate Identify
constraint constraint

\ J

Subordinate

all resources Exploit
to global constraint
decision <—

Figure 7: Rahman’s (1998) representation of the ogoing cyclical nature of the 5-
step process.
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This representation, following the original idea@dldratt and Cox (1986), implies a
strict sequence of steps, each of which appedrs ttependent on the previous step. This may be
helpful for managers but is not compatible with tb@aventions of an academic study.

The combined treatment of Step 4 as an action atwbme as illustrated by Reed (2007) is
presented in Figure 8.

In empirical research, constructs should be distnoen each other, so to preserve the
construct expressed in step 4 we must rid it ofatthditional meaning of continuation of the
previous steps and separate from its meaning ttansent of outcome. Thus, what is left of
step 4 is the meaning of acquiring additional cépdor the constrained resource, and,
accordingly, in our model is name#icquisition of additional resource capacity

Step 5 (“Overcome inertia”) stresses the fact timae the previous constraint is
eliminated, a new one will appear somewhere irsgistem that will limit further growth of
throughput. Thus, there is a need to repeat altiges. As has been stated before, the five
focusing steps are in fact a continuous procegs@fovement focusing on one or a limited
number of constraints (Gardiner et al., 1994). tretinuous process of going through these
steps is what makes it a management strategy fedetitiates it from a simple management
reaction to a critical resource capacity situatihile we do not change this original meaning of
step 5, we rename@ontinuity of focused approach to constraint mamaget to more clearly
represent its essence.

The five focusing steps form a second order coostFocused resource capacity
managementwhich reflects the key idea of focused improveniilt into the five steps and

represents the first part of TOC'’s logistics pagadli

48



>
l

A 4

1. IDENTIFY the CONSTRAINT

Determine the system activity whose
capacity is less than the demand placed agn it

A4

4. EXPLOIT the CONSTRAINT

Maximize the efficiency of the constraint

activity in its existing system configu

ration

Has
Constraint
Been

Broken
I)

Nol

2. PREVENT INERTIA
Revise all changes made
in steps 2 & 3 to assure
that they support the new
system configuration

A

3. SUBORDINATE ALL ELSE

Synchronize the operation of all oth
components with the constraint acti

er system
vity

Has
Constraint

Yes

Been

Broken
?

Nol

5. ELEVATE the CONSTRAINT

Increase the capacity of the constraint activ
to eliminate it as the system constraint

—+

y

Figure 8: TOC focusing process fl

owchart from Reid2007).

49



TOC elements: buffering and scheduling

The second component of the logistics paradigmdthm-buffer-rope scheduling
technique and buffer management, is best appli¢iietavarehousing context when it is
understood to be somewhat broader, including wovkfnanagement in addition to inventory
management. In this case we consider not only baffmipulations with inventory to ensure
that the constrained resource is never idle, laat i@clude a potential opportunity to decrease
peaks in the flow of goods through a constrainsduece by actively engaging with suppliers
and customers in efforts to smooth fluctuationsm@oming and outgoing shipments. This view
of buffer management is fully in line with TOC;siimply extends goods flow scheduling and
buffer management to supply chain partners immelgiaidjacent to the warehouse upstream
and downstream. This is consistent with the gdlaas through the warehouse shown earlier in
Figure 3 and in the supply chain literature on Waresing. McGinnis and Kohn (1988)
identified the external warehouse logistics integfaas carriers, suppliers, buyers, and third
party providers. They note, “warehousing may cawat# its activities with carriers (for inbound
and outbound shipments), suppliers (for inboungralents), buyers (for outbound shipments),
and third-party providers (for inbound and outboshgpments)” (McGinnis and Kohn 1988, p.
35). Since a particular warehouse may or may naitwih third party-providers, we collapse
this detailed classification into three broadeegaties: upstream supply chain partners,
downstream supply chain partners, and carriers.

The drum-buffer-rope buffer management and scheduéchnique, generally
considered to be one component of the logisticagigm, is separated into two distinct
constructs and renaméaternal scheduling and bufferirmndexternal scheduling coordination.

Internal refers to the fact that the buffering of workflaecurs completely within the
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warehouse, whereasternalmeans that workflow schedules are coordinated adfacent
partners up or down the supply chain, as has bgaaieed above. The need for splitting the
original construct into two new distinct constrémtows TOC'’s logic of treating separately
constructs requiring different levels of effortidtobvious that it is a lot easier to schedule
operations internally than to coordinate inbound aatbound flow of goods with other firms
even if they speak the same language and are sathe time zone (and that may not even be
the case). To clarify, this construct coversdbgreeof shipment schedule coordination between
supply chain partners, not the variability of tiatisne. The latter should be managed internally

using buffers, for example.

TOC outcomes

The generic construct of TOC outcomes that appadhe Inman et al. (2009) model
shown in Figure 4 should also be specified moreipety for the warehousing context. Since we
exclude TOC's Thinking Processes designed to deghlaenstraints outside the system and only
use TOC'’s logistics paradigm as TOC elements thatd on the internal parameters of the
system, the construct of TOC outcomes for waremgusimply means storage capacity and
warehouse throughput, which are the two primaryedisions of warehouses as discussed in the
previous chapters. Thus, instead of the gener@ ,|J&WC outcomedNarehouse capacity and
throughputwill be used. As has already been explained, aaegito TOC, the capacity of the
most constrained resource(s) will determine theabthroughput of the system, thus the
positive direct effect of TOC elements on warehareggacity and throughput is expected and is

reflected in the model.
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Warehouse performance

It has been noted that measuring performance nkayseveral approaches and it is
frequently a challenge (Fawcett et al., 1996; Rege¢ml., 1996; Min and Mentzer, 2004), so it is
discussed in more detail.

The final construct@rganizational performangen this study is named@arehouse
performance TheWarehouse performan@@nstruct used in this study is somewhat different
from TOC’sOrganizational performancé he latter uses specific global financial and
operational performance metrics for the whole omtion (Rahman, 1998). However, one
warehouse included in the sample may have littigaich on the whole organization that may
include dozens of warehouses that were not survé\dditionally, some warehouses may be
cost centers while others are profit centers. ®sige was recognized in an empirical study of
warehouse measurement systems by Kiefer and Nqt86i8).

Inman et al. (2009), whose approach to researdgrdese are largely following,
encountered the same problem of paucity of constagsociated with performance within TOC
framework. Inman et al. (2009) accepted the suggestade by Mabin and Balderstone (2003)
to combine the three TOC operational measurememisit{throughput, inventory and operational
expense — all three in TOC understanding of thedgand the three global financial
performance measurement items (profit, return @astment and cash flow) with other usual
operational and financial reporting measures aicgiye.

We followed the same approach and decided to usgcsthat reflect more closely the
performance of a particular warehouse rather thawhole firm based on available literature.
Swamidass and Newell (1987) noted that organizatiparformance is best evaluated through

industry and context specific measures. Krauth.€2805) reviewed the literature and published
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a list of more than 130 performance indicators piadly applicable to warehouse operations.
Upon reviewing the list and the summaries of abddlacales in logistics research literature
compiled by Keller et al. (2002) and Keller et(@013), the scale developed by Stank et al.
(1999) was chosen as the basis. Following thiscgmbr, traditional performance metrics for
logistics and warehousing were reviewed using twaustry publications (CSCMP, 2010;
WERC, 2014) and additional applicable items wemrteddo the questionnaire forming the
potential scale for logistics performance.

The financial performance metrics presented antiaddi difficulty. As we noted above,
only 3PL warehouses may qualify as profit centergst warehouses are cost centers. This
dramatically reduces the number of applicable nreasior financial performance and raises a
guestion of whether a good quality financial parfance measure of a warehouse can be
developed at all. We left this question to be amedeluring the pretest phase.

As we built the framework and model based exclugiva TOC manufacturing literature
but found no prior TOC literature on warehousing, felt that we needed some additional input
from industry experts to validate the model or maéme changes in it as the case may be. The
insights we received from interviews with warehopsafessionals — and the implications for the
model - are discussed in the next section. Nowwlealhave defined and briefly discussed all
relevant constructs, the conceptual model initiplgsented in Figure 4 is expanded into the full

model in Figure 9 below.
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Figure 9: Full conceptual model.

Initial model validation

There does not appear to be a single academic reggdinks TOC with traditional
routine warehousing operations. The closest we aleto find was a brief discussion of
capacity in manufacturing operations managemeatdanceptual TOC paper by Gupta and
Boyd (2008), who note that capacity treatment isrotlivided into short-term, medium-term and
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long-term issues. TOC's five-step process impleg short-term capacity issues are addressed
before long-term ones (Gupta and Boyd, 2008). Betsdt really happen like that in the
warehouse?

To clarify this issue and get additional insighike author met in person and conducted
telephone interviews with warehouse managers agistics directors of companies operating
warehouses in a variety of industries (e.g., coreswtectronics, food, automotive, industrial
chemical products, books, beverages, furniture) atd a variety of settings (traditional private
warehousing, 3PLs, mixed (private and third parg)solidated church non-profit distribution,
etc.).

During the discussions, several important findiegeerged. First, the six key warehouse
resources derived from the literature were recaghlzy the participating managers as the
principal resources they manage in their warehousissextremely rare that one of these
resources should completely be absent in a wareh&esond, it became apparent that while
many managers were handling warehouse resourcta@oitsin a manner consistent with TOC,
they were not aware of TOC and did not realize tihey used some of its elements. No
managers were thinking in the categories of thepedger algorithm that gave rise to the five
focusing steps of the logistics paradigm of TO@nlafying a constraint was rarely a problem;
apparently traditional warehouses have less conffdexof goods than manufacturing
enterprises. In most cases, however, more thacamsraint was present at a time, even though
the constraints might be of different severity. Erample, the picking operation may be
experiencing a chronic shortage of specializedrliftks, while the receiving is frequently short

on dock space.
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We had recognized the problem of TOC’s 5-step m®being an artificial algorithm that
was potentially impossible to follow exactly in ptiae and test in empirical research, and we
mentioned our specific concerns when describing 8tand at the end of the previous section.
The interviews with the managers confirmed our apensions. Rather than following the strict
TOC sequence of steps to deal with shortages amdifiging at which step the constraint would
be overcome, warehouse managers evaluated thetg@ferach constraint and applied
remedies they deemed to be most likely to resdleenatter effectively and with minimum cost
and effort. This view is not in contradiction witte TOC steps. Steps 2 (better utilization of
existing capacity of the constrained resourcegapdcity trade-offs with other resources) and 4
(acquisition of additional capacity) can be vievesda hierarchy of focused actions that increase
in cost and effort. The managers perceive therasafiotentially available tools and may decide
to simply “jump in the middle” of this continuumse a combination of actions from different
steps or just spend cash to attack the constraiheavery top. After all, if the constraint isad
need of a highly specialized order picking truckreally solve the problem you may just have to
order this piece of equipment bypassing numerdusrdéss efficient alternatives — a strategic
decision to add capacity, or Step 4.

While not entirely falling into the sequence of TGteps, the managers’ actions were not
lacking a structure. They viewed their actionsemts of 3 categories: (1) things that can be
done within the existing standard operating procesland required only a small amount of extra
effort and no extra cost; (2) things that requsedhe changes in operations resulting in
improvements that came at some costs and necedsgffibrts to use the existing resources in a
different way; and (3) more radical strategic atsithat usually resulted in substantial cash

spending on acquisition of extra capacity and aersible administrative effort.
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Some warehouse managers of larger facilities saw ¢bnstraint improvement actions
as split over areas of responsibility: things @&foan or team leader can do, actions that an
operations manager can authorize, and finally,tenfdil resource capacity that a warehouse
manager, often with the approval of superiors,aaguire.

This view does not change the structure describesieg which is by no means unique.
More commonly it is known as tactical, operatioaatl strategic management. The principal
difference that TOC introduces in it is that alleé types of management must be squarely
focused on constraint elimination.

There is also indirect evidence from the literatsupporting the need to preserve the
essence of TOC while relaxing the rigidity of itsginal framework. Vogt (2010) reviewed
cross-docking operations and reported that wheante to implementation of TOC, the
“approach was not formal, but the principles wertally in use” (p. 111).

Churchill’'s (1979) well-known procedure for scakevdlopment calls for construct
domain (re-)specification after a major insight basn received. Our major finding from the
interviews reshaped the first order construct$ieflogistics paradigm of TOC while leaving the
second order construct in the modéb¢used resource capacity managemenchanged. To
illustrate with a culinary example, the change miadskin to changing the description of borsch
from the sequence of cooking instructions to aagsint menu description highlighting the
salient features and key ingredients. Howeverdible itself has not changed. We believe that
the transition from the original, computer algamitike sequence of steps to more traditional
theoretical time-neutral constructs supported liyadndustry practices is a sizable contribution

to the development of TOC.
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Finally, the interviews with warehouse managershed upon warehouse performance
metrics. The original intent to measure overalletause performance was to use the traditional
logistics performance scale with items from supgigin literature and WERC studies. It would
be of interest, of course, to learn about the etféasing TOC on financial performance of a
warehouse and its impact on the financial perforceasf the whole firm, but the apprehension
was that warehouse managers simply would not khagivien that a warehouse is just one
organizational unit of a firm.

The interviews confirmed this apprehension. Motgrwviewed managers confessed that
they neither knew whether their warehouse madesdiy® or negative impact on the
performance of the firm, nor were they aware ofrttagnitude of that impact. However, it was
also established that most warehouse managersaseglfinancial metrics to evaluate their
warehouse operations. Many warehouses track th#éicaosts, dollar amounts of claims paid due
to picking and shipping mistakes (and mistakestedlaosts such as urgently shipping a
“shorted” item) and amounts paid as demurrage atehtion claims when not being able to load
or unload transportation vehicles on time.

Thus, it was decided to preserve in the full fimadel the separation of financial
performance of the warehouse from its logisticsgrerance, while explicitly recognizing two
limitations of the measure. It is narrow in scopd & substantially correlated with logistics
performance by design because it is comprised kdresign items that essentially mirror the
logistics performance items, such as on-time parémce, picking and shipping mistakes, etc.

The adjusted full model is shown in Figure 10.
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Figure 10: Adjusted full conceptual model.

An argument can be made that the TOC elements némgarom the original model
(Trade-offs with other resourcesmdExternal scheduling coordinatipmay well be absorbed by
the three levels of focused resource capacity me&anagt (tactical, operational and strategic).

TheTrade-offsconstruct is a modified Step 3 from the origin&ddcusing Steps, arekternal
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scheduling coordinatiowas derived by us by splitting the buffering anteduling technique
into internal and external actions following thegilmof the goods flow into, through and out of
the warehouse. Internal scheduling and bufferingpis absorbed in the resource management
levels. However, the interviews indicated thatithenagers were able to recognize the Trade-
offs and External scheduling coordination sepayaferticularly External scheduling
coordination, so it was decided to retain themegmmate first-order constructs contributing to

the higher-order construct as shown in the model.

Now that we have finalized the theoretical moded,state formal hypotheses.

Hypotheses
TOC predicts positive relationships between thestroets as shown by arrows in the
models above. Formally, these relationships atedts hypotheses below:

Hla. Focused resource capacity management isyagidssociated with warehouse
capacity and throughput.

H1b. External scheduling coordination is positivabsociated with warehouse capacity
and throughput.

H2a. Warehouse capacity and throughput are polsitagsociated with warehouse
logistics (operational) performance.

H2b. Warehouse capacity and throughput are pobkitassociated with warehouse
financial performance.

H3. Implementation of the TOC logistics paradignpasitively associated with
warehouse capacity and throughput.

H4. Warehouse capacity and throughput are posjtas$ociated with warehouse

performance.

Figure 11 is a reproduction of Figure 10 with tlypdtheses overlaid.
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Figure 11: Consolidated model showing all hypothese

Hypotheses 3 and 4 are shown with dashed arrofle;tieg the general model, which
was previously shown in Figure 5. The general rhizdagain shown below as Figure 12 but
with constructs consolidated into TOC elements\aarehouse performance, and with the

hypotheses overlaid.
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TOC outcomes
TO(%eilgtri]ggnts + (warehouse + Warehouse
rgd' m capacity and performance
paradigm) H3 throughput) H4

Figure 12: The general model with hypotheses.

It should be noted that this general model for Watsing is not an exact replica of the
Inman et al. (2009) model. Our model is narrowesdape. The TOC elements do not include
Thinking Processes, and performance is measutie &vel of an organizational unit of the
firm rather than the whole firm.

The research method used to test the hypothesgplained in detail in the next chapter.
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CHAPTER IV
METHOD
The survey instrument design and administration
Data collection

The data for the study was collected from a sunfeyarehouse managers. An online
version of the survey was developed using a poularey software application. A paper
version was also developed for those respondestsing to take the survey in that form. Both
paper and online responses were solicited diréstihe researcher during the pretest phase of
the study. Adjustments were made based on feedb@okthe pretest, and the final version was
available in both formats; however, the majority@gponses were from the online version.
There were no differences in questions betweetwberersions; only some technical
differences necessitated by information presemidbomats. However, in the online version, an
option forcing the respondent to respond to cerqaimstions was used where appropriate. The
online part of the survey was administered by aroencial service.

The choice of the online survey format was dictdigds advantages as described in the
literature: ready access to participants, largeygmahic coverage, speed and timeliness,
convenience (including for participants), automatath collection in a ready for analysis form,
and meta-data about a respondent’s behavior (S¢hb®i€7; Wright, 2005; Evans and Mathur,
2005; Bosnjak and Tuten, 2001). In addition to Hbe/survey is administered, the online format
has design advantages: question format diverstytraol of answer order, required completion of
answers, and response-dependent question popskgping capabilities (Evans and Mathur,

2005).
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Some of the online format disadvantages, suchtamiet connectivity issues, lack of
computer skills, and other problems related tdekrel of development of the technology and
user comfort with it, listed in prior literature.¢e, Goldsby et al., 2001; Boyer et al., 2001) were
felt as not being a concern for present-day USbaseehouse managers as the target
population. However, other disadvantages, suctuastmpns about data validity, sampling issues
and survey design issues (Wright, 2005) appeareeé tolegitimate concern. These issues are
discussed in the next section of the chapter.

The survey instrument consisted of an introducpage and four parts. The first three
parts provide demographic information, measureBQT elements, and TOC outcomes and
warehouse performance measures. The fourth seaftitve survey collected data for a research
question for future research not covered by thidystA copy of the survey instrument is
provided in Appendix A, and is discussed brieflyone

The introductory page contains a brief overvievthef study and the survey, as well as
legal disclosures required by the Institutional &ash Board of the University of Arkansas.
Respondents were promised confidentiality to thieguextent allowable by law. The surveys
administered online by a commercial survey serwieee anonymous to the researcher.

The demographic section of the survey collectedchatrmation about the respondent
and the respondent’s warehouse. The questionsiwditferent formats (a Likert scale, a sliding
scale, multiple choice, and free text entry). Fdinea responses to these questions were used to
create control variables. The questions in therqihes of the survey were on a 7-point Likert
scale (from “Strongly agree” to “Strongly disagrge”

The initial survey instrument was reviewed by salvacademics and experts in the

warehousing field, upon which further improvemedntsl refinements were made. This step was
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followed by initial data collection and subsequer@asure purification, once enough data were
collected for the analysis (discussed further enribxt sections). The literature generally
recommends that the number of respondents besatddames the number of items desired on
the final scale, with sample size of at least 28@dpa common rule-of-thumb recommendation
(e.g., Hair et al., 2009). Rough guidelines speally for structural equation modeling (SEM)
suggest at least 100 cases for any but the simpledéls, with 200 cases samples considered to
be “large” and acceptable for most models (Klin@)%). Therefore, the target number of usable
responses for data collection was set at 200 (oe m@ossible). Target respondents were
contacted by a variety of means, including e-mad phone calls, and were asked to fill out the
guestionnaire developed for this study. The quesaioe was placed online; however, a paper
copy and a Word file copy were made available as¢hwho preferred these options during the

pretest phase. The commercial survey service cautaespondents by e-mail.

Data screening

Initially collected data were subjected to scregnMissing data were not an issue for
online responses because of the forced resporsggdet the questions collecting data for all
variables. Cases of missing and unusual valudsingsponses solicited by the researcher
directly were rectified by contacting the respeetiespondents with a request for clarification.

Next, data were reviewed for signs of departusenfnormality, linearity and
homoscedasticity, which are the assumptions ofggeession analysis. Data collected from
Likert scales often violates normality assumpti@nal, 2007). Kurtosis and skewness of several
predictor variables of interest were particulady from normal, a common occurrence in Likert

scales data. However, many of the issues are knowminish when the variables are

65



aggregated into scale variables. Following the menendation of Tabachnick and Fidell (2007),
residuals were screened for normality. Visual iesipe of histograms and plots of standardized
residuals showed that the distributions of standadiresiduals of the dependent variables were
close to normal. Only minor departures from lingeaind homoscedasticity were observed.
According to Tabachnick and Fidell (2007), if tlesiduals plots look normal, there is no need to
screen individual variables for normality, besidetividually normally distributed variables do
not guarantee multivariate normality (p. 83). Twdhe control variables, however, were

transformed into a logarithmic form to improve natity.

Addressing potential bias
General considerations

In this section we explain how we addressed isagssciated with common method
variance. For the following discussion, we relgkly on the influential work of Podsakoff et al.
(2003) as well as papers by Williams et al. (204 Craighead et al. (2011).

One of the biggest threats to validity of any reskeas measurement error. It consists of
two parts: random error and systematic error. Oag t@ reduce random error is to use multiple
items measuring the same construct, an approa@mpéy in this study where appropriate.

Systematic error is believed to be a bigger probl&@mcause it provides an alternative
explanation for the observed relationships betwaeasures of different constructs” (Podaskoff
et al., 2003, p. 879) and may lead the researohemrdneous theoretical conclusions. Systematic
error may be introduced by a method bias, or vagan

Surveys are particularly prone to the method bresin as common method variance.

Common method variance is defined as, “the amolusparious correlation between variables
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that is created by using the same method ... to mea&sch variable” (Craighead et al., 2011, p.
578). It may vary in the direction and strength,dedn either inflate or deflate observed
relationships between constructs, thus leadingth Bype | and Type Il errors” (Podsakoff et
al., 2003, p. 880).

In survey-based research, the most likely sourmesdmmon method bias are effects
introduced by the common rater (e.g., consistenayffmimplicit theories, social desirability,
leniency and acquiescence biases, and mood arsieindamood states), item characteristic and
context effects (e.g., common scale formats anti@sc¢cand scale length) and measurement
context effects (e.g., measuring predictor andaute variables at the same location or point of
time). Several of these factors may play a rokhatsame time (Podsakoff et al., 2003).

The possibility of presence of common method vareashould be taken into account at
all stages of the survey-based research procesgysdesign, administration and evaluation of
results. The tools available to the researcheplamning and administering the survey in a way
that minimizes common method variance, diagnogingaon survey completion and taking
corrective action if necessary. Podsakoff et £l0@ grouped the techniques for controlling
common method variance into two main categoriescqutural and statistical remedies.

The two categories differ in applicability to resgadesigns. Both can be used in
reflective models, but formative models effectivphgclude the use of currently available
statistical remedies. In formative constructs,dffects of the method bias should be measured at
the construct level rather than the item level,unfortunately, available remedies result in
identification problems (Bollen and Lennox, 199bdBakoff et al., 2003). Thus, when using

formative models, Podsakoff et al. (2003) adviseskarchers to, “be even more careful than
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normal in designing their research because proeédantrols are likely to be the most effective

way to control common measurement biases” (p. 900).

Remedies against bias used in this study

Severely crippled in the choices of statistical eeies available for formative models, we
have performed a commonly used traditional Harmaimgle factor test, which involves
examining variance accounted for by all variablean exploratory factor analysis (EFA).
Common method variance is said to be present wheriaztor accounts for the majority of the
variance or only one factor emerges from the utedtaolution (Podsakoff et al., 2003;
Craighead et al., 2011). While neither was trueuncase indicating the absence of a serious
common method variance problem, we acknowledgadite in Podsakoff et al., (2003) that
Harman'’s test is a diagnostic procedure rather ghaamedy, and it is an insensitive test.

Some of the actual remedies recommended by Podsaladf (2003) in the “procedural”
category were employed at the survey design s@e.such remedy is creating a psychological
separation between the predictor and outcome Jasadbrough a cover story that seem to make
their measurements unrelated. This was first attedhin the pretest version of the questionnaire.
Its face validity was assessed by academics angsindprofessionals contacted during an
annual meeting of a major supply chain membershget organization. Several comments
received indicated that the lack of match of theageaph explaining the purpose of the study
and the composition of the questionnaire to thestjoiles asked in it was too noticeable and
raised questions. Thus, it was adjusted to claferat the contents; however, any mention of

warehouse performance measures was omitted franpanagraph.

68



Another recommended remedy is guaranteeing anopymiespondents. The majority
of responses were received online through the camalesurvey service company, and
anonymity of responses (to the researcher) wasditian of the service known to the
respondents. However, respondents contacted lngslearcher directly could only be promised
confidentiality. The means of several items ofribgulting subsamples were found to be
significantly different in statistical terms, andbimary control variable had to be used in
subsequent analysis of the combined dataset. Wieileeport it, we do not make a claim about
the reasons for the difference. An unknown undegdyactor could be the reason, and a
theoretical probability of obtaining several stitiglly different means of items of two random
subsamples from a relatively small sample alsa®xis

Conflicting advice exists on question order. Randdamg questions is suggested to avoid
some of the item context and consistency effeatsth® other hand, Posakoff et al. (2003)
cautioned about intermixing bias, another typeearhicontext effect that may increase
correlations between constructs and decrease abores within a construct due to an item from
a different construct mixed in the group of samestact items. Control of the answer order is
believed to reduce bias (Evans and Mathur, 200%th Wfew exceptions, the survey was
constructed in a way that items were grouped bgttoats. The exceptions were mostly to
preserve question order when items were deletecdaied during the initial pretest. Following
advice of Evans and Mathur (2005), a graphical megjindicator was employed to avoid an
impression of an endless number of questions oregEondents.

One remedy recommended by Podsakoff et al. (2008wt reservations is improving
scale items by eliminating ambiguity. The six wayslo it listed in the paper focus on clarity,

simplicity and definitions or explanations wherervaated. We took this recommendation
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seriously from the start and further improved thstriument based on the review by academics
and industry professionals during the initial psét&V/e report here several examples as an
illustration:

- Abbreviations (e.g., WMS) and complex terms (argernal order cycle) were
explained.

- Discrepancies between industry jargon (referringrip type of a lift truck as a
forklift, the most common material handling machin¢he warehouse) and official
language were explained at the first encounter thighterm.

- TOC specific terminology (e.g., constraint) wasided, except where necessary as a
validation check for respondents claiming to useCT{@llowing the approach of
Inman and Sale (2003)).

- Each question was edited to fit on one line forghper version of the survey (the
online version had exceptions due to survey so&iaritations)

Behavioral issues in data validation

Survey data screening on behavioral grounds isften performed or reported in supply
chain literature. We hope that this section th&itkeour efforts to reduce potential data quality
problems in the study introduced through behavissales by respondents will have a merit on
its own as a mini-case example of specific actiartbis respect. The difference from the issues
discussed in the previous section is that this@ecdeals with measurement error that can be
introduced through respondents’ disregard of exguestirvey taking procedures or intent to
distort data.

Uncertainty about data validity is noted as a prym@ncern in online survey research by
Wright (2005). Some of the issues are not diffefearh those that occur in traditional mail
surveys (Schmidt, 1997). The identity of the resjgm cannot be guaranteed, and it is just as

easy for respondents to misrepresent any demogragbrmation or their feelings towards the

70



matter of the survey (Wright, 2005). However, Salint1997) notes that the online survey
research validity is likely to be stronger for sfiemarrowly defined populations that can also
be screened online and offline. He suggests (p. &5 “conservative researchers” employ a
screening questionnaire for respondents to denairdtiat they meet certain criteria, a
recommendation we followed.

Since the main survey was to be administered lbyra party anonymously online, the
respondents were asked qualification questionstabish that they were warehouse managers
and they were familiar with the daily operationglwdir warehouses for at least three preceding
years (the period covered by the survey). Thoslyirgpnegatively to any of the screening
guestions were taken directly to the survey exttea, and their responses were automatically
disqualified by the software.

However, we were aware that a screening block e§tjons at the start of the survey to
eliminate participants who have truthfully reportedir demographic data indicating their
ineligibility for the survey is not sufficient tmeure quality data collection. There are accounts
in the literature of cases of grotesque abuse bfbased surveys, such as one individual
submitting 65 responses (6% of the total numbeegponses) in a survey conducted by Konstan
et al. (2005). The paper recommends a rigorous\ddidation protocol that includes both
automatic software checks and manual responsexeldging some of their recommendations
applicable to our study, we have developed our psatocol, presented below.

In addition to the starting qualification questiahscussed above, our online screening
method employed a built-in attention check to prevesponses from respondents not reading or
thinking through questions from entering the da&ta Birst, a polite cautioning message against

answering the questions without reading or thinkirgg displayed as a separate screen to ensure
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that it catches attention. The message was follaw#ae next section by an attention check
requiring a respondent to select a particular angi&trongly disagree”). The answer was
chosen in contrast to the prevailing responsesahhlock of questions as determined from the
online survey pretest. Failure to select this amdackto an automatic survey attempt
termination. It was believed that after the speaifarning message, the respondent’s apparent
disregard for the request to pay attention indat&ie or her openly defiant attitude and behavior
that was deemed incompatible with obtaining retaddta from such participant.

Bosnjak and Tuten (2001), who studied responsevi&isan web-based surveys,
pointed out the ability of survey software to cotleneta-data about respondents’ survey taking
behavior such as a chosen order of answers or@tveeen survey start and survey completion
for each respondent. Boyer et al. (2001) raised¢emrs about data obtained in superfast
responses (in their case, 1.5 minutes comparegpimaimately 18-minute average) and
concluded that, “the ability to track the time spilting out the survey offers some value to
researchers who seek to balance and optimize b@thtity and quality of respondents” (p. 6)
implying that unreasonably fast responses neee ttebeted as unreliable. We followed this
suggestion.

During the online pretest phase, a reasonable mespame was determined to be near 20
minutes. The website of the commercial service atstaring surveys employing this software
recommended an automatic cut-off time (if used)dset as one third of the average time
recorded during the pretest. To ensure higher tyuaflidata, a more conservative cut-off was set
at 13 minutes. Responses that took less time t@latenwere disqualified by the software.

Several additional manual checks of data consigtesmee built in. For example, the

same question (about change in business over ardgeiod) was asked twice in two different
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formats: as a sliding scale in the opening demdgdcagection of the survey and on a Likert scale
towards the end of the survey. Following the apghazt Sale and Inman (2003), several
guestions were paired with immediately followindigation questions asking the respondent to
enter information explaining the choice made onptevious question. Free-text validation
responses were particularly useful in identifyingage of multiple attempts to take the survey by
one individual using an IP-address manipulatiotvgafe to bypass the multiple response block
of the survey software.

All remaining responses were reviewed manuallyirfetances of “straightlining”

(picking the same choice for all questions in tleek) and other clear geometrical patterns
formed by responses on the screen. In additionpeoisons of responses to objective data
guestions with the average pretest and industig, ddtere available, helped flag suspicious
responses for further scrutiny. For example, redpots reported their warehouse square footage
and number of employees as separate questionsigo@sponse review, a ratio of workers per
square foot was calculated and compared to otkhependently obtained data. Ridiculously

small or large numbers were a reason for suspenshcounted as one failed check.

Finally, modern survey software offers some autaenwasponse validation for certain
types of questions (e.g., the expected numberarfackers in the entry), and it provides an
option thatrequiresthe respondent to make a correction, areguestt, but still allow them to
proceed. We want to point out that the second otiwe request), was used to set up a response-
dependent activated question. This offers indirgcrmation about a “bad” attitude of a
respondent who chooses to ignore it and procedtutitmaking a correction to their previous

response.
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Responses, failing more than one soft check, wisrudlified in a simple approach. A
second review assigned weights (in points) to tfferdnt checks, and a penalty point threshold
was established as a criterion for response eliioima

A generalized summary of our data validation proteg shown below:

1. Eligibility criteria through demographic questsoat survey start.

2. Warning message + attention check question.

3. Minimum completion time cut-off (if there aretrenough pretest data to calculate a

standard deviation for good quality responses wdttfidence, we recommend 2/3 of
Itirt])ee ra;l\ll)erage time for good pretest responses assem@tive cut-off and 1/3 as

4. Same objective data question asked in diffdi@ntats in different parts of the survey.

5. Free-text validation questions automaticallyvatéd for unusual or out of expected
range responses.

6. Automatically tracked deliberate failures tdd@l specific instructions when
requested.

7. Manual review for “straightlining” and geometi@atterns in responses.

8. Separate objective data collection for a corsin of an index to be compared with
industry or pretest averages.

9. Assigning weights to the data quality checkg.(én points) and setting up a cut-off

number of points for response elimination.

It is important to note that response screeningedingination of poor quality data due to
respondents’ survey taking behavior was based @iutly determined parameters and took
place before any statistical analysis. In many waigsakin to outlier deletion on statistical
grounds and should not be interpreted as data miatign.

While we believe that the extra diligence in settip the survey instrument and

reviewing the received responses for any problesssdefinitely reduced the amount of
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systematic bias and noise in the resulting dats,impossible to eliminate the problem
completely. Some bias may be inherently preserdumewe use self-reported measures of
warehouse performance. The warehousing industrgrisdiverse and a single universally
accepted set of performance metrics simply doegxist. In situations when preferred objective
performance measures are not available, the useroéived measures of performance is
acceptable (Dess and Robinson, 1984). Sale anchl2083), who used perceived performance
measures in their empirical TOC research, notet] tladlthough self-rating scales are criticized
for potential bias, this is less a concern whermdias is generic and where the ratings are used
in a relative, rather than absolute, measure” 36).8We use the same 3-year period for
performance comparison as Sale and Inman (2008)elative performance measure to
minimize the potential bias. The development of sneas for the constructs for this study is

explained in more detail in the next section.

Model specification and measurement
General considerations

In this study, we followed widely recognized recoemdations of Churchill (1979) and
Gerbing and Anderson (1988) for conducting emplitieaearch. According to Churchill (1979),
the starting step of scale development is consttotain specification. Our work on this step
was explained in the previous chapter. In the steqt, items to measure constructs were
generated based on literature and other sources.

While earlier empirical work for manufacturing edi on respondents direct statements
acknowledging the use of TOC (e.g., Sale and InfB@@3), we could not use this approach

because very few warehouse managers were awa@®©f dven though they used some of its
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elements, as our interviews showed. Similar eviderane from the literature based on field
work (Vogt, 2010). Other empirical TOC papers (Irmed al., 2009; Moss, 2007) also employed
scales to establish TOC use. That is why we choseat all TOC elements as latent constructs
that could be measured by reflective items. Thersg@orde~ocused resource capacity
managementonstruct was modeled as a formative construct.

Initial measurement items for TOC constructs weredwed from empirical TOC
literature, specifically, Inman et al. (2009) and94 (2007). The scale items were adapted to
reflect the warehousing context where necessatiowiog the approach of Kocabasoglu and
Suresh (2006), several additional warehouse spetafns were added to the scales based on
theory to reflect modifications to the construatscribed in the previous sections. Finally,

extensive interviews with industry professionalsuieed in additional adjustments.

Scale structure analysis and purification

Churchill (1979) suggests that after an initialededllection, purification of measures
should take place. These and the preceding stepdenapeated as a cycle as needed. In
addition to reviewing the inter-item correlationtnbawhen practical, a common way to analyze
the structure of the scale to establish constraludity is by using factor analysis (Clark and
Watson, 1995), also recommended by Churchill (19YBgre are arguments in the literature
both in favor of exploratory (EFA) and confirmatdi§FA) factor analysis for the purpose. This
study followed the recommendation of Kelloway (1p86d Hurley et al. (1997) to use EFA in
the early stages of scale development because EfyAshow loadings of items on non-

hypothesized factors.
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Kaiser-Meyer-Olkin tests of sampling adequacy ahe0.8 (as recommended by Hair
et al., 1998) and significant Bartlett tests ofesjtity indicated that it was appropriate to
perform factor analysis on these data. The fasterg extracted using the principal component
analysis. The Promax oblique rotation allowing fideeors to be correlated was used with the
default parameter kappa = 4. Guidelines by Haal.g1998, p.112) for identifying significant
factor loadings based on the sample size and casyostatistical assumptions indicate that
loadings of 0.40 and above, are significant for gl@nsizes of 200 and greater. A more
conservative approach was adopted to retain loadibgve 0.5 with no cross loadings on other
factors higher than half of the loading on the feot” factor. Per Hair et al. (1998, p. 113),
communalities, which represent the amount of vagaaccounted for by the factor solution for

each variable, were deemed acceptable for varatdation if they were 0.5 or higher.

Validity and reliability of scaled variables

An important part of an empirical study is evalogtpsychometric properties of the
employed scales: validity and reliability. Validigsesses how well a measure or a set of
measures represents the concept of the studybilliaassesses the consistency of the
measurement (Hair et al., 1998, p. 3). In otherdspvalidity refers tavhatis measured,
whereas reliability relates twowit is measured (Hair et al., 1998, p. 3). It istouzary to
evaluate validity of the measures first since thialrdity is an assumption for calculations of
reliability (Hair et al., 1998, p. 611).

There are several types of validity and ways tduata them applicable to empirical

research that uses a method of statistical anallysisnderstand whether the theoretical meaning
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of the concept is captured in the operational d&fim of a variable, researchers look at construct
validity and its two measures: convergent and disoant validity.

Convergent validity tests the closeness of assoniaff related measures in a scale by the
strength of its inter-item and item-to-factor céatmns (factor loadings). Inter-item correlations
were reviewed first and found acceptable. Whildhbargnter-item correlations are desirable as
they will indicate that items measure the intendexcept, very high correlations are an
indication of redundancy in the scale (Clark and&tia, 1995). Convergent validity during EFA
was established by following the procedure of eliamting items with low loadings on the factor
(below 0.5).

Discriminant validity, as the name implies, te$tsvio unrelated factors do indeed appear
as unrelated when measured by proposed scalesisThiglenced by very low cross-loadings of
the items on the unrelated factors. Items with lugiss-loadings above half of the principal
loading were removed.

Reliability also lends itself to assessment wittadety of means. The most common one
is Cronbach’s alpha that measures the consistdrttye avhole scale and ranges in values from 0
to 1. The recommended lower limit is 0.70, with@a&:ceptable in exploratory research (Hair et
al., 1998, p. 118; Kocabasoglu and Suresh, 200Ber(ossibilities to assess scale reliability
are composite reliability (same as Cronbach’s alpitawvith unequal weights of items) and
average variance extracted, which can be estinigt@dodern software packages. In this study,

we used Cronbach’s alpha with a cutoff value obQdbassess reliability of the scales.
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Scaled variables construction

To obtain factor score estimates, Tabachnick addlFi2007, p. 650) recommend a
simple summation of scores of variables that lagtiliz on the factor as an adequate procedure
for common research applications. They also paihtlat standardizing variables is not
necessary if the standard deviations of variablesaughly equal, as was the case with our data.
Hair et al. (1998, p.116) note that averaging ttwes is more common than combining them.
We chose to average the scores also to ensurerequasentation of the factors in higher-order
scaled variabledHpocused resource capacity management, TOC logisticadigmand
Warehouse performankdf combined scores were used, factors with niteras would have
contributed more to the higher-order variable.

SinceWarehouse performanaeeas created as a two-item scale, its reliabiliaggw
assessed by Cronbach’s alpha (0.689). The othecawposite constructs are discussed in the

next subsection.

Formative constructs

An important latent construct specification deaisfor a researcher is modeling a
construct as reflective or formative. The primdifyerence is in the direction of causality.
While reflective measures are caused by the lammgtruct, formative measures cause it (Freeze
and Raschke, 2007). It is critically importantistinguish between the two types of constructs
(MacKenzie et al., 2005). Construct misspecifiaaiod this type (a reversal of causality
direction), particularly in models estimated bystural equations, leads to misleading results,
which in turn may result in erroneous theoreticaldusions (Jarvis et al., 2003; MacKenzie et

al., 2005). It is possible to define a latent Vialeaas mixed, i.e., having both causal and effect
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items however, in most cases defining a latenabdei with item paths going in just one
direction is more practical (MacCallum and Browh893).

To distinguish reflective and formative perspediue construct design, it is common to
refer to a formative latent variable as a compositecale as an index and a model containing at
least one formative construct as a formative m@deimantopoulos and Winklhofer, 2001,
Bollen and Lennox, 1991). We followed this conventwhere it was necessary to avoid
ambiguity.

In addition to the primary difference in the diiectof causality, there are several other
special traits that distinguish formative constsucom reflective constructs and are taken into
consideration in this study. Most authors (e.geee and Raschke, 2007; MacCallum and
Browne, 1993; Jarvis et al., 2003) note that (bp@ing an item may change the conceptual
domain of the composite; (2) a change in an indeiable will cause a change in the composite
but not necessarily vice versa; (3) causal itemsatdave to be correlated with each other or
have low correlations with items of other constsu@ased on the causality direction and the
additional criteria above, we have originally sfiied as formative two constructSsocused
resource capacity managementhe full detailed model antiOC logistics paradignn the
general model.

External scheduling coordinatioa construct that emerged from our consideratfon o
physical warehouse transportation interfaces, widiglly specified as being measured by a five-
item scale. After the pretest, one item was deldtedas also recognized that the construct was
specified as mixed: out of four remaining itemsthwere formative, and one was reflective. For
practical reasons and following the advice of Mdt@a and Browne (1993), it was decided to

remove the reflective item and specify the constasccompletely formative.
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While we have modified the original logistics pagad of TOC by removing the
temporal, sequential organization of its elementsadding an extra elemeiiixternal
scheduling coordinationwe have not changed the principal relationsiefpvieen the elements
and the underlying construct. Whether reflectivéoomative, the validity of all constructs must
be established to assure that theoretical intexpoetis based on sound results. Unfortunately,
the traditional means to establish validity andhtzlity of scales (Cronbach’s alpha, CFA, etc.)
are not applicable to indexes (Bagozzi, 1994, Drawy@oulos and Winklhofer, 2001). While
conceptual consideration plays a major role irr@fifng validity of formative constructs,
Diamantopoulos and Winklhofer (2001) propose sdweiidity checks by creating and testing
mini models of specific configuration. We performate of the checks applicable to our model
that tests the direction and significance of thia loeefficient from the composite construct to
another latent construct with which it should bgid¢ally linked in the full model. While the
conceptual considerations are given the main weigthte construct and item specification,
where we are clearly guided by TOC, the formatiestructs in our model passed the tests as an

extra indication of external (nomological) validiy the constructs.

Control variables

Finally, several control variables were used inrtlagel estimation. The traditional
control variables are warehouse size (square featagumber of employees), warehouse type
(3PL or cost center), and prevailing picking typade or pallet) (WERC, 2014; Stank et al.,
1999). For a measure of size the number of empfoyes chosen over the square footage,
because headcount is much more easily changedhbararehouse surface area and, thus, more

accurate for the purposes of this study.
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We also controlled for the degree of automation @ods-docking activities in the
warehouse because more rigidly structured operatintexts reduce the flexibility of resources,
and therefore limit a manager’s ability to affe@rehouse measures of capacity and throughput.

Additionally, a growth (or decline) of business ptge past 3 years, the time span
chosen for this survey following the work of Sateldnman (2003), may have an effect on our
outcome constructs. Particularly, in a situatiota$iness decline, the resulting excess capacity
in warehouse resources may limit the appeal ofgu@C in the warehouse. Parenthetically, we
will remark that TOC still applies, but the congttas external to the warehouse (e.g., lack of
demand), and TOC has a component (Thinking Prosesséeal with external constraints,
however, it is not considered in this study focusedperations inside the warehouse.

Means of several variables for two groups of supaiticipants, “anonymous” (received
through the commercial survey service) and “comfi@dd” (solicited by the researcher directly)
were found to be statistically significantly diféert. A control binary variable was introduced
into the regression models to account for the wagaassociated with these differences.

The final control variable was a constraint indekjch needs a more detailed
explanation. No prior TOC literature was found aqgddle to constructing a measure of how
badly constrained resources are in a warehouses@uey used a 7 by 7 matrix that requested
respondents to select which of the six key resauacel an additional “other” resource, if
applicable, for which they experienced a shortagef least six months in any 12-month period
over the preceding 3 years. They were then askeaté the severity of the shortage on a scale
from 1 (“Not severe at all”) to 7 (“Extremely see&). Even though TOC states that each system

has at least one constraint, a forced responseropts not chosen for this question in the online
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version of the survey to allow for a possibilityaoystem constraint outside the warehouse.
However, the few responses with nothing selecte@ wempletely excluded from analysis.

The original TOC does not prohibit multiple consita. The number of constraints is
limited, “by the number of independent ‘chains”’dl@ratt, 1990, p.124). It was shown earlier
that a regular warehouse typically has two disjows, each of which may have different
constraints. However, more than two constraintassible in each flow. For example, it is
feasible that a picking operation may not reaclgaal because of a shortage of personnel,
forklifts, and dock space at the same time. Thezaky, any one of the three constraints could
be the worst and the most limiting one, and they svaeitch among themselves as capacity is
added to them at a different rate. However, theagars comparing the capacity of available
resources with calculations of needed capacitgaacit the order preparation target (i.e., the
number of people, order picking trucks, and sqf@otage for prepared orders on the dock) are
likely to perceive that they have multiple consttaieven in one chain. Hence, multiple
selections were possible and expected in the suqwegtion matrix. The difficulty for the
researcher was how to combine multiple constraihtifferent severity into just one variable in
order to effectively measure the overall level ofistraint within the warehouse.

In a situation similar to this, Geri and Ahituv (&) applied TOC to joint IT systems
implementation in the supply chain. They used & Ibcell matrix with 3 levels to choose from
in each cell. They assigned numerical values a&f @nd 2 for each of the cell choices and
constructed an index based on the sum of all nwaderalues plus an arbitrary 50 points for
another condition that deemed to be very imporfalnis simple summation approach plus an
arbitrary correction for another condition was dedmot appropriate for our study. Clearly, 7

resources mildly constrained at the level of lravethe same condition as having one level-7
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severely constrained resource. Instead, a comnatistgtal practice of squaring values and
summing them was chosen. This resulted in a canstralex (CI) with the range of potential
values from 1 to 343 (for 6 plus one resourcesywewer, it was difficult to predia priori if the
Cl of the warehouse will significantly impact anfytbe predicted variables. To improve

normality, the CI variable was transformed int@gdrithmic form.

Choice of an estimation technique

Due to the latent nature of constructs in the matiel recommended technique for
statistical analyses normally would be Structurgli&ion Modeling (SEM) (Hair et al., 1998;
Kline, 2005). SEM is not a single technique bubbection of confirmatory statistical
procedures to examine relationships between ongoe independent variables and one or more
dependent variables (Ullman, 2007; Kline, 2005) ppeviously mentioned, CFA is considered a
special case of SEM (Ullman, 2007), just as is BK&abasoglu and Suresh, 2006). The
primary advantage of SEM is that it allows onevaleate multiple relationships between the
construct in the measurement model simultaneously.

However, for the covariance-based SEM estimatienetiis an identification requirement
for formative models that our model does not conwali: any composite variable must emit at
least two paths to unrelated latent constructvigat al., 2003). The possible alternatives to the
two latent constructs are a minimum of two theosdly appropriate reflective indicators or a
combination of latent constructs and reflectivacatbrs. Our model does not satisfy any of
these conditions. There is only one path emandtorg the composite variables to the
Warehouse capacity and throughpatient construct. Thus, SEM was deemed inappriapas a

model estimation method.
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Instead of SEM, hierarchical multiple linear regies, which is the most common
technique, was used to test the model. We useckgttmate the function Y = K( Z), whereX
is a vector of dependent variables of interest,Argla vector of control variables. The
hierarchical (sequential) variety of regressionwali entering the covariates (controls) on the

first step followed by the independent variablestdrest.
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CHAPTER V
RESULTS
Sample overview
The final sample from all sources included 215 oeses, which roughly corresponds to
a 2% response rate Profiles of a typical responaetitwarehouse in the sample are presented in

Table 1 and discussed in more detail further.

Table 1: Profiles of a typical respondent and warebuse

Category Value
Warehouse

Size (employees) 45
Years operated 17

Growth of business over 3 years, % 26

Place in supply chain distributor or wholesaler
Primary goods stored fininshed

Industry by primary product consumer

Predominant picking type by case

Manager

Scope of responsibility, warehouses 1

Years in charge, period 3to6

While respondents were specifically requested $pard to all questions about one
warehouse, they were also asked to select how marghouses they managed. More than half
of the respondents (57%) were in charge of justvesr@house, but 21% were in charge of two,

and the remaining 22% of respondents were resplerfeibmore than two warehouses.
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One survey question asked respondents about how yeans they were responsible for
their warehouse. In addition to simply collectirgmibgraphic information, respondents who
selected the answer “0 — 2 years” were shown aiti@aal question asking if they were familiar
with the operations of their warehouse for the plagte years, and those answering negatively
were automatically disqualified from the surveydgse it covered a three-year period of
warehouse operations. This affected the demograjiticbution of respondents to this question
by reducing the share of those who had been redperisr their warehouses for less than 3
years (but had a good knowledge of operations tloerde full 3 year period) to 11%. The
largest category of managers (39%) were in chaf¢jeetr warehouses from 3 to 6 years, the
next largest (30%) — from 7 to 10 years, with ta@aining 20% having managerial
responsibility for their warehouses for more th@rnygars.

In addition to questions about warehouse manatiersurvey collected basic
information about the warehouses as well. The @evearehouse employed 45 people not
counting the management, with a standard devi&8@) of 73, and was operated by the
respondent’s company for 17 years (SD = 14). Owvethiree years, an average warehouse
experienced a 26% growth of business (SD = 31gtiestion was in the format of a sliding scale
allowing a decline as well as growth).

For control purposes, the warehouses were splitfour categories. When respondents
were involved in more than one type of businessy there asked to indicate the one most
applicable. Fifteen (7%) were for profit third-palbgistics providers, 72 (33%) were primarily
manufacturers, 108 (50%) were wholesalers, and.@%]) were predominately retailers. In a
binary division by product type, 116 (54%) of tespondents handled primarily industrial

goods, and 99 (46%) dealt in consumer productsthandinary category, type of picking
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(predominantly by case or predominantly by pallegulted in a split of 140 (65%) to 75 (35%),
respectively. As expected, the largest storageyogyevas finished goods (125 warehouses;
58%).

Arguably, the most interesting part of the desorgstatistics of the demographics
section of the survey was the constraint index.(I&d)logarithmic transformation used as a
control variable in a regression\&arehouse capacity and throughgtilOC Outcomes) on its
predictors was statistically significant with a pin® coefficient. While it played its intended
role, it is meaningless to interpret a log-transfed control variable. Instead, we offer a brief
discussion of individual constraints data that wesed in the construction of the index.

To remind, respondents were asked to identify ansingey warehouse resources the
one(s) they were short on in the preceding threesyand rate the severity of their constraint on
a 7-point Likert scale, where 7 was the most segenglition. Additionally, respondents had an
option of selecting and rating an “other” resoui@e well as identifying it in a conditionally
activated subsequent question). Table 2 illustideslistribution of the constraint incidence

frequencies and severities among the key warehegserces.
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Table 2: Frequency and severity of constraints

Constrained Number of Percentage @ Mean

resource warehouses in sample severity SD
Doors 133 62 2.30% 1.69
Dock space 162 75 3.55 1.87
Storage 184 86 4.09 1.93
Personnel 168 78 3.79 1.91
Lift trucks 150 70 2.87 1.77
WMS 140 65 3.19 1.94
Other 101 47 2.63 1.93
Average Cl 215 100 70.64 56.38

a. On a Likert scale from 1 (lowest) to 7 (highgst)ly the warehouses
that reported a shortage of this resource weredea in the calculation
of this statistic.

b. Allowed range from 1 (lowest) to 343 (highest).

As seen from the table, the biggest constrainifamehouses in the sample is lack of
storage space, followed in the descending ordsewérity by a shortage of human resources,
dock space, IT resources (WMS), lift trucks, mikoetous other resources and doors. These
rankings agree with anecdotal evidence from ingug§tonstraints due to lack of the two key
warehouse resources, storage space and work faree always been the primary concern in the
business growth scenarios and a focus of mucheai¢hdemic research as has been shown in
the literature review in Chapter Il. Not only d@#e problems occur most frequently (the largest
share of warehouses that reported them), but bésoriegative impact is perceived as the
greatest (highest mean severities).

A close third in the rankings list is dock spacegsource that is barely mentioned in the

literature. However, industry professionals knovs ithe easiest one to trade off when there is a
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shortage of storage space by storing some produitteodock. This is likely the reason for its
high spot in the hierarchy of constraints.

At the bottom of the list are doors and miscellarseother resources. More than half of
the warehouses in the sample reported that theg>gidrience a shortage of doors in the
preceding three years, but the severity of it appgabe very mild. Again, doors were
overlooked in academic research, but the industideace shows that it is easy to increase this
resource by simply working overtime or restructgrine shifts (going from one to two, or
switching to a 6- or 7-day working week). This igade-off with personnel, the most flexible
warehouse resource.

The respondents’ choices of the miscellaneous fottaegory, when examined in detalil
through the supporting text, appeared to contamesexternal constraints as well as many
extensions of the previous six key resources whspandents used it as a way to explain their
problem in more detail. The lack of a common theémihis category is an indirect supporting
evidence of the fact that the six key warehouseurees identified in this study appear to
completely cover the typical constraint problema marehouse.

If the “Other” category is excluded from the averagarehouse ClI, it assumes a value of
65.65 (SD = 51.74), only 5 points below the full @Ihile a pairwise t-test of the means was
statistically significant, the replacement of thé €I by the adjusted CI (both in the logarithmic
form) had virtually no effect on the regressiorutesin terms of coefficient of determination,
regression coefficients and t-values significafi¢e results of this study are reported with the
full CI.

It is also worth noting that in the three-year pdran average warehouse reported

experiencing constraints in four different key warese resources out of six (Mean = 4.36; SD =
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1.92). The average adjusted Cl value of 65.65 iscarivalent of having all six key resources
constrained at a medium level (between 3 and 4eT4point Likert scale), or of having two
severe constraints (between 5 and 6). Therefareneusion follows that warehouse managers
have to deal with constraints in the key wareha@aseurces on a regular basis.

To conclude the review of the descriptive statsstige will have a brief look at the level
of implementation of TOC elements in our samplee Téspondents were asked to express their
degree of agreement with the positively wordecestaints that made up the items on a scale
from 1 (“Strongly agree”) to 7 (“Strongly disagréeThe items were averaged to obtain the
elements of TOC'’s logistics paradigm. They are ldiggd in Table 3. Descriptive statistics for

the other variables are reported in Appendix C.

Table 3: Descriptive statistics for the elements oFOC'’s logistics paradigm

TOC Element Mean SD  Min Max
Focused resource capacity management 276 068 135 5.04
Focused tactical resource capacity management 2890 1.00 7.00

Focused operational resource capacity management 36 20.83 1.00 5.83

Trade-offs with other resources 2.961.15 1.00 6.33
Focused strategic resource capacity management 3BI3 133 7.00
External scheduling coordination 248 124 1.00 7.00

In our sample of warehouses, the componenEootised resource capacity management

that require less effort appear to be more popialathe top of the list are the tactical and
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operational management (no statistically signifiadifierence between the means). Explicit
trade-offs between the resources are used to erldsgree as they imply acceptance of
inefficiencies at nonconstrained resources. Eves p@pular is the strategic management of
resource capacity, which largely implies spendiaghcon acquiring the needed extra capacity of
the constrained resource. However, external schreglobordination appears to be widely

accepted.

Scales
Scales structure analysis and purification peréairas described in the respective section
of Chapter 1V, resulted in the items and factoespnted in Table 4. Results of the EFA (pattern

matrix and communalities) are reported in Table® @liability of the scales in Table 6.
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Table 4: Factors and item descriptions

Factor Item Notation
TOC Elements
Focused tactical Know peak usage times of CRs FTM1
resource capacity Monitor the use of CRs FTM2
management Always enough work to do for CRs FTM3
Use time standards for CR operations FTM4
Focused operational Maximum utilization a CR a priority FOM1
resource capacity Use a variety of ways to increase CR utilization MO
management Know the most critical point in operations FOM3
Problem prioritization FOM4
Changes in operations to increase CR utilization MBO
Conduct periodic bottleneck reviews FOM®6
Trade-offs with other  Tolerate inefficiency of a non-CR to help a CR RTO1
resources Actively trade-off capacity among resources RTO2
Use of other resources based on the most limited ORT
Focused strategic Purchased additional capacity of a CR FSM1
resource capacity Accept higher costs to increase capacity of a CR MES
management Implemented a long-term solution FSM3
External scheduling  Schedule coordination - downstream ESC1
coordination Schedule coordination - upstream ESC2
Schedule coordination - carriers ESC3
TOC Outcomes
Warehouse capacity  Successful in overcoming constraints WCT1
and throughput The most critical constraint no longer a problem weC
Experienced increased throughput WCT3
Experienced increased capacity WCT4
Warehouse Performance
Warehouse logistics  Picking & shipping mistakes down WLP1
performance Internal order cycle time down WLP2
Order processing time variability down WLP3
Handling damage down WLP4
Dock-to-stock cycle time down WLP5
Warehouse financial ~ Unit costs down WFP1
performance Paid quality claims down WFP2
Transportation penalties down WFP3

" CR - constrained resource
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Table 5: EFA pattern matrix and communalities

tem FOM WLP FTM WCT ESC RTO FSM WFP Communalities

FOM1 .876 .653
FOM2  .800 .685
FOM4  .640 .627
FOM5  .637 .640
FOM3 .618 .688
FOM6  .506 .660
WLP1 .833 527
WLP2 793 .604
WLP4 .629 .518
WLP5 .613 .303 .576
WLP3 .550 .652
FTM1 .890 .695
FTM2 .769 537
FTM4 .699 .580
FTM3 .688 .594
WCT1 .828 .696
WCT3 .750 791
WCT2 732 .703
WCT4 .593 .628
ESC1 .899 .758
ESC2 755 677
ESC3 .738 .671
RTO1 795 .609
RTO2 79 .667
RTO3 524 .681
FSM1 741 .500
FSM2 .308 697 -.303 .549
FSM3 .625 .582
WFP1 .819 712
WFP2 .629 .689
WFP3 .568 .626

Loadings below .300 not shown. All resulting fastoeflective, except ESC, which was later
specified as formative. Factor and item labels:

FOM Focused operational resource capacity managemen

WLP Warehouse logistics performance

FTM Focused tactical resource capacity management

WCT Warehouse capacity and throughput

ESC External scheduling coordination

RTO Trade-offs with other resources

FSM Focused strategic resource capacity management

WFP Warehouse financial performance
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Table 6: Reliability of the scales

Scale Cronbach's
alpha
Focused tactical resource capacity management .783
Focused operational resource capacity management 09 .8
Trade-offs with other resources .656
Focused strategic resource capacity management .601
Warehouse capacity and throughput 75
Warehouse logistics performance .790
Warehouse financial performance 719

Tests of hypotheses
Hypotheses 1a and 1b

In the first set of hypotheses we test the signsarehgth of the relationship between the
elements of TOC'’s logistics paradigm anvadrehouse capacity and throughput

Hla. Focused resource capacity management isymbgiissociated with warehouse
capacity and throughput.

H1b. External scheduling coordination is positivabsociated with warehouse capacity
and throughput.

Both hypotheses were supported. The multiple regrasstep on which the two
predictors of interest were entered produced &staly significant model with F(10,214) =
6.046, p < 0.001) and a significant change in tistafistic (hange= 15.821, p < 0.001). The
adjusted coefficient of determinatiorf fr the whole model was 0.191, and the chang€in R

was 0.120. Thus, 12% of the variance in\W&rehouse capacity and throughpuais accounted
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for by theFocused resource capacity managensmExternal scheduling coordination

Additional statistics for regression analysis aearted in Table 7.

Table 7: Regression results for hypotheses 1a ant 1

Unstandardized Correlations
Coefficients and Semi-
Predictor (Standard Error)  t-statistic  Zero-order Partial partial
Focused resource 0.39¢"
capacity (6 114) 3.468 0.381 0.236 0.213
management '
External 0.159
scheduling (0.065) 2.444 0.325 0.169 0.150

coordination

. Dependent Variable: Warehouse capacity and thqmutgh
_ Significant at 0.05 level
Significant at 0.01 level

Hypotheses 2a and 2b

In the second set of the hypotheses, tested bgéwarate multiple sequential
regressions, we examine the relationship betWearehouse capacity and throughaurid the
two components of warehouse performaarehouse logistics performanaadWarehouse
financial performance

H2a. Warehouse capacity and throughput are polsitagsociated with warehouse
logistics (operational) performance.

H2b. Warehouse capacity and throughput are pobitassociated with warehouse
financial performance.

In each regression, covariates were entered ofirshatep, followed byVarehouse

capacity and throughpun the second. The second steps resulted inistis&dty significant
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models with respectiveqzA9,214) = 6.983, p < 0.001 and-K9,214) = 6.502, p < 0.001, and a
statistically significant change in the F-statist{€nangerze 45.581, p < 0.001 andangeH2~
44.678, p < 0.001). Summarizing the results ofteeregressiondVarehouse capacity and
throughputaccounts for 17% of variance \iarehouse logistics performan(®’ change =

0.170; total model adjusted R=.201) and 17% ofaraxe inWarehouse financial performance
(R? change =0.170; total model adjusted R = 0.188)h Bgpotheses are supported. A summary

of the results is shown in Table 7.

Table 8: Regression results for hypotheses 2a ant 2

Correlations

Predictor:

Warehouse Unstandardized

capacity and  Coefficients and Zero- Semi-

throughput (Standard Error)  t-statistics order Partial partial
. 0.396°

Hypothesis 2a (0.054) 6.751 0.381 0.236 0.213
: 0.159"

Hypothesis 2b (0.064) 6.684 0.325 0.169 0.150

H2a Dependent Variable: Warehouse logistics perhmice
H2b Dependent Variable: Warehouse financial peréoroe
" Significant at 0.01 level

Hypothesis 3
In hypothesis 3 we wanted to check the relationshipe overall construct atOC
logistics paradignandWarehouse capacity and throughput

H3. Implementation of the TOC logistics paradignpasitively associated with
warehouse capacity and throughput.

Similar to the previous hypotheses, the predictanterest was entered on the second

step of the hierarchical regression. The overaliehand the change in the F-statistic were
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significant: F(9,214) = 6.412, p < 0.001 angifye 29.080, p < 0.001. The adjustetifar the
whole model was 0.185, with thé Bhange = 0.111 (11% of variance/ifarehouse capacity
and throughputs explained byfOC logistics paradigi Table 8 contains coefficients and

correlations of the independent variable.

Table 9: Regression results for hypothesis 3

Unstandardized Correlations

Coefficient and Semi-
Predictor (Standard Error)  t-statistic ~ Zero-order Partial partial
TOC logistics paradigm ?(')406;7) 5.393 0.401 0.352 0.333

. Dependent Variable: Warehouse capacity and thrautghp
Significant at 0.01 level

Thus, we confirm the support of hypothesis 3 byrdgression analysis.

Hypothesis 4

In the last hypothesis, H4, we test the relatignsiilWarehouse capacity and throughput
and the overall warehouse performance.

H4. Warehouse capacity and throughput are posptastociated with warehouse

performance.

The regression analysis confirmed the existen@estétistically significant relationship
between the two constructs with the hypothesizgd sf the relationship (F(9,214) = 8,932, p <
0.001; Rhange= 62.097, p < 0.001). The adjustedfBr the whole model was 0.250 and thfe R

change was 0.218, implying that approximately 22%hne variance inWarehouse performance
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is accounted for bWarehouse capacity and throughpRegression coefficients and correlations

are shown in Table 9.

Table 10: Regression results for hypothesis 4

Unstandardized Correlations
Coefficient and Semi-
Predictor (Standard Error) t-statistic Zero-order  Partial partial

Warehouse capacity 0.399

and throughput (0.051) 7.880 0.516 0.482 0.466

**Dependent Variable: Warehouse performance
Significant at 0.01 level

To summarize the hypotheses testing, all hypotheses supported by the regression
analysis. These results largely agree with thoseaseived later using partial least squares
(PLS), an alternative correlation-based techniguibe family of structural equation modeling
(Kocabasoglu and Suresh, 2006). The details oPttf procedure and the results are described

in Appendix D.

Summary of findings

In this study, we have found that contemporary Wwanses routinely experience multiple
and severe shortages (constraints) of their keyuress, which prevents the warehouses from
fully reaching their performance objectives. Howgwee also found that managing resources
using the approach of TOC logistics paradigm leéadsgher warehouse capacity and
throughput and in turn to higher warehouse logsstiod financial performance. Moreover,

favorable outcomes occur in application of eithiethe two components of TOC logistics
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paradigm: focused resource capacity managemergxachal scheduling coordination. From
the way the conceptual domain of these two compsneas defined, it follows that
coordination of schedules of operations at the @use interfaces with supply chain partners
allows to adjust the inbound and outbound flow @bds to better match the available warehouse
resources, whereas an internal focus on resourcdramt elimination at the tactical and
operational levels as well as resources tradeanftsstrategic decisions to acquire additional
capacity allows to bring up the capacity of the tummstrained resources to the levels where the
whole system capacity and throughput increasesateera significant positive impact on
warehouse performance. The positive effect mamifiéself in higher logistics performance
reflected in a decrease of picking and shippingakis and handling damage and reduction of
several warehouse cycle metrics (dock-to-stockrial order, and order variability). The
positive impact also extends to financial perforoeaf the warehouse reflected in decreasing
unit costs and reduction of amounts paid for qualitd transportation related claims.

Overall, our research clearly demonstrates thabnlyt TOC can be adapted to a
warehouse setting, but that management of key wasshresources based on it is a powerful

tool for warehouse management to improve performaf¢he whole warehouse as a system.
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CHAPTER VI
CONCLUSIONS

Contributions made by this study
Contributions to theory

One of the most important contributions of thisdstto theory is a further development
of TOC as a resource management theory and itdatotapto the context of warehousing
operations. This study answers the call for ingagion of, “more granular issues regarding the
management and allocation of [supply chain managgmesources” (Esper and Crook, 2014).

TOC has been challenged as a theory on the grafrimsng built on a computer
algorithm of a very narrow application. The debater TOC legitimacy as a theory took a
conciliatory turn when the later developed probkatving paradigm of thinking processes (in
1994) received more attention in research and \&#schas the main and most useful part of
TOC (Rahman, 2002). In this study, we take the $dzack to the original logistics paradigm of
TOC and rebuild it. We eliminate the temporal, sadial nature of the 5 focusing steps and
recast them and the drum-buffer-rope internal sglegland buffering technique as a set of
more commonly recognized management construct®utiflosing the idea of the focus on the
constraint and the hierarchy of their applicatidhe hierarchy is different from the previous
algorithm in that it recognizes the different lessef cost and effort associated with their
application but allows the flexibility to start froany level as well as combine them to achieve a
mix of measures that have the highest likelihoodfb€iently eliminating the constraint.

The internal scheduling and buffering techniqueeexg@dly blends with the different
levels of focused resource capacity managemenisfiatused on operations inside the

warehouse, but we have identified a constructithpacts the flow of inventory through the
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warehouse at its interfaces with other supply chambers. Our study shows that coordinating
schedules with upstream shippers, downstream aoeessy and carriers helps to alleviate
resource constraints inside the warehouse andsnviy to increase warehouse capacity and
throughput. This conclusion also extends to thieldgistics paradigm when this construct is
incorporated in it. Thus, our research suggestsihan capacity and throughput of a system are
considered its interfaces warrant inclusion in saigalysis, and TOC is a theory that allows this
to be done.

The adaptation of TOC we have undertaken in tlhidysand the confirmation we have
received from the empirical results may be considem answer to the question raised in TOC
literature of whether TOC tools “should be followetindly” (Kim et al., 2008, p. 174). Our
effort falls in line with the future research sugtgens of Inman et al. (2009) to whose empirical
work we have made comparisons throughout this studyan et al. (2009) see TOC as a
constantly evolving entity and suppose that, “tliCTelements or outcomes within the model ...

probably should be updated over time” (p. 353).

Contributions to applied research

This study has made several contributions to appésearch in warehousing. We
offered a definition, two tests and a list of seykwvarehouse resources: doors, dock space,
storage, personnel, lift trucks, and WMS. Previmsource classifications in academic literature
did not seem to be based on a single definitiotlearly spelled-out logic. Moreover, two of the
resources, doors and dock space were largely ign@ve include them in the list because they
are part of warehouse interface with transportatio& beginning and ending points of

warehouse goods flows that create throughput. Daxasdock space have common
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characteristics with the other four key warehoes®urces mentioned in the key warehouse
resource definition: they are a component of wanebalesign or operation, they are not easily
acquirable or modifiable, and their capacity istéror limited at least in the short term. They
pass both the goods flow impact test and the tifftatecost tests of a key warehouse resource.

Is the list of six key warehouse resources exhee®ti-or most warehouses in the US,
evidence from our study suggests an affirmativevansThe survey responses to the optional
“other” resource choice lacked any common themevearg mostly extensions or specifics of
the previous six. Several respondents mentiondd @agnancial resources. However, there are
two types of “cash.” The money required to rungutar warehouse operation does not affect
the product flowdirectly and is just a necessary condition for an operajimt like electricity.
Prolonged lack of operating cash (e.g., not bebilg & pay workers’ wages or perform repairs
to forklifts, storage racks or doors) essentiadigiuces the capacity of the key resources and
makes the whole operation not sustainable. Howdwvemegative effect is indirect, through the
same key warehouse resources.

The other type of financial resources, investmapital for resource capacity upgrades,
falls under focused strategic resource capacityagament, and again has only indirect
influence on the warehouse capacity and througthpatigh the same key warehouse resources.

It is possible to imagine a different context whanether resource, pallets or something
else that comes in contact with the goods andusnely available to most warehouses in the
United States, is in chronic short supply theret. tBa key warehouse resource definition and the
two tests that we offered should provide the regidwer for that context as well.

We believe that this study has made another cauioib to warehousing research by

testing and confirming the general TOC model ofdnnet al. (2009) developed by them for
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manufacturing. Our study is not an exact replicabbtheir research. We have changed the
model in two ways: only the logistics paradigm @Q is examined in our study, but not the
Thinking Processes; and performance is measurthe &vel of an organizational unit, not the
firm level.

The findings of our study confirm the importancecohsidering warehouse interface
with supply chain partners when examining antecedefnwarehouse capacity and throughput
and ultimately warehouse performance. The confilonatf applicability of TOC to
warehousing and a specific model of how it appbes contribution to both TOC and

warehousing research.

Contribution to methodology

We believe we have made several contributions tihad®logy of TOC and supply
chain research by rising to the challenge of, ‘ipgiresearch methods and research questions in
new ways” (Waller and Fawcett, 2011, p. 209).

There are many TOC case studies, but there areadmyndful of empirical papers testing
hypotheses (Kim et al., 2008). Our study is a steghe way to bridge that gap.

The customary tools for warehouse operations reBesae simulations, which have a
drawback of very limiting assumptions and a vergaa focus (Rouwenhorst et al., 2000),
typically considering one warehouse resource mhe.tOur study goes another way. We use a
survey instrument to collect data about traditiomatehouse operations. We consider all six key
warehouse resources and view the warehouse atemsgbowing flexible internal allocation
and manipulation of resources. We also includeideiimterfaces of this system in the scope of

this study.
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In a new approach for TOC empirical research, we lpmesented several TOC
constructs as formative with a justification foetthoice. In contrast to traditional supply chain
literature that typically stays at the level of hoke firm as the smallest unit of research, we
descend to the level of one of its organizatiomatisy while retaining and using all of the
traditional supply chain research perspectivestaaols.

Finally, we took extra caution to prevent data froemtamination by respondents with
improper attitudes and behaviors toward surveyntaKkl he detailed description of our earnest
effort in this respect may serve as a mini-caseng@ of approaching the issue and the protocol

we developed as a practical tool.

Contributions to practice

Based on this study, we are happy to provide warshmanagers with several pieces of
specific advice that goes beyond very general “rganal implications” often seen in academic
papers. Our advice is presented in the followingatin.

Every warehouse can be viewed as a system whasanyrdimensions are overall
capacity and throughput. They influence logistiod &nancial performance of the warehouse.
As operations grow, most warehouses will experieaeestraints in their operations. The
constraints will limit the system’s throughput anidl have a negative effect on overall
warehouse performance. Actively managing availeddeurces will allow to alleviate and
eliminate those constraints. This study suggesiissilt resources are critical to operations of a
warehouse: doors, dock space, storage capacigomeel, lift trucks, and WMS. Our research
shows that in a typical warehouse more than or@ires may be constrained at the same time,

and some of the constraints may be severe.
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But the good news is that in the warehouse, TOks¥arhe adaptation of TOC’s
logistics paradigm in this study presents a padicway of key resource management. The
management philosophy should have a strong focu®wstraint elimination. There is a
hierarchy of actions that can be undertaken toamrae the constraint(s). The hierarchy of
actions has several tiers based on the cost aridnmeptation effort, and while the easiest and
least expensive action is the most desirable, it take a combination of actions from different
levels to overcome the constraint(s). We do nogesgas a requirement following a particular
pattern of action application, i.e., from easiast aheapest to the most difficult or expensive.
We recognize that the pressure of not meetingadpadty and throughput goals and
jeopardizing overall warehouse performance mayfoakn immediate “overkill” solution.
However, the manager should be aware of the wlatlefdools available to manage resource
capacity.

Focused tactical resource capacity managementamptjueezing the most of the
constrained resource within the existing operatipnacess and is usually the task of a foreman
or team leader. It is perceived as a no cost anceféort solution, but the effect may not be
sufficient to overcome the constraint.

Focused operational resource capacity managemamhaneuver that may involve a
change in operational processes, resource allocatia change in internal operations
scheduling. It may take more managerial effort,dtilitat no or little direct financial cost.

Trade-offs between the resources should be exploteste are many ways to get some
extra capacity of the constrained resource bynigadioff with existing resources. This implies
that as part of trade-off some inefficiency or gedi cost of extra capacity in the nonconstrained

resources must be incurred and tolerated as lotitgsaadds capacity in a better (quicker,
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cheaper) way to the constrained resource. Persahbelieved to be the most flexible
warehouse resource. The anecdotal evidence calléom industry shows that it is normally
easy to get extra lift truck and door time and po&dly dock space by asking workers to work
overtime. The extra labor cost incurred is chedaeleast in the short term) than that of
acquiring an extra lift truck or installing an extloor in the wall (if at all feasible).

In our adaptation of TOC to warehousing, processagament should be viewed in the
context of warehouse resource management. For d&aaprocess change allowing picking full
units (e.qg., pallets) directly from the reserveassidered a trade-off between labor that is being
freed up and the WMS that will require an upgradlmainage the new process. It is mostly a
matter of activation and training effort if the WMiBeady possesses this functionality, but there
may be a direct cost if the upgrade needs to behpsed. Again, the cost incurred is not in the
resource whose capacity is being freed up.

A strategic decision may be made to directly aag(purchase, lease, rent, hire, transfer
from another unit of the firm) additional capaantythe constrained resource. This is the essence
of the focused strategic resource capacity managei@apacity of some resources may be
easier to increase compared to others. Hiring &na @erson is usually easier than making more
doors, getting more storage capacity or migratngrt advanced WMS. Nevertheless, all these
actions are viewed as a strategic decision to agddaity directly and they may be the best
choice under certain circumstances.

The previous actions were focused on operationdariee warehouse. One additional
option that may be available to warehouse managéoscoordinate product flow at warehouse
interfaces with supply chain partners to bettdizatithe most constrained resources (to avoid

idle time and to smooth peaks).
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Conclusion

This study has revealed the mechanisms of howdjusted TOC's logistics paradigm
can be used to address resource constraints iatopes inside the warehouse and its physical
interfaces. Another major component of TOC, Thigkitrocesses (TP), was specifically
designed to apply to nonphysical and external camt$ (such as company policies and market
conditions) (Rahman, 2002; Simatupang et al., 2008)is very broad in scope by design and
has been praised over the logistics paradigm beaafusat (Rahman, 2002). By transforming
the logistics paradigm we have increased its pitlefithe transformed logistics paradigm can
now be used broadly, on the par with TP, and itstracts are suitable for survey-based
empirical research. Together, TOC’s two paradignesgnt an outstanding opportunity for

research and practice.

Limitations

This study has a number of limitations. One comes fthe use of the survey method.
Surveys are known to introduce bias. Electroniosys may introduce additional bias (Boyer et
al., 2001). We have taken many precautionary meagorminimize it, yet we cannot guarantee
its absence.

Since few scales were available for us to use mstigs study, and only some of the
items borrowed from the previous research fit tudly, we had to substantially modify the
existing scales and develop new scales and indékeseliability of some of the scales, while

above the minimum cutoff level, was lower thanha tomparable study of Inman et al. (2009).
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Our study was relatively narrow in scope. We exaadianly one component of TOC —
its logistics paradigm. Some of the constructs seduvere also narrow in scope (i.e., warehouse

financial performance and external scheduling cioaitebn).

Future research

Some of the suggestions for future research coome fhe limitations of this study. One
direction is expanding the scope of TOC warehous#sgarch. Thinking Processes, the problem
solving paradigm, could be tested together witbication of the logistics paradigm test to
empirically prove our proposition that the whole@'@ applicable to warehousing. The
boundaries of TOC application to warehousing catebgd on subsamples from warehouses
with high shares of cross-docking or automation.

For example, Vogt and Pienaar (2007) note thatenstarehouses where cross-docking is
treated as a warehouse extension, the cross-docgergtion competes for the same warehouse
resources, and is typically not very efficient. tha other hand, a properly organized cross-
docking operation integrated into its supply chiainonducive to the application of TOC (Vogt
and Pienaar, 2007).

We relied on self-reported performance measureneSarther scale development work
can be done to improve the scales used in thiystud also of definite value to conduct a
comparable study relying on objective performarataddespite the challenges of big diversity
in warehousing operations.

We have mentioned before that our research desagravgely influenced by prior work
of Inman et al. (2009). It primarily sought to examthe more general relationships between

TOC constructs and performance. A more granulaw wkindividual constructs is also a logical
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extension of our research. For example, individizale-offs may be considered between
different resources, and their impact on constraimination may be evaluated separately.

Alternatively, the new construct of external scHadpcoordination that was limited to
physical goods flow coordination at warehouse @seinterfaces may be raised in scope to the
level of all types of supply chain partner coordio traditionally considered in supply chain
research. The cooperation with direct effect oracdp of warehouse resources may include
activities associated with information sharing andperative planning, forecasting and
replenishment (CPFR) as well as joint work to fimd-win solutions for the whole supply
chain, examples of which may include shifting ordgtoff times for early picking operation
start, switching from trailer floor loading to peliized freight, picking in larger units, optimizing
order types and frequencies, etc.

The condition of being constrained in one or moaeelouse resources can be explored
in more detail. Answers should be found to the tjaes about its moderating effect, if any, on
the efficacy of particular levels of focused resmucapacity management.

Other research questions and methods may offemaletely new perspective on the
place of TOC in warehousing. Qualitative methody pravide deeper insights into issues of
warehouse resource management. Differences in psdap®f warehouse managers to favor
some TOC elements over others based on organiahtiod national cultures may provide
another avenue for warehouse-focused TOC reseHioch Behavioral aspects largely ignored
in operations research hold a big potential fonfeitacademic quest for a full spectrum of factors

underlying warehouse operations management.
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APPENDIX A
SURVEY (ONLINE VERSION)

You are invited to participate in a research stablgut warehouses because you are a warehouse
manager or are in a similar position in charge afelouse operations.

WHAT YOU SHOULD KNOW ABOUT THE RESEARCH STUDY
Study title: Managing Warehouse Resources

Contact information:

Compliance persorRo Windwalker, CIP
IRB/RSC Coordinator

Research Compliance

210 Administration Bldg.

1 University of Arkansas

Fayetteville, AR 72701

479-575-2208

irb@uark.edu

Researcher: Vitaly Brazhkin
Adviser: Dr. John Ozment
475 Business Bldg.

1 University of Arkansas
Fayetteville, AR 72701
479-575-7674
vbrazhkin@walton.uark.edu

Study description:

As volume of business increases, warehouses ane wifiable to easily upgrade their operation
to the new level because of a limited availabiitynecessary resources. The purpose of this
study is to explore effectiveness of certain sgi@®to deal with the shortage of warehouse
resources. The survey collects basic demographécakeut your warehouse (size, industry, etc.)
and asks to identify resources in short supplyon warehouse and rate applicability to your
warehouse of specific strategies dealing with slgm$ of these resources first in general and
then individually for each resource in short supply

Legal disclosure:

A large number of warehouse managers are aska@tdatfthis 20-minute survey online or on
paper. There is neither a cost nor a direct beteefibu to participate in this study, however, you
can request the generalized results of the stuaynuthis completed by contacting the researcher
using the contact information above. There aresisrinvolved in filling out the survey. Your
participation is voluntary and your refusal to papate will not have any adverse effects on you.
The researcher will not disclose any identifyinfprmation of any kind to other study
participants, research community or the public.idibrmation will be kept confidential to the
extent allowed by applicable State and Federal ¥oaw may also contact the University of
Arkansas Research Compliance office listed aboyeufhave questions about your rights as a
participant, or to discuss any concerns aboutrablpms with the research. By participating in
this survey you will not waive any rights. Your cpl@tion of the survey constitutes your consent
to the terms above.
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Part 1. Warehouse demographics.

Are you a warehouse manager or in a similar positiccharge of daily warehouse operations?
O Yes (1)
O No (2)

How many years have you been in charge of youelnarse?
Q 0-2(2)

QO 3-5(3)

O 6-10 (4)

QO >10(5)

Are you familiar with the operations of your warelse in the past 3 years?
O Yes (1)
O No (2)

Have there been any major changes in your stratedgal with resource shortages in the past 3
years?

O Yes (1)

QO No (2)

Please describe briefly what changed in your gjsate deal with resource shortages

How many warehouses are you responsible for?
O 1(2)

O 23

QO 3-5(4)

O 6-10 (5)

Q >10(6)

Please answer all further questions of this sufgejust one warehouse with whose operations
you are familiar for at least 3 years.

Does your warehouse have an AS/AR (Automated Sedhagomated Retrieval) system
installed (computerized physical movement of gaodisom storage without direct human
involvement)?

O Yes (9)

O No (10)

What type of goods go through it?

What % of goods by volume ("cube") go through @Rtér number only)
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Do you perform value-added activities in your wanebe (activities beyond receiving, storage,
picking and shipping, e.g., light assembly from gpoments)?

O Yes (9)

O No (10)

What value-added activities do you perform?
What % of the total labor hours do you spend onera@ldded activities? (enter number only)

Do you use cross-docking in your warehouse?
O Yes (9)
O No (10)

What % of goods by volume ("cube") go through @Rtér number only)

Is the number of full-time workers in your wareheusor more?
O Yes (1)
Q No (2)

Please tell us more about your warehouse:
Please enter numbers only (1)
Size in sq ft (1)

Number of full-time employees, excluding
management (2)

How many years has your company operated this
warehouse? (3)

Which category of business is best applicable to gompany?
O 3PL(1)

QO Manufacturer (2)

O Wholesaler or distributor (3)

O Retailer (4)

What do you store primarily?
U Raw materials (1)

U Work-in-process inventory (2)
U Finished goods (3)

What are the primary products stored in your wansk® (e.g., automotive spare parts)
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Type of picking
% of item/broken % of full case (2) % of partial % of full pallet

case (1) pallet (3) (4)

Please enter
numbers only;
must add up to

100% (1)

What % is the volume of business in your warehause compared to the level 3 years ago (no
change = 100%)? Use the cursor to move the slidagdhe scale.
%@

Does your warehouse use the 5-step continuous uaprent process based on the theory of
constraints (TOC)?

O Yes (1)

O No (2)

O Not sure (3)

How many years have you been using TOC?
O (1)

O 1-2(2)

QO 3-5(3)

O 6-10 (4)

QO >10(5)

What is your constraint in the warehouse operatrmve?
Does your warehouse use elements of the lean ppig®
QO Yes (1)

O No (2)

O Not sure (3)

Which elements of the lean philosophy are useaur ywarehouse?

126



Part 2. Management of limited resources.

Have you had a shortage of any resources in thehsase for 6 months or more in any 12-
month period in the past 3 years?

O Yes (9)

O No (10)

Which resources did you have a shortage of? Pkdeet and rate the severity of shortage
Severity of shortage of the resources selecl Resource

in short
supply
1=
sgl\?(:re 2 3 4 5 6 ExtrYaner apsp?ilt?:tgle
at all @ @ @ 6 6 severe (7) QD
1)
Dock doors (1) @) O |0 O |O |O o a
Dock space (staging area) (2) O O O 0O |0 |0 o a
Storage capacity (3) O O O 0O |0 |0 o a
Warehouse personnel (4) @) O |0 O |O |O o a
Forklifts (lift trucks of all types) (5) | O QO O O |O |O o (]
WMS (warehouse management
system): availability, speed or ©) O |0 O |O |O o a
functionality (6)
Other resource (7) @) O |0 O |O |O o a

You must select (with a check mark) the resoureasytou rated. Please go back to correct.
Please specify "Other resource" you selected above
Notice: This survey has multiple data consisyaesteecks. Each response is reviewed and

validated manually by a warehousing expert. Pléaseot attempt to answer the questions
without reading or thinking as this will disqualijpur complete response. Thank you!
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For the resources in short supply you selectedrbégpoped text], please rate the statements
below (Page 1 of 2).

Strongly (2) | 3)  (4) | (B) (6) Strongly

disagree

(7)

We monitor the use of these warehouse resources
(1)
We know their peak usage times (2) o OO0 |O |0 |0 o

We make sure that there is always enough work to
do for these resources (3)

We have time standards for operations using these
resources (4)

If during a shift a problem occurs with one of

these resources, fixing it will be considered a o OO0 O |0 |0 o
priority (5)

If there is a problem with one of these resources,

we have an established process to address it (6) Q Q10 1910109 Q
This is an attention check. Please select Strongly o ol o o o o o

disagree for this statement (15)

We are always aware of the most critical point in
our operations (7)

Maximizing utilization of a limited warehouse
resource is considered a priority in my warehouse O OO0 |0 |0 |0 o

9)
We use a variety of ways to increase utilization| of
a warehouse resource with limited capacity (10

We have made changes in the way we use a
limited warehouse resource to increase its O O /0o |0 |0 |0 O
utilization (11)

The way we use other resources in the warehouse
is based on the needs of the most limited resource O O 1O O O |0 o
(12)
We use capacity of some warehouse resources to
compensate for the lack of other resources (13

We tolerate less efficient use of some resources if
it helps increase capacity of the most limited o Q O O O |0 o
resource (14)

o |00 0o 0o o O
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For the resources in short supply you selectedrbegfdease rate the statements below (p. 2 of 2).
Strongly  (2) (3) | (4)  (5)  (6) | Strongly
Disagree

(7)

We purchased additional capacity of the most
limited resources (1)

We used a temporary solution to increase capacity o
of the most limited resources (2)

We have implemented a long-term solution for the
most limited warehouse resources (3)

We will accept higher incremental costs to acquijre

additional capacity for the most limited resources O Q10 |0 |0 |0 o
(4)

Once a shortage of the most critical resource is

overcome, we shift our improvement efforts to O O 0O O |0 O o

other areas (5)

We have periodic reviews to identify bottlenecks
in our operations (6)

We prioritize our problems and apply our
improvement efforts to the highest priority @) OO0 O |0 |0 o
problem first (7)

We manage the flow of goods in a way that
eliminates or minimizes idle time of the most O OO0 O |0 |0 o
limited resource (8)

Schedules are set to maximize the capacity or
throughput of the most limited warehouse ©) OO0 O |0 |0 o
resources (9)

We use workload buffers or make contingency
plans so that our most limited warehouse resourcesQ OO0 O |0 |0 o
are never idle or underutilized (10)

In short term work planning we take into account
available capacity of our most limited resources ©) OO0 O |0 |0 o
(11)

We coordinate our shipping schedules with our

customers or downstream partners (12) Q Q10101010 Q
We coordinate our incoming shipment schedules

with our suppliers (13) Q Q10190100 Q
We coordinate transportation schedules with

transportation providers to level our workload Q Q101901010 Q
We require appointments for truck drivers to pick o o o o o o o

up or deliver a shipment (15)

Part 3. Management outcomes.
This section refers to the most recent 3-year pefdease rate your agreement with the
statements below (Page 1 of 2).
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Strongly (2) | (3) | (4) | (5) | (6) Strongly

agree disagree

(1) (7)

We have been able to substantially increase
capacity of our most limited resources (1)

Capacity of our most limited resources is no o o o o o o o
longer a problem. (2)

We feel that we are successful in overcoming
constraints in our warehouse resources (3)

We were able to increase warehouse throughput
4)

Satisfaction of the top management with the
performance of our warehouse has increased (5)

Satisfaction of other units or departments of our
firm with the performance of our warehouse has O O 10O O |0 |0 o
increased (6)

The morale of our warehouse employees has
increased (7)

Our warehouse work force turnover has decreased
(8)
The satisfaction of our customers with the service
of our warehouse has increased (9)

The satisfaction of our logistics partners with the
work of our warehouse has increased (10)

Our flexibility to meet customers’ special
requirements has improved (11)

The situation with bottlenecks in our warehouse
operations has improved (12)
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This section refers to the most recent 3-year peftease rate your agreement with the
statements below (Page 2 of 2).

Strongly | 2) | 3) | (4) | (5) | (6) | Strongly

Disagree

(7)

Our warehouse has experienced an increase in the
percentage of shipments to customers leaving of O O 10 |O | 0 |0 @)
on-time (1)
The percentage of picking and shipping mistakes
has decreased (2)

The material handling damage in our warehouse o olo o o o o
has decreased (3)

The internal order cycle time (from order release
time to ship time) has decreased (4)

The dock-to-stock cycle time has decreased (5) O O 1O O O |0 O

Our warehouse has achieved a decrease in total
order cycle time for our customers (6)

The variability of the order processing time in our
warehouse has decreased (7)

Our warehousing unit costs have decreased (8 o O 1O O O |0 O

Amounts paid for claims for late deliveries or
guality problems have decreased (9)

Amounts of detention/demurrage charges and
other transportation related penalties have o Q 1O O O 0O Q
decreased (10)

The volume of business going through our
warehouse has increased (11)

Our warehouse has made a positive impact on
profitability of our company (12)

131



APPENDIX B

RESEARCH PROTOCOL APPROVAL LETTER
(MOST RECENT MODIFICATION)

April 24, 2014

MEMORANDUM
TO: Vitaly Brazhkin

John Ozment
FROM: Ro Windwalker

IRB Coordinator
RE: PROJECT MODIFICATION
IRB Protocol #: 13-05-721
Protocol Title: Upgrading Existing Warehouses
Review Type: X EXEMPT [_] EXPEDITED [ ]| FULL IRB

Approved Project Period: Start Date: 04/24/20Xpitation Date: 06/05/2014

Your request to modify the referenced protocol li@esn approved by the IRBhis protocol is
currently approved for 500 total participants. If you wish to make any further modifications
in the approved protocol, including enrolling mdnan this number, you must seek approval
prior to implementing those changes. All modificationsigtide requested in writing (email is
acceptable) and must provide sufficient detailgsess the impact of the change.

Please note that this approval does not extendppeoved Project Period. Should you wish to
extend your project beyond the current expiratiatedyou must submit a request for
continuation using the UAF IRB form “Continuing Rew for IRB Approved Projects.” The
request should be sent to the IRB Coordinator,Adi@inistration.

For protocols requiring FULL IRB review, please subyour request at least one month prior to
the current expiration date. (High-risk protocolaymequire even more time for approval.) For
protocols requiring an EXPEDITED or EXEMPT reviesubmit your request at least two weeks
prior to the current expiration date. Failure bain approval for a continuatia@m or prior to

the currently approved expiration date will resaltermination of the protocol and you will be
required to submit a new protocol to the IRB befawatinuing the project. Data collected past
the protocol expiration date may need to be eliteithdrom the dataset should you wish to
publish. Only data collected under a currentlyraped protocol can be certified by the IRB for
any purpose.

If you have questions or need any assistance fnentRB, please contact me at 210
Administration Building, 5-2208, or irb@uark.edu.
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APPENDIX C

FULL REGRESSION TABLES FOR MULTIPLE REGRESSION ANAL YSIS

1. Hypotheses 1a and 1b

1.1. Variables used in regression:

Variable type Variable Notation
Dependent Warehouse capacity and throughput M_WCT
Independent of interest  Focused recourse capaeibhagement M_TOCEL4
Independent of interest  External scheduling co@tiim M_ESC3
Control 3-year change in business volume Bus_3YR
Control Degree of automation ASAR
Control Warehouse type dummy D_3PL
Control Picking type dPICK
Control Constraint index LnCl
Control Warehouse size LnEmpl
Control Share of cross-docking XDock
Control Type of respondent Respondent

Note: Same control variables were used in alleggjons for all hypotheses.

133



1.2. Descriptive statistics

Variable Min. Max. Mean Std. Dev.
Warehouse capacity and throughput 1.00 6.00 3.04 1.06
Focused recourse capacity management 1.35 5.04 2.76 0.68
External scheduling coordination 1.00 7.00 2.48 1.24
3-year change in business volume 41.0250.00 125.61 30.78
Degree of automation 0.00 100.00 11.33 26.39
Warehouse type dummy 0.00 1.00 0.07 0.26
Picking type 0.00 1.00 0.35 0.48
Constraint index 0.00 5.72 3.81 1.13
Warehouse size 1.10 6.55 3.17 1.05
Share of cross-docking 0.00 100.00 14.97 22.88
Type of respondent 0.00 1.00 0.87 0.34
1.3. Model summary
Adi. S.E. of Change Statistics
Model R R?2 > the R2 E Sig. F
Estimate  change Change dfi  df2 Change

1 330 .109 .074 1.02204 109 3.149 8 206 .002
2 478 229 191 95560 120 15.821 2 204 .000
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1.4. ANOVA

Model Sum of Squares  df Mean Square F Sig.

Regression 26.314 8 3.289 3.149 .002
1 Residual 215.182 206 1.045

Total 241.496 214

Regression 55.208 10 5.521 6.046 .000
2 Residual 186.288 204 913

Total 241.496 214

1.5. Regression coefficients

Unstandardized

Standardized

Model Coefficients Coefficients t Sig.
B S.E. Beta
(Constant) 3.580 491 7.285 .000
Respondent -.298 225 -095 -1.324 187
LnEmpl -.162 .070 -.161 -2.313 .022
LnCI 162 .065 172 2510 .013
1 ASAR -.007 .003 -175 -2.613 .010
XDock -.001 .003 -.018 -.260 .795
dPICK 153 149 .069 1.027 .306
Bus_3YR -.003 .002 -.080 -1.164 .246
D_3PL -.019 .285 -.004 -.065 .948
(Constant) 1.512 .608 2.486 .014
Respondent -.017 221 -.005 -.078 .938
LnEmpl -.109 .067 -.108 -1.628 .105
LnCl 132 .062 140  2.118 .035
ASAR -.005 .003 -125 -1.969 .050
2 XDock .000 .003 .009 134 .893
dPICK 123 141 .055 .876 .382
Bus_3YR -.001 .002 -.020 -.301 .764
D_3PL -.150 .268 -.036 -.561 576
M_TOCEL4 .396 114 253  3.468 .001
M_ESC3 159 .065 186 2.444 .015
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2a. Hypothesis 2a

2a.l1. Variables used in regression:

Variable type’ Variable Notation
Dependent Warehouse logistics performance M_WLP
Independent of interest  Warehouse capacity andigimaut M_WCT
" For control variables, see 1.1.
2a.2. Descriptive Statistics
Variable Min. Max. Mean Std. Dev.
Warehouse logistics performance 1.00 5.60 2.69 0.89
Warehouse capacity and throughput 1.00 6.00 3.04 1.06
2a.3. Model summary
Adj S.E. of Change Statistics
Model R R2 R2 t_he R2 E gl di Sig. F
Estimate  change Change Change
1 254 .064 .028 .87941 .064 1.774 8 206 .084
2 484 235 .201 79735 170 45.581 1 205 .000
2a.4. ANOVA
Sum of Mean
Model f ig.
ode Squares d Square Sig
Regression 10.977 8 1372 1.774 .084
1 Residual 159.313 206 773
Total 170.28¢ 214
Regression 39.956 9 4440 6.983 .000
2 Residual 130.334 205 .636
Total 170.28¢ 214
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2a.5. Regression coefficients

Unstandardized

Coefficients

Standardized
Coefficients

Model t Sig.
B S.E. Beta
(Constant) 3.269 423 7.731 .000
Respondent -.236 194 -.089 -1.219 224
LnEmpl -.046 .060 -.054 -.763 446
LnClI .061 .056 077 1.092 276
1 ASAR -.005 .002 -160 -2.330 .021
XDock .000 .003 .000 .004 997
dPICK .066 129 .035 510 .610
Bus_3YR -.003 .002 -121  -1.714 .088
D_3PL 270 245 077 1.100 273
(Constant) 1.955 430 4.548 .000
Respondent -.127 176 -.048 -.719 473
LnEmpl .013 .055 .016 243 .808
LnClI .001 .051 .002 .023 981
ASAR -.003 .002 -.084 -1.319 189
’ XDock .000 .002 .008 126 .900
dPICK .009 A17 .005 .080 .937
Bus_3YR -.002 .002 -.086 -1.338 182
D_3PL 276 222 .079 1.244 215
M_WCT .367 .054 437 6.751 .000
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2b. Hypothesis 2b

2b.1. Variables used in regression:

Variable type’ Variable Notation
Dependent Warehouse financial performance M_WFP
Independent of interest  Warehouse capacity andigimaut M_WCT

" For control variables, see 1.1.

2b.2. Descriptive statistics

Variable Min. Max. Mean Std. Dev.
Warehouse financial performance 1.00 5.33 3.05 1.05
Warehouse capacity and throughput 1.00 6.00 3.04 1.06
2b.3. Model summary
Adj S.E. of Change Statistics
Model R R2 R2 t_he R2 E gl di Sig. F
Estimate  change Change Change
1 229 .053 .016 1.04132 .053 1.774 8 206 .187
2 471 222 .188 .94586 170 45.581 1 205 .000
2b.4. ANOVA
Sum of Mean .
Model Squares df Square Sig.
Regression 12.383 8 1.548 1.427 187
1 Residual 223.375 206 1.084
Total 235.757 214
Regression 39.956 9 5.817 6.502 .000
2 Residual 130.334 205 .895
Total 170.28¢ 214
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2b.5. Regression coefficients

Unstandardized

Coefficients

Standardized
Coefficients

Model t Sig.
B S.E. Beta
(Constant) 4.115 501 8.219 .000
Respondent -.330 229 -106  -1.439 152
LnEmpl -.150 .072 -151  -2.095 .037
LnClI .020 .066 .022 .306 .760
1 ASAR -.003 .003 -.073 -1.059 291
XDock -.001 .003 -.024 -.348 728
dPICK 159 152 .073 1.046 297
Bus_3YR -.003 .002 -.089 -1.261 .209
D_3PL -.100 290 -.024 -.344 731
(Constant) 2.572 510 5.044 .000
Respondent -.202 .209 -.065 -.964 .336
LnEmpl -.080 .066 -.080 -1.214 226
LnClI -.050 .061 -.053 -.819 414
ASAR .000 .003 .003 .050 .960
? XDock -.001 .003 -.017 -.263 .793
dPICK .093 139 .042 672 502
Bus_3YR -.002 .002 -.055 -.844 400
D_3PL -.092 .264 -.022 -.348 728
M_WCT 431 .064 436  6.684 .000
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3. Hypothesis 3

3.1. Variables used in regression:

Variable type’ Variable Notation
Dependent Warehouse capacity and throughput M_WCT
Independent of interest  TOC logistics paradigm MCED?2

" For control variables, see 1.1

3.2. Descriptive Statistics

Variable Min. Max. Mean Std. Dev.
TOC logistics paradigm 1.25 5.39 2.62 0.83
Warehouse capacity and throughput 1.00 6.00 3.04 1.06
3.3. Model summary
Adj S.E. of Change Statistics
Model R R2 RZ. t_he R2 E gl di Sig. F
Estimate  change Change Change
1 330 .109 .074 1.02204 .109 3.149 8 206 .002
2 469 .220 .185 .95879 111 29.080 1 205 .000
3.4. ANOVA
Sum of Mean .
Model Squares df Square Sig.
Regression 26.314 8 3.289 3.149 .002
1 Residual 215.182 206 1.045
Total 241.49€ 214
Regression 53.046 9 5894 6.412 .000
2 Residual 188.45C 205 919
Total 241.49¢€ 214
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3.5. Regression coefficients

Unstandardized

Coefficients

Standardized
Coefficients

Model t Sig.
B S.E. Beta
(Constant) 3.580 491 7.285 .000
Respondent -.298 225 -095 -1.324 187
LnEmpl -.162 .070 -161 -2.313 .022
LnClI 162 .065 172 2.510 .013
1 ASAR -.007 .003 -175 -2.613 .010
XDock -.001 .003 -.018 -.260 795
dPICK 153 149 .069 1.027 .306
Bus_3YR -.003 .002 -.080 -1.164 .246
D_3PL -.019 .285 -.004 -.065 .948
(Constant) 1.893 557 3.398 .001
Respondent .026 220 .008 119 .905
LnEmpl -.126 .066 -.125 -1.905 .058
LnClI 113 .061 121 1.851 .066
ASAR -.006 .003 -138 -2.184 .030
’ XDock .000 .003 .006 .088 .930
dPICK 150 140 .067 1.067 287
Bus_3YR -.001 .002 -.027 -412 .681
D_3PL -.161 .268 -.039 -.598 550
M_TOCEL2 467 .087 363  5.393 .000
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4. Hypothesis 4

4.1. Variables used in regression:

Variable type’ Variable Notation
Dependent Warehouse performance M_WP
Independent of interest  Warehouse capacity andigimaut M_WCT
" For control variables, see 1.1
4.2. Descriptive statistics
Variable Min. Max. Mean Std. Dev.
Warehouse performance 1.27 5.30 2.87 0.86
Warehouse capacity and throughput 1.00 6.00 3.04 1.06
4.3. Model summary
Adj S.E. of Change Statistics
Model R R2 R2 t_he R2 E gl di Sig. F
Estimate  change Change Change
1 253 .064 .028 .84572 .064 1.763 8 206 .086
2 531 .282 .250 14272 218  62.097 1 205 .000
4.4. ANOVA
Sum of Mean
Model f ig.
ode Squares d Square Sig
Regression 10.088 8 1.261 1.763 .086
1 Residual 147.33¢ 206 715
Total 157.427 214
Regression 44.343 9 4.927 8.932 .000
2 Residual 113.084 205 .552
Total 157.427 214
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4.5. Regression coefficients

Unstandardized
Coefficients

Standardized
Coefficients

Model t Sig.
B  Std. Error Beta
(Constant) 3.692 407 9.080 .000
QP Responden -.283 .186 -111 -1.520 130
LnEmpl -.098 .058 -.120 -1.687 .093
LnClI .040 .053 .053 7156 450
1 ASAR -.004 .002 -.128  -1.863 .064
XDock -.001 .003 -.015 -.213 .832
dPICK 112 124 .063 909 .364
Bus_3YR -.003 .002 -117  -1.667 .097
D_3PL .085 236 .025 .360 719
(Constant) 2.264 400 5.653 .000
QP Responden -.164 164 -.065 -1.000 319
LnEmpl -.033 .052 -.041 -.643 521
LnClI -.024 .048 -.032 -.509 611
ASAR -.001 .002 -.042 -.676 .500
? XDock .000 .002 -.006 -.099 921
dPICK .051 109 .029 471 .638
Bus_3YR -.002 .002 -.078 -1.256 211
D_3PL .092 207 .027 446 .656
M_WCT 399 .051 494 7.880 .000
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APPENDIX D
ESTIMATES VALIDATION BY PLS

Estimates by multiple linear regression analysiseveeibjected to validation by partial
least squares (PLS) using SmartPLS software. Thiehmg and estimation followed guidelines
in Becker et al. (2012) and Vinzi et al. (2010).3k a variance-based technique that estimates
model parameters by a sequence of ordinary leastrss| regressions in a way that maximizes
the variance explained for all endogenous congtr{RRe¢inartz et al., 2009, p. 332). PLS was
chosen over covariance-based structural equatiatelng (SEM) because PLS is better suited
to handle formative constructs (Reinartz et alQ®0Owhich is especially important given the
nature of our model. Instead of using latent vdeigspPLS operates with block variables that are
weighted averages of their indicators (Reinartal €2009). Since PLS takes into account factor
loadings (for reflectively modeled constructs) gradh weights (for formatively modeled
constructs), the estimates depend on the qualitiyeotonstruct measures chosen (Haenlein and
Kaplan, 2004; Reinartz et al., 2009).

To compare the PLS analyses to the initial restiitsmodel was intended to be as close
as possible to the that of the analyses perform&PiISS. However, due to unacceptable average
variance extracted (AVE) and communality (both le5), one item (RTO1) had to be
deleted, leaving thResource Trade-Ofonstruct with just two items, which is still aptable
but places a higher requirement on the samplefaizegh confidence estimates (Reinartz et al.,
20009).

There were several choices available for modeligbédr order formative constructs. In
the first approach, we used the summated scoresifrdividual regressions in SPSS to

determine the differences between the PLS estinfiatéke whole model and individual
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regression estimates in SPSS. For this analysiehigrder constructs were given the scores of
summated (equally weighted) items from the SPS&ssgpns. When the summated scores were
applied to the respective higher-order variables,RLS estimation produced results similar to
those of individual regressions confirming all hilpeses. However, the path coefficients were
lower and their bootstrapped t-statistics indiaasignificance was smaller. These results are
consistent with observations, including empiricainparisons noted in the literature that the PLS
method tends to underestimate path coefficientssdme models as much as 25% (Becker et al.,
2012; Reinartz et al., 2009).

Next, we used methods specific to PLS modelingéate models with higher-order
formative constructs. There are three approactssisied in the literature: (1) the two-stage; (2)
the repeated indicator; and (3) the hybrid appreschihe repeated indicator approach was not
appropriate, because our model included block blasawith different number of indicators
(Becker et al., 2012), which left us with the tvesrmraining approaches to consider.

According to Becker et al. (2012, the two-stagerapgh, “estimates the construct scores
of the first order constructs in a first-stage mMaosighout the second order construct present, and
subsequently uses these first-stage constructsesrmdicators for the higher-order latent
variable in a separate second-stage analysis’®6§). 8nder the hybrid approach the indicator
variables of each first-order construct are spliv two halves. The items in the first half areduse
with their original constructs, while the itemsthe other half are “assigned” together to the
higher-order construct and are used to estimasedres (Becker et al., 2012). The hybrid
approach is an improvement on the repeated indgatgproach from the theoretical perspective

in that it avoids artificially correlated residudlg using each indicator variable only once
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(Becker et al., 2012); however, it obviously shalessame problem of bias due to the different
number of indicators, a fact that seems to be owkdd in the popular PLS literature.

When using these two approaches to modeling higtaer constructs, we received
similar results confirming all hypotheses with theeption of the significance of one path:
Focused Resource Capacity ManagementVarehouse Capacity and Throughgdt/pothesis
1a). Hypothesis 1a was significant in the modehulite hybrid approach to modeling higher-
order constructs and insignificant using the twagstapproach. In the original SPSS regression
analysis, this hypothesis was significant at th& @®nfidence level, while all others were
significant at the 99% confidence level.

Moreover, the hybrid method allowed a number ofars of how to split indicator
variables, including those with unequal numbemdigators Focused Strategic Resource
Capacity Managemeptand it also affected the significance level. Plssible explanations for
the drop in significance of this path coefficient #he inherent downward bias and inconsistency
of estimates of the PLS method (Reinhartz, eR8DY) and its sensitivity to certain features of
our model that make it less appropriate for estiomatvith PLS. SpecificallylFocused Strategic
Resource Capacity Managemérais too few indicators (three), and displays & tdanternal
consistency when they are spit. PLS is known foonsistency and bias due to the reliability
issues in the construct measures and the low nuaihledicators (Reinartz et al., 2009).
Fortunately, these effects are isolated; theyiargdd to specific paths and do not affect other
parts of the model (Reinartz et al., 2009).

In conclusion, we were able to validate all hyps#sebut one by using an alternative
estimation method (PLS). For one hypothesis (Hlawsre unable to provide a definite

validation due to the limitations of the method anel model.
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