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INTRODUCTION

Performance measures are essential for effective management of any organization. Perfor-
mance measurement provides needed assessment of service and cost aspects of logistics execution
in the supply chain. Given the volume of information that logistics professionals musi consider to
make sound decisions, selecting performance measures that report timely and relevant infonnation is
critical for effective management of logistics activity.

Many managers rely on the firm's established measures, even though they may not be best
suited to provide essential management insight and guide appropriate behaviors. Long-established
measures are inherently attractive because trends can be tracked and monitored over time. However,
most firms' priorities change over time due to market and competitive dynamics. In light of this
business reality, firms and managers must be able to identify and select new or diiferent measures
consistent with evolving organizational priorities.
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Logistics management has many measures and measurement approaches from which to choose.
The academic literature and trade press suggest several prospective measures (e.g., Wisner and Faw-
cett 1991; Johnson 1998; Keebler et al. 1999). These range from high-level measures monitoring
comprehensive logistics processes to specific activity-level measures, though rarely is consideration
of a firm's unique information needs addressed. In addition to the measures, a substantial body of lit-
erature has been developed around desirable traits for individual meastires (e.g., Mentzer and Konrad
1991;Capliceand Sheffi 1994; and Mentzer and Firman 1994) and entire measurement systems (e.g.,
Kaplan 1991; Kaplan and Norton 1992; and Brewer and Speh 2000). While these works contribute to
understanding the importance of valid measurement for logistics, there is limited guidance for select-
ing the right measures to provide the required insight. Specifically, there is little guidance regarding
where a specific measure should be used and, more pointedly, where the use of the measure would
be less appropriate. This latter consideration is particularly troubling since a measure providing un-
needed information or misguided advice can be disruptive for effective logistics management.

The objective of this research is to illustrate how managers can select appropriate logistics mea-
sures to facilitate distinct evaluation and control needs by applying a framework originally proposed
by GHffis et al. (2004). Tlie research reports the findings of a survey of 311 logistics managers who
evaluated fourteen common logistics measures and assessed the utility of each for communicating
different types of information. The results provide guidelines to help practitioners identify measures
that match the information needs of logistics management throughout the organization. The process
should support the firm's effort to ensure that the right information is available to support and en-
hance decision making.

Following this introduction, the literature regarding logistics performance measurement
is reviewed. Next, hypotheses are presented and the research methodology is explained. Re-
sults of the data analysis are then presented, followed by a discussion of implications and future
research directions.

I

LITERATURE REVIEW

Logistics performance measurement literature can be segmented into two broad categories: 1)
research focusing on specific measures and their qualities, and 2) research regarding measurement
frameworks. Each category is reviewed.

Logistics Measures and Qualities
Rose (1994) underscores the importance of selecting the right measures to drive the right be-

havior and generate desired performance. As he notes, "Many excellent strategies supported by
finely tuned implementation plans have failed because of inadequate or inappropriate measurement
systems" (p. 179). As for what would define an "adequate" or "appropriate" measure, researchers
have provided views on necessary characteristics for sound measurement.

Considerable research and commentary has addressed the specific measurement qualities for
sound performance assessment. Caplice and Sheffi (1994) suggest qualities such as validity, ro-
bustness, usefulness, integration, economy, compatibility, level of detail, and behavioral soundness.
Mentzer and Firman (1994) recommend that measures be realistic, representative, consistent, cost
effective, understandable, and not "underdetermined." Measures should be comparable as well so
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that standard measures used for all customers are not unfair to one group or another (Ronen 1986).
Mentzer and Konrad (1991) poinl out that error can weaken the benefits of measurement if care is
not taken in measure usage, collection, and contribution. They add that measures should be hoth ef-
fective and efficient in their communication of critical information. In summation, measures lacking
these characteristics may be inaccurate, lead the firm to respond to false signals, or simply represent
a waste of time and thought for managers. Unfortunately, no research to date has been located that
evaluates the properties that specific measures actually possess, but research instead has focused
upon the properties measures should possess.

Aside from the characteristics or qualities of good measures, other researchers propose lists of
measures that might be considered. Table 1 lists a sample of recommended measures. Most refer-
ences providing such lists seem to suggest that more measures offer better, more comprehensive
coverage. While prioritization of measures is regarded as prerequisite for effective performance
as.sessment (Keehier et al. 1999), more guidance could be offered for how the individual firm or
manager should establish a basis for prioritization. A brief review of measurement frameworks might
help to shed light on this important aspect of measure selection.

Measurement Frameworks
Useful measurement frameworks exist both within and outside the logistics literature. Within

the logistics literature, Mentzer and Firman (1994) suggest a performance measurement framework
consisting of four performance evaluation components and six measurement criteria. Similarly, Wis-
ner and Fawcen (1991) present a framework desigtied to tie a firm's strategy to its operations, as do
Namjiet al. (2005). As a derivative of the Parasuraman,Zeithaml and Berry (1985, 1988) model of
service quality (i.e., the SERVQUAL scale), Rafele (2004) assigns logistics performance indicators
into three broad areas: tangible components (e.g., utilization of personnel, assets, and inventory),
ways of fulfillment (service care, supply conditions, and lead time), and informative actions (market-
ing, order management, and after-sales e-infonnation).

From the general business perspective, Kaplan and Norton (1992) present a "balanced score-
card" approach that builds on the interest in continuous improvement and innovation. The balanced
scorecard includes a combination of outcomes related to finances, customers, internal business, and
innovation and learning. Kaplan and Norton indicate that appropriate measures should be identified
for each area. Brewer and Speh (2000) also see value in this multi-dimensional approach by tailoring
the balanced scorecard to a supply chain perspective.

The Supply Chain Operations Reference (SCOR) model, developed and endorsed by the Sup-
ply-Chain Council, is designed as a comparative assessment and diagnostic tool for cross-industry
supply chain management standards (Supply-Chain Council 2006). The metrics associated with the
model fiow in a hierarchical manner at three different measurement levels. Level 1 metrics, those
that have received the most attention from practitioners and the Supply-Chain Council itself, are high
level measures that focus on five attributes: reliability, responsiveness, flexibility, cost, and assets.
These are similar to the aspects of customer satisfaction/quality, time, cost, and assets existing in the
literature (PRTM 1994). SCOR's Level 2 and 3 metrics are more detailed and are synthesized into
Level 1 metrics which may span multiple supply chain processes. An assumption inherent in the
SCOR model is that all measures are equally relevant and important to all members of the supply
chain. There is no guidance regarding measurement selection or prioritization.
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TABLE 1

SAMPLE PERFORMANCE MEASURES

Measure

On-Time Delivery Percentage

i' ' ;

Logistics Costs as a
Percentage of Sales
Days Order Late

Inventory Turnover Ratio

Complete Order Fill Rate

Average Order Cycle Time

Order Cycle Time Variability

Items Picked per Person per
Hour

Average Line Item Fill Rate

Weeks of Supply

Average Backorder Fill Time

Sales Lost Due to Stockout

Percent Error Pick Rate

Logistics Costs per Unit

Literature Support

Bititci 2005; Ballou 2004; Murphy and Wood 2004; Rafele
2004; Coyle et al. 2003; Bowersox et al. 2002; Stock and
Lambert 2001; Harding 1998; Johnson 1998; Boyd and
Cox 1997; Davis 1993; Kaplan I99I; Kleinsorge et al.
1991; Wisner and Fawcett 1991
Bititci 2005; Ballou 2004; Bowersox et al. 2002; Stock and
Lambert 2001; Gustin et al. 1995
Chan et al. 2003; Bowersox et al. 2002; Johnson and Davis
1998; Davis 1993
Bititci 2005; Wouters and Sportel 2005; Ballou 2004;
Rafele 2004; Coyle et al. 2003; Bowersox et al. 2002;
Keebier et al. 1999; Johnson 1998; Johnson and Davis
1998; Fisher 1997; Krupp 1994; Wisner and Fawcett 1991;
Ellrametal. 1989
Ballou 2004; Rafele 2004; Chan et al. 2003; Coyle et al.
2003; Bowersox et al. 2002; Brewer and Speh 2000;
Keebler et al. 1999; Harding 1998; Johnson 1998; Johnson
and Davis 1998; Boyd and Cox 1997; Lee and Billington
l992;EIb-ametal. 1989
Ballou 2004; Murphy and Wood 2004; Rafele 2004; Chan
et al. 2003; Coyle et al. 2003; Bowersox et al. 2002; Stock
and Lambert 2001; Evers 1999; McMullen 1996
Ballou 2004; Bowersox et al. 2002; Stock and Lambert
2001; Ellrametal. 1989
Wouters and Sportel 2005; Ballou 2004; Murphy and
Wood 2004; Payne and Peters 2004; Coyie et al. 2003;
Bowersox et al. 2002; Stock and Lambert 2001
Ballou 2004; Murphy and Wood 2004; Coyle et al. 2003;
Bowersox et al. 2002; Johnson 1998; Johnson and Davis
1998; Lee and Billington 1992; Harrington et al. 1991
Bititci 2005; Bowersox et al. 2002; Johnson and Davis
1998;Krupp 1994
Bititci 2005; Rafele 2004; Bowersox et al. 2002; Johnson
and Davis 1998
Stock and Lambert 2001; Fisher 1997; Emmelhainz et al.
1991
Murphy and Wood 2004; Rafele 2004; Bowersox et al.
2002; Stock and Lambert 2001; Brewer and Speh 2000
Wouters and Sportel 2005; Coyle et al. 2003; Bowersox et
al. 2002; Brewer and Speh 2000
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Other frameworks do provide a degree of guidance by outlining desirable characteristics of
measurement frameworks, noting that measurement needs are not necessarily universal. Richardson
and Gordon (t980) emphasize the importance of recognizing the requirement for an evolution of
performance measures as a product moves through its life cycle. Similarly, Scott and Westbrook
(1991) take a production-focused approach where measures need to be in tune with a product as it
progresses through manufacturing stages. Fisher (1997) provides an alternative product-focused
perspective, offering a framework designed to guide the selection of performance measures based
upon product attributes.

Despite these guidelines, frameworks remain broad and do not offer sufficient advice regard-
ing measurement selection to meet specific goals and situations for the logistics manager. Griffis
et al. (2004) complement existing approaches by presenting a framework designed to facilitate the
alignment between situation-specific information needs and measure selection. Their framework
has three dimensions, including: 1) competitive basis, 2) measurement focus, and 3) measurement
frequency. Figure 1 illustrates the framework. The basis for each dimension is summarized below.

FIGURE 1

MEASUREMENT SPACE

Efficiency

Competitive Basis

Responsiveness

Monitoring

Measurement Frequency

V
Diagnostic

Operational Strategic

Measurement Focus

Source: Adapted from Griffis et al. (2004)
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The competitive basis dimension finds its roots in the work of Fisher (1997), which directs the
alignment of product types with appropriate production system capabilities. Fisher explains that
innovative snd functional products require systems tailored to their respective needs. For instance,
tomato soup. Fisher suggests, is a "functional product" given its stable and predictable demand. Due
to this "functionality," Fisher suggests that products enjoying such demand characteristics are best
served by an efficiency focused production system. In comparison, more innovative products like
fashion clothing require more responsive production systems to mitigate the risk associated with the
"perishable" demand for fashion products. There should therefore be alignment between products
and their supply chain systems. In the Griffis et al. (2004) framework, responsiveness and efficiency
represent the anchor points of the competitive basis dimension. Not only does this framework bor-
row the responsiveness/efficiency dimension of competitive basis but also the concept of tradeoffs
among anchor points. As such, performance favoring responsiveness likely comes at the expense of
efficiency. The counterbalancing tendency among the anchors is found in the remaining two dimen-
sions as well.

The second dimension involves the strategic orientation of the decision maker and the result-
ing measurement focus. Bowersox and Daugherty (1995) suggest that the extent and type of per-
formance measurement preferred in any given situation is likely to vary according to the degree of
strategic orientation. Measure selection efforts must support measurement needs at both the strategic
and operational levels of the firm. Interest in both strategic and operational measurement is re-
flected in SCOR's Level I metrics, which measure "how successful [an organization] is in achieving
their desired positioning within the competitive market space," when compared to Level 2 and 3
metrics that "are generally associated with a narrower subset of processes" (Supply-Chain Council
2CI06, p. 8). While Wisner and FawceU (1991) developed a process to link operational criteria
to strategic objectives, the selection of performance measures appropriate for the different levels
within the logistics organization was not addressed. As such, the second dimension of the Griff-
is et al. (2004) framework facilitates the selection of measures to meet the needs of strategic and
operational assessment.

The third dimension of the framework addresses measurement frequency. Some measures will
be consulted infrequently to diagnose systems (Lancioni and Gattoma 1992; Kliensorge. Schary, and
Tanner 1991) while other measures need to be capable of monitoring routine day-to-day performance
(Bowersox and Daugherty 1992; Bowersox and Droge 1989), As diagnostic measures such as those
used to compare current performance with historical performance or against best practices are im-
portant, so too are those that measure routine activities that influence overall performance over time
(Marien 1995). Measures used to facilitate day-to-day oversight (i.e., monitoring) will be referenced
more frequently than those used to conduct ad hoc analysis of known problems (i.e., diagnosis). Na-
jmi et al. (2005) refer to the measures along these lines as on-going and periodic, respectively.

The three dimensions, when configured into a measurement space as Figure 1 illustrates, en-
hance the ahility of practitioners to visualize their measurement needs given a manager's responsi-
bilities and company objectives. Figure 2 illustrates how both measures and information reporting
needs can be presented simultaneously in the framework. Once able to visualize where their in-
formation reporting needs exist in relation to possible performance measures within the measure-
ment space, the manager can then consider those measures closest in proximity to the measurement
needs (i.e., those measures with characteristics most closely aligned to their infonnation reporting
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needs). Given the properties of the information reporting need (indicated by the star), an appropriate
measure can be identified to address each specific need. As an example, the measure identified by
circle 1 in the figure represents better alignment to the notional infonnation reporting need (the star)
than does measure 2, given the need for assessment of responsiveness at the operational level on an
infrequent basis.

FIGURE 2

NOTIONAL MEASURE/NEED PLACEMENT

Effkiency^
Competitive Basis y^

Responsiveness

Monitoring

Measurement Frequency

Diagnostic

Operational •^ Strategic

Measurement Focus

O Potential Measure

Measurement Need

Source: Adapted from Griffis et al. (2004)

The Griffis et al. (2004) work is not without issues. As indicated with the original framework,
the data used to develop it were inferential about measurement, rather than specifically focused on
performance measurement in the validation process. Additionally, although Griffis et al, attempted
to fit four dimensions into their framework, both this number, and the three dimensions that were
significant, falls short of the number of measurement dimensions likely to have a bearing on logistics
performance. Most importantly, the framework lacks a "real world" element given that it is largely
academic in conception and has not been applied previously by logistics practitioners; the framework
is untested in its ability to place logistics measures within the framework to help managers to match
information needs with appropriate measures. Though the 2004 work suggested hypotheses to test
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the tendency of measures to favor each measurement dimension, these hypotheses were not tested.
Measures showing clear differences in preference between the dimension anchors would provide
additional support for the concept that some measures are better suited to specific information and
reporting needs, while at the same time evaluating a group of measures for possible consideration
by practitioners.

The current research applies the framework, to the assessment of measures by logistics prac-
titioners. Three general hypotheses are proposed to assess the ability of the Griffis et al. (2(X)4)
framework to differentiate the information reporting capabilities of logistics performance measures,
to place the measures within the framework for future use, and to assess the practical usefulness of
the framework. The hypotheses are:

H,: Competitive Basis - Some measures are more suited to evaluating responsiveness, while
other measures are better at reporting efficiency.

H :̂ Measurement Focus - Some measures are more suited to reporting strategic performance
information, while other measures are better at reporting operational performance.

Ĥ : Measurement Frequency - Some measures are more useful in monitoring performance,
while other measures are better at diagnosing performance issues.

The fourteen measures appearing in Table 1 were those selected for assessment. These mea-
sures were selected due to their anticipated familiarity and usage among logistics managers. Their
selection seems appropriate in light of their reference in leading textbooks in logistics management
as well as the research literature.

The comparisons are accomplished by taking the difference between the scores of the subject
measures on each of the anchor dimensions hypothesized. In cases where respondents scored the
performance measures the same on each anchor, the resulting value would be zero. The greater the
difference the respondents perceive in the measure's information reporting capabilities, the greater
the value. In order to place the measures within the framework, hypotheses regarding the location
along the measurement dimensions are formed. These measure-specific sub-hypotheses appear in
Table 2.

For example, sub-hypothesis Ĥ ^ posits that logistics costs as a percentage of sales is a measure
that is strategic in nature. The highest levels of the firm would be primarily concerned with this mea-
sure; it is expected to have less meaning at the operational level of the firm. Therefore, logistics cost
as a percentage of sales is hypothesized to hold greater relevance to strategic decisions regarding
business priorities and resource allocation than to specific actions at the worker level. All sub-hy-
potheses were developed through indef)endent analysis by the research team using this type of logic.
Once these independent assessments were made, the researchers compared their results to resolve
any differences in their assessment of the types of information the measures would best report. In the
few cases where differences existed initially, consensus was eventually obtained or a sub-hypothesis
was not brought forward. The output of this procedure is reported as the hypotheses listed in Table 2.
Areas for which no hypotheses are listed were believed to be indifferent on those particular measure-^
ment dimensions. Measures may be indifferent to some, but not all, dimensions.
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TABLE 2

MEASURE-SPECIFIC SUB-HYPOTHESES

Measure

On-Time
Delivery
Percentage
Logistics
Costs as a
Percenlagc of
Sales
Days Order
Late
Invenloiy
Turnover
Ratio
Complete
Order Fill Rate
Average Order
Cycle Time
Order Cycle
Time
Variability
Items Picked
per Person per
Hour
Average Line
Item Fill Rate
Weeks of
Supply

Average
Backorder Fill
Time
Sales Lost Due
to Stockouls
Percent Error
Pick Rate
Logistics
Costs per Unit

Competitive Basis

Responsiveness or
EfTiciency

Responsiveness (HiJ

Responsiveness (Hic)

EfBciency (HM)

Responsiveness (H|f)

Efficiency (Hih)

Effieiency (H|,)

Responsiveness (Hu,)

Efficieney (HmO

Efficiency (H|n)

Measurement Focus

Strategic or
Operational

Strategic (H^t)

Strategic (HM)

Operational (Hjh)

Operational (H2i)

Strategic (H ĵ)

Strategic (Hu)

Operational (H2m)

Strategic (HiJ

Measurement
Frequency

Monitoring or
Diagnostic

Diagnostic (Hj.)

Diagnostic (H]i,)

Monitoring (H3c)

Diagnostic (H]d)

Diagnostic (Hje)

Diagnostic (H ĝ)

Monitoring(Hjh)

Monitoring(H3i)

Monitoring(Him)
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RESEARCH METHOD

Survey data were used to assess the framework's ability to detect measure properties and popu-
late the framework with logistics performance measures. The survey sought the input of logistics
practitioners to evaluate performance measures from Table 1 with respect to the ability of each mea-
sure to report distinct infonnation for each of the dimension anchors shown in Figure 1. The ap-
pendix illustrates the survey instrument for a sample measure. The survey instrument incorporated
a five-point Likert-type scale, where the respondents evaluated the usefulness of a logistics perfor-
mance measure to determine a certain type of performance (e.g., responsiveness) on a scale ranging
from "Not Useful" to "Very Useful." The survey instrument was pretested with logistics practitio-
ners. The comments received were helpful in identifying wording and administrative elements of the
survey to be resolved in the final survey instrument. Additionally, the response variability obtained
from the pretest allowed for statistical power calculations to be performed, thereby guiding the re-
searchers in the sample size needs for the survey.

The sample frame for the survey is middle- and senior-level managers employed by manufactur-
ers and merchandisers who are members of the Council of Supply Chain Management Professionals
(then the Council of Logistics Management). Respondents to the survey are at or above the level
of manager in their respective firms. This level is sought as these individuals should have sufficient
depth and hreadth of experience in the logistics field and are more likely to have the experience
necessary to evaluate logistics measures. A total of 2,668 potential respondents were sent a copy of
the survey.

Of the 2,668 distributed surveys, 307 were confirmed as undeliverable, leaving a total of 2,361
potential respondents. Concerns regarding sequencing effects, where the ordering of questions might
have a bearing on the results, were controlled for by ensuring respondents randomly received one of
three versions of the survey. Post hoc analysis showed that the order of the questions had no effect
on the response.

The survey generated 311 completed surveys for an overall response rate of 13.17 piercent.
Though lower than hoped for, the response rate was nearly at the mean of the observed response
rate range (7.8 percent to 19.7 percent) reported in survey response rates in the Journal of Business
Logistics for large samples (n = 2.000 to lO.CXK)) during the 1996 to 2005 timeframe. Non-response
bias was tested by two separate methods. Evaluation using procedures suggested by Armstrong and
Overton (1977) as well as Lambert and Harrington (1990) revealed no statistically significant differ-
ences in the data.

Respondents were asked to complete a demographic profile. The respondents were, as expjected
and desired, a very experienced and highly placed group. The logistics experience and job title infor-
mation reported by respondents who completed the demographic profile are shown in Table 3.
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TABLE 3

RESPONDENT DEMOGRAPHICS

Job Title

Manager
Senior Manager

Director
Vice President
PresidcnL'CHO

Other
Count
Percent

Logistics Experience

1-3
Years

6
2
2
1
-
1
12

4.9%

4-6
Years

8
3
8
1
_
4
24

9.8%

7-15
Years

25
14
21
7
1
2
70

28.7%

16-25
Years

17
15
23
17
1
7

80
32.8%

Over 25
Years

8
6

24
11
1
2
52

21.3%

Not
Reported

2
1
-.
3
~
—
6

2.5%

Count

66
41
78
40
3
16

Percent

27.1%
16.8%
32.0%
16.4%
1.2%
6.6%

RESULTS

Hypothesis testing was performed using a Hotelling "P test, which provides a global test of dif-
ferences while accounting for correlation between measurement items (Johnson and Wichem 1998).
The test is performed by comparing the calculated Hotelling T̂  score to the Tcriiical value at an alpha
level of 0.05 for the observed sample size with the appropriate degrees of freedom. In cases where
the null hypothesis is rejected, support exists for the respondents' "trading-off' one factor against
another. Calculation of the Hotelling T' statistic is:

where fi is the vector of hypothesized means, X contains the sample means for each of the columns,
and S"' is the sample variance-covariance matrix of T. The general form of the hypotheses based
on mean difference scores is:

Ho: Hi
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The Hotelling T̂  values obsetred for each of the three main hypotheses exceeded the critical
valueofT^of 2.326 at an alpha level of 0.01. The results appear at the bottom of Table 4, with val-
ues of 887.35 for H,, 341.53 for H ,̂ and 255.94 for H,, rejecting each H,, in favor of the alternative
hypotheses. These results indicate that respondents perceive some measures as better at reporting
specific information than others. Detecting this measurement tradeoff with practitioner data indi-
cates support for the framework suggested by Griffis et al. (2004) and provides more confidence in
the actual placement and use of the measures considered.

TABLE 4

SIGNIFICANT MEAN DIFFERENCE SCORES (RESULTS)

Measure

On-Time
Delivery
Percentage
logistics
Costs as a
Percentage of
Sales
Days Order
Late
Inventory
Turnover
Ratio
Complete
Order Fill Rate
Average Order
Cycle Time
Order Cycle
Time
Variability
Items Picked
per Person per
Hour
Average Line
Item Fill Rate
Weeks of
Supply
Average
Backorder Fill
Time
Sales Lost Due
to Stockouts
Percent Error
Pick Rate
Logistics
Costs per Unit

T-Value Obs.

Competitive Busts

Responsiveness or
Effictency

(0.77), Effieiency

(0.39) Efficiency

(0.26)i Efficiency

(0.36)3 Efficiency

(1.18) Efficiency

(0.29)i Efiiciency

(0.29)i Responsiveness

(0.71) Efficiency

(0.88) Efficiency

887.35

Measurement Focus

Strategic or
Operational

(0.47)i Operational

(1.21) Strategic

(I.O6)| Operational

(l.ll)Strategic

(0.20), Strategic

(O.3O)| Operational

(1 -80) Operational

(0.47) Operational

(0.71) Strategic

(1.15) Strategic

(1.93)OperBtional

(0.63) Strategic

341.53

Measurement
Frequency

Monitoring or
DiaKnostic

(0.88)2 Monitoring

(0.39) Diagnostic

(0.70) Monitoring

(0.60)i Monitoring

(0.33)i Monitoring

(1.00) Monitoring

(0.82) Monitoring

(0.24)i Monitoring

(0.24)i Monitoring

(0.88) Monitoring

(0.25)i Diagnostic

255.94

All reported values are significant at alpha = 0.05
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In light of the strong support of global differences between the hypothesized means and sample
means, focus is next directed to the individual measures. Table 4 illustrates the significant mean
difference scores for the logistics measures. This information identifies which individual measures,
as determined by the surveyed logistics practitioners, demonstrated an ability to report one type of
information better than another (e.g., strategic more than operational, or vice versa). Although all the
differences shown demonstrate statistical significance at alpha equal to 0.05 or better, those with the
greatest difference scores suggest the greatest managerial relevance.

Along the competitive basis dimension (responsiveness/efficiency), as evidenced by the strong
individual mean difference scores, there is clear separation for a few of the performance measures,
namely items picked per person per hour, logistics costs as a percentage of sales, logistics costs per
unit, and percent error pick rate - all favoring efficiency. It is interesting to note that despite contin-
ued interest in being responsive to customers, only one of the logistics performance measures tested
was perceived by the sampled logistics practitioners to report this quality.

Along the operational/strategic dimension, the results indicate that respondents perceived an
even number of measures of each type. In general, the operational measures appear to be associated
with customer service and productivity, while the strategic measures appear to be more financially
related. This is consistent with the depiction of typical performance metrics outlined by Bowersox et
al. (2002). These emphases tend to underscore the two different levels of activity in the firm, with the
employees nearest the work concerned with service and productivity while those in corporate offices
concern themselves predominately with bottom-line performance.

Like responsiveness, few measures appeared to favor the diagnostic end of the measurement
frequency (i.e., monitoring/diagnostic) scale, with logi.itics costs as a percentage of sales and logis-
tics costs per unit as the exceptions. While logistics costs as a percentage of sales was expected to
be diagnostic, logistics costs per unit was not anticipated to favor either diagnostic or monitoring in
terms of frequency.

Once these tendencies are captured, placement of actual measures within the framework be-
comes possible using the mean difference scores. Figure 3 revisits the measurement framework,
positioning a notional firm's measurement need with actual performance measures within the frame-
work. This need might reflect a changed emphasis within the firm or a response to a specific concern.
This example represents a need by the firm for a logistics measure that focuses on the firm's opera-
tional performance, with a concern for efficiency, and a need to frequently monitor performance; this
measurement need's location within the framework is depicted by the star.

While all of the measures considered for this study could be placed within the framework at
this time, only two are placed given the limitations of presenting three-dimensional data on a two-
dimensional space. The two measures chosen are logistics costs as percentage of sales (Measure I),
and percent error pick rate (Measure 2). The specific values associated with the measures' mean dif-
ference scores appear in Table 4, and the resulting positions within the framework are denoted by the
numbered circles in Figure 3. It is evident in analyzing these positions that if the firm is concerned
with efficiency in an operational setting and monitoring this frequently, that Measure #2 (percent
error pick rate) is better aligned to these mea.surement needs than Measure #1 (logistics costs as a
percentage of sales). Fully populating the framework with all the measures would allow the firm
to choose performance measures best suited to its unique measurement needs, as well as determine
which existing measures should be either emphasized or downplayed, given the firm's current infor-
mation needs.
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FIGURE 3

MEASURE/NEED PLACEMENT

Competitive Basis

Responsiveness

Monitoring

Measurement Frequency

Diagnostic

Operational Strategic

Measurement Focus

Logistics Costs as a Percentage of Sales

Percent Error Pick Rate

Measurement Need

A few observations become apparent upon review of tbe measure placements within tbe frame-
work. Tbe comjietitive basis dimension (with responsiveness and efficiency as anchors) demon-
strated the greatest measurement separation as evidenced by its strong Hotelling T̂  value. It appears
that managers perceive the difference between a measure's responsiveness and efficiency assessment
capabilities to be greater than in the other measurement dimensions. If tbe difference in measures'
information reporting capability between responsiveness and efficiency measures is as strong as tbe
managers indicate in this research, it may be easier to distinguish the difference but also important
to select a measure reporting distinctly responsive or efficiency infonnation, depending on the need.
Although the other measurement dimensions demonstrated less stark separation between the mea-
sures along the respective dimensions, tradeoffs within the dimensions are still apparent.

From a managerial perspective, tbe less dramatic measurement separation might appear to make
the results less palatable. As noted, every measure appearing in Table 4 demonstrated a statistically
significant difference across one or more dimensions. However, in some cases, tbe degree of tbat
difference may be managerially slight. In cases where the difference in capability of a measure such
as percent error pick rate on the measurement focus dimension was judged to be nearly two points
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out of a maximum of four possible, then a clear tendency is apparent. However, measures with a
statistically significant mean difference score of only 0.20 out of the possible four speak less clearly
in a managerial sense to the selection of appropriate measures.

Evaluation of the relevant measurement positioning offers additional insight into the selection
of logistics j)erfonnance measures. Some measures were placed with a much greater specificity than
others, meaning they were significant on more dimensions, and the statistical strength of that sig-
nificance was greater. The measure items picked per person per hour was the measure that demon-
strated the strongest tendencies for two of the three measurement dimensions, and showed the second
strongest tendency on the remaining dimension. This measure favored the measurement aspects of
efficiency, operational focus, and monitoring. A warehousing operation concerned with operational
performance, efficiency, and looking to employ a set of frequently consulted monitoring measures
should consider using this measure. The measure percent error pick rate also received fairly strong
placement, scoring most strongly in one dimension (measurement focus) and second and fourth most
strongly in the other two dimensions (measurement frequency and competitive basis, respectively).
The measures days order late and logistics cost per unit were the more extremely placed than most
other measures on the dimensions for which they were found to be significant.

Some of the measurement dimensions demonstrated a "one-sidedness" regarding the placement
of measures within the dimension. Of the fourteen mea.sures considered, nine were significant to the
competitive basis dimension. Of those nine, respondents judged eight of the nine measures to be effi-
ciency measures. Although it is doubtful that measures of responsiveness do not exist, given that the
measures used were commonly suggested measures from logistics textbooks and the literature, it is
interesting that the managers judged only one of the measures to be a strong gauge of responsiveness.
This finding is particularly interesting in light of increased emphasis on responsiveness to customers.
One of three possible explanations appears reasonable. It may be that an emphasis on responsiveness
has not made its way to the measurement development stage. Although this seems unlikely with the
attention given to responsiveness, it is a possibility. Another possibility is that the measures com-
monly utilized within the field are perceived to be ill suited for measuring responsiveness. A final
possibility is that the measures chosen from the literature do not lend themselves to placement within
this specific measurement dimension.

The approach suggested here is not a "once and done" proposition for a logistics organization.
As emphasis within the firm changes due to strategic orientation, product maturity or management
direction, the informational needs of the firm can shift within the framework. As this occurs, the
framework can be revisited to determine those performance measures most appropriate for the new
direction of the organization.

Additionally, the framework's ability to place measures can be applied to different firms as well
as throughout a single firm over time. A single firm may use it as situations change over time, but it
also applies to wholly different firms with unique strategies and measurement needs. Each firm can
evaluate their own measurement needs, consulting the framework to assess which measures occupy
the desired measurement space to fulfill the firm's measurement needs. Finally, the framework can
support the various levels of the firm in selecting appropriate measures.



50 GRIFFIS, GOLDSBY, COOPER, AND CLOSS

CONCLUSION

The illustrated framework allows managers to evaluate their measurement needs and identify
where their utiique needs fit within the framework. As was performed in this research, managers can
also place measures under consideration for use in their firm within the framework as well. Once
these two pieces of information are known, the manager can better ensure that measures occupying
the same 'measurement space' (i.e., those measures possessing information reporting capabilities
most closely aligned with desired infonnation reporting needs) are chosen. Another benefit that this
framework provides is the ability for managers to revisit the framework over time. One contribution
of the research effort is to show how firms, confronted with change, can dynamically address the is-
sue of performance measure selection rather than rely on a static group of performance measures.

Theresearchalsoexpands the concept of tradeoffs inferred by Fisher (1997). Fisher introduced
the concept of aligning logistics performance measures with the characteristics of the supply chain
employed by a firm. Fisher noted that two corners of his 2 x 2 matrix resulted in aligtiment between
product characteristics and organizational systems, while the other two comers resulted in misalign-
ment. This research builds upon Fisher's concept and the Griffis et al. (2004) framework, showing
that it is possible to closely align performance measures with the information reporting needs of the
firm.

As with any research, there are limitations as well as opportunities for extensions. For instance,
it is entirely possible that there are other dimensions that involve tradeoffs in the minds of iogisti-
cians beyond the three dimensions examined in this research. Subsequent research could determine
where these additional tradeoffs are present and then test if these tradeoffs enhance the utility of the
framework. Extension of the framework with these additional dimensions would make visualization
of the framework beyond three dimensions more difficult, but properly done, should further benefit
practitioners in their measure selection efforts.

Other extensions of the current research are also possible. The set of measures chosen for this
research were intentionally limited. Rather than present an exhaustive list of measures to logistics
managers, only those believed be most familiar and enjoy wide acceptance among practitioners were
chosen. As such, the framework is currently only populated by these measures. Continuing this
research by evaluating a larger set of measures would benefit practitioners by extending the set
of measures under consideration when utilizing this framework. In addition, the very method for
reaching consensus on information reporting needs in an organizational setting could enhance our
understanding of measurement system development. Case studies could prove insightful in these
research endeavors.

This focal framework in the current research focuses on the cost and service responsibilities
to which the logistics manager or executive would be accountable. Despite widespread interest in
supply chain management and concem for appropriate cross-functional metrics, the need remains
for measures that guide the work conducted in the logistics function. As such, the measures used
in this framework apply to the logistics domain rather than to supply chain management in gen-
eral. Subsequent research can broaden the scope of the model to the supply chain management
domain, where cross-functional input is sought and the contribution of each function is measured.
Though this broadened perspective represents opportunity, so does a narrower perspective. Numer-
ous detailed performance measures exist for logistics activities (e.g., transportation, warehousing.
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and order processing) that could be individually assessed within the scope of this framework. De-
termination of appropriate activity-specific measures would help to guide the efforts of frontline
logistics supervisors.

The authors hope that the framework examined here will encourage logistics managers to con-
sider the purposes of the measures collected and analyzed. This thought process alone can aid in
evaluating which measures should be collected for what purposes. People will strive toward the
measures for whicb they are rewarded. Management must be careful to select the right measures to
achieve the desired results for individuals, functions, and the overall firm.

NOTES

Armstrong. J. Scott and Terry S. Overton {1977), "Estimating Non-Response Bias in Mail Surveys,"
Journal of Marketing Research, Vol. 14. No. 3, pp. 396-402.

Ballou, Ronald H. (2004), Business Logistics/Supply Chain Management., 5th Edition. Upper Saddle
River. NJ: Pearson Prentice Hall.

Bititci, Umit S.. Kepa Mendibil. Veronica Martinez, and Pavel Aibores (2005). "Measuring and Man-
aging Performance in Extended Enterprises." International Journal of Operations & Production-
Management, Vol. 25. No. 4, pp. 333-353.

Brewer. Peter C. and Thomas W. Speh (2000). "Using the Balanced Scorecard to Measure Supply
Chain Performance," Journal of Business Logistics, Vol. 21, No 1, pp. 75-93.

Bowersox, Donald J.. David J. Closs, and M. Bixby Cooper (2002), Supply Chain Logistics Manage-
ment, New York: McGraw-Hill/Irwin.

Bowersox, Donald J. and Patricia J. Daugherty (1992), "Logistics Leadership - Logistics Organiza-
tions of the Future," Logistics Information Management, Vol. 5, No. 1, pp. 12-17.

Bowersox, Donald J. and Patricia J. Daugherty (1995), "Logistics Paradigms - The Impact of Lot-
ties Tcchnoiogy," Journal of Business Logistics, \o\. 16, No. l.pp. 65-77.

Bowersox. Donald J. and Cornelia Droge (1989). "Similarities in the Organization and Practice of
Logistics," Journal of Business Logistics, Vol. 10, No. 2. pp. 61-72.

Boyd. Lynn H. and James F. Cox III (1997), "A Cause and Effect Approach to Analyzing PerfOT-
niance Measures." Production and Inventory Management Journal, Vol. 38, No. 3, pp. 25-32.

Caplice. Chris and Yossi Sheffi (1994), "A Review and Evaluation of Logistics Metrics." The Inter-
national Journal of Logistics Management, Vol. 5, No 2. pp. 11-28.

Chan, Febx T.S., H.J. Qi, H.K. Chan, Henry C.W. Lau. and Ralph W.L. Ip (2003), "A Conceptual
Model of Performance Measurement for Supply Chains." Management Decision, Vol. 41, No. 7,
pp. 635-642.



52 GRIFFIS, GOLDSBY, COOPER. AND CLOSS

Coyle, John J., Edward J. Bardi, and C. John Langley, Jr. (2003), The Management of Business Lo-
gistics: A Supply Chain Perspective., 7th Edition, Mason, OH; South-Western.

Davis, Tom (1993). "Effective Supply Chain Management," Sloan Management Review, Vol. 34,
No. 4, pp. 35-46.

Elkam, Lisa M., Bernard J. LaLonde, and Mary M. Weber (1989), "Retail Logistics," International
Journal of Physical Distribution & Logistics Management, Vol. 19, No. 12, pp. 29-39.

Emmelhainz, Margaret A., James R. Stock, and Lany W. Emmelhainz (1991), "Consumer
Responses to Retail Stock-outs," Journal of Retailing, Vol. 67, No. 2, pp. 138-148.

Evers, Philip T. (1999), "Filling Customer Orders from Multiple Locations: A Comparison of Pooling
Methods,," Journal of Business Logistics,Vol. 20, No. l.pp. 121-139.

Fisher, Marshall L. (1997), "What is the Right Supply Chain for Your Product?" Harvard Business
Review, Vol. 75, No. 2, pp. 105-116.

Griffis, Stanley E., Martha C. Cooper, Thomas L Goldsby. and David J. Closs (2004), "Performance
Measurement: Measure Selection Based upon Firm Goals and Infonnation Reporting Needs," Jour-
nal of Business Logistics, Vol. 25, No. 2, pp. 95-118. i

Gustin, Craig M., Patricia J. Daugherty, and Theodore P. Stank (1995), "The Effects of Information
Availability on Logistics Integration," yo«rna/o/B«xi«e.s.sLogisric5, Vol. 16, No. Lpp. 1-21.

Harrington, Thomas C , Douglas M. Lambert, and Martin Christopher (1991), "A Methodology for
Measuring Vendor Performance," yoHr/ia/o/Su.vines.sLo^/.srici, Vol. 12, No. 1, pp. 83-104.

Harding, Forrest E. (1998), "Logistics Service Provider Quality: Private Measurement, Evaluation,
and impTovsment,''' Journal of Business Logistics, Wol. 19,No. l,pp. 103-120.

Johnson, M. Eric (1998), "Giving 'Em What They Want," Management Review, Vot. 87, No. 10,
pp. 62-67.

Johnson, M. Eric and Tom Davis (1998), "Improving Supply Chain Performance by Using Order
Fulfillment Metrics," National Productivity Review, Vol. 17, No. 3, pp. 3-16.

Johnson. Richard A. and Dean W. Wichem (1998), Applied Multivariate Statistical Analysis, 4th
Edition, Upper Saddle River, NJ: Prentice Hall.

Kaplan. Robert. S. (1991), "New Systems for Measurement and Control," The Engineering Econo-
mist, Vol. 36, No. 3, pp. 201-218.

Kaplan, Robert S. and David P. Norton (1992), "The Balanced Scorecard - Measures that Drive
Performance," Harvard Business Review, Vol. 70, No. I, pp. 71-80.



JOURNAL OF BUSINESS LOGISTICS, VOL. 28, NO. 2, 2007 S3

Keebler, James S., Karl B. Mandrodt, David A Durtsche, and D. Michael Ledyard (1999). Keeping
Score: Measuring the Business Value of Logistics in the Supply Chain, Oak Brook, IL: Council of
Logistics Management.

Kleinsorge, Ilene K.. Philip B. Schary, and Ray D. Tanner (1991). "The Shipper-Carrier
Partnership: A New Tool for Performance Evaluation," Journal of Business Logistics, Vo!. 12.
No. 2, pp. 35-57.

Krupp. James A.G. (1994), "Measuring Inventory Management Performance," Production and
Inventory Management Journal, Vol. 35. No. 4. pp. 1-6.

Lambert. Douglas, M. and Thomas C. Harrington (1990), "Measuring Nonresponse in Customer
Service Mail Surveys," Journal of Business Logistics, Vol. 11, No. 2. pp. 5-25.

Lancioni, Richard and John L. Gattoma (1992), "Setting Standards for Quality Service in
Logistics." International Journal of Physical Distribution and Logistics Management, Vol. 22,
No. 3, pp. 24-29.

Lee, Hau L. and Corey Billington (1992), "Managing Supply Chain Inventory; Pitfalls and Opportu-
nities," Sloan Management Review, Vol. 33. No. 3, pp. 65-73.

Marien, Edward J. (1995). "Structuring the Shipper/Carrier Relationship," Transportation and
Distribution, Vol. 36, No. 7. pp. 60-62.

McMullen. Amanda (1996), "Supply Chain Management Practices in Asia Pacific Today,"
International Journal of Physical Distribution and Logistics Management, Vol. 26, No. 10.
pp. 79-95.

Mentzer, John T. and John Firman (1994), "Logistics Control Systems in the 21st Century," yo«ma/
of Business Logistics, Vol.15, No. l,pp. 215-227.

Mentzer, John T. and Brenda P. Konrad (1991), "An Efficiency/Effectiveness Approach to Logistics
Performance Measurement," Journal of Business Logistics, Vol. 12, No. 1, pp. 33-62.

Murphy, Paul. R. and Donald F. Wood (2004), Contemporary Logistics, 8th Edition, Upper Saddle
River, NJ: Pearson Prentice Hall.

Namji. Manoochehr. John Rigas, and Ip-Shing Fan (2005). "A Framework to Review Performance
Measurement Syslems" Business Process Management Journal, Vol. 11. No. 2, pp. 109-122.

Parasuraman, A.. Valerie A. Zeithaml, and Leonard L. Berry (1985). "A Conceptual Model of
Service Quality and its Implications for Future Research," Journal of Marketing, Vol. 49, No. 4,
pp. 41-50.



54 GRIFEIS, GOLDSBY. COOPER, AND CLOSS

Parasuraman, A., Valerie A. Zeithaml, and Leonard L. Berry (1988), "SERVQUAL: A Multiple-
Item Scale for Measuring Consumer Perceptions of Service Quality," Journal of Retailing, Vol.
64, No. l,pp. 12-40.

Payne. Tim and Melvyn J. Peters (2004), "What is the Right Supply Chain for Your Products?" The
International Journal of Logistics Management, Vol. 15. No. 2. pp. 11-92.

PRTM Consulting (1994), Integrating Supply Chain Performance Metrics: A Multi-Industry
Consortium Recommendation, Weston. MA: PRTM.

Rafele, Carlo (2004), "Logistics Service Measurement: A Reference Framework," Journal of
Manufacturing Technology Management, Vol. 15, No. 3, pp. 280-290.

Richardson. Peter and John Gordon (1980), "Measuring Total Manufacturing Performance," Sloan
Management Review, Vol. 21, No. 2, pp. 47-58.

Ronen. David (1986), "On Measuring the Productivity of Truck Dispatches," JoumcU of Business
Logistics, Vol. 7. No. 2. pp. 126-131.

Rose, Allen D. (1994), "Logistics Strategy: Integration, Implementation, and Management," in The
Logistics Handbook. James F. Robeson and William C. Copacino, eds.. New York: Free Press,
pp. 175-180.

Scott, Charles and Roy Westbrook (1991). "New Strategic Tools for Supply Chain Management."
International Journal of Physical Distribution and Logistics Management, Vol. 21, No. 1.
pp. 22-33.

Stock, James R. and Douglas M. Lambert (2001), Strategic Logistics Management, 4th Edition,
New York: McGraw-Hill/Irwin.

Supply Chain Council (2006), Supply-Chain Operations Reference Model: SCOR Version 8.0
Overview, available at: http://www.supply-rh.Tin.org/page.ww? nflpie=SCOR+8.0+Model+Down
load&section=SCOR+Model.

Wisner. Joel D. and Stanley E. Fawcett (1991). "Linking Fimi Strategy to Operating Decisions
through Performance Measurement." Production and Inventory Management Journal, Vol. 31.
No. 3, pp. 5-11.

Woutens. Marc and Mark Sportel (2005), "The Role of Existing Measures in Developing and
Implementing Performance Measurement Systems," International Journal of Operations &
Production Management,'Vol. 25, No. l l ,pp . 1062-1082.



JOURNAL OF BUSINESS LOGISTICS, VOL. 28. NO. 2, 2007 55

4—>

c
o

Q

6

APPENDIX
Example of Survey Instrument

o

o

I O

O't

o

|o

O

o

oS

O

o

ol

o

Of.

o

| O

1 o

o

o

IO

I

o o

o

ol

o

S 2

a l
0) 4> C .

0- -D D, "

a

I



56 GRIFFIS, GOLDSBY, COOPER, AND CLOSS

ABOUT THE AUTHORS

Stanley E. Griffis (Ph.D. The Ohio State University) is an Assistant Professor of Logistics
Management in the School of Engineering and Management at the Air Force Institute of Technol-
ogy in Dayton Ohio. His current research interests include social networks in supply chains, logis-
tics performance measurement, reverse logistics, and the role of logistics in customer satisfaction
and loyalty.

Thomas J. Goldsby (Ph.D. Michigan State University) is an Associate Professor of Sup-
ply Chain Management, Gatton College of Business and Economics, University of Kentucky. He
also holds a B.S. in Business Administration from the University of Evansville and M.B.A. from
the University of Kentucky. His research interests focus on logistics customer service and supply
chain integration. He also has interest in the development and implementation of lean and agile
supply chain strategies. He is co-author of Lean Six Sigma Logistics: Strategic Development to
Operational Success.

Martha Cooper (Ph.D. The Ohio State University) is a Visiting Professor of Logistics at the
Air Force Institute of Technology and Professor of Marketing and Logistics, Fisher College of
Business, The Ohio State University. She has worked in brand management and In sales. Her
research interests include supply chain management, partnership and other inter-firm relationships,
the role of customer service in corporate strategy, international logistics, and strategic planning
for logistics.

David J. Cioss (Ph.D. Michigan State University) is the John H. McConneH Chaired Professor
in Business Administration at Michigan State University. He has authored three logistics textbooks
including the latest: Supply Chain Logistics Management. Dr. Closs is the author and co-author of
many publications in journals, proceedings, and industry reports. He was also a principle researcher
for the World Class Logistics: The Challenge of Managing Continuous Change and 2Ist Century
Logistics: Making Supply Chain Integration A Reality completed at Michigan State and published
by the Council of Logistics Management. Dr. Closs' primary interests include logistics strategy and
the development and application of computer models, information systems for logistics operations
and planning, and supply chain security. Dr. Closs is a frequent speaker at industry and academic
conferences and presenter at executive education programs. Dr. Closs was the editor of the Journal
of Business Logistics and is Editor of Logistics Quarterly.



Text Box
Disponível em: http://www.ebscohost.com. Acesso em 14/5/2008.




