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Abstract

Purpose — This paper aims to propose a new benchmarking framework that uses a series of existing
intuitive and analytical methods to systematically capture both objective data and subjective beliefs
and preferences from a group of decision makers (DMs).

Design/methodology/approach — The proposed framework combines the excellence model
developed by the European Foundation for Quality Management with the Rembrandt method, the
entropy concept, the weighted-sum approach, and the theory of the displaced ideal. Hard data and
personal judgments are synthesized to evaluate a set of business units (BUs) with two overall
performance scores plotted in a four quadrant model.

Findings — The two performance scores are used to benchmark the performance of the BUs in
accordance with their Euclidean distance from the “ideal” BU. Quadrants are used to classify the BUs
as efficacious, productive ineffectual, proficient unproductive, and inefficacious. The efficacious BUs,
referred to as “excellent”, fall in the competency zone and have the shortest Euclidean distance from
the ideal BU relative to their peers.

Originality/value — The benchmarking framework presented in this study has some obvious
attractive features. First, the generic nature of the framework allows for the subjective and objective
evaluation of a finite number of BUs by a group of DMs. Second, the information requirements of the
framework are stratified hierarchically allowing DMs to focus on a small area of the large problem.
Third, the framework does not dispel subjectivity; it calibrates the subjective weights with the
objective weights determined through the entropy concept.
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1. Introduction
In this study, a benchmarking framework is proposed which uses:

EFQM-
Rembrandt

+ the excellence model developed by the European Foundation for Quality excellence model

Management (EFQM, 2003) to identify the relevant decision criteria for
evaluating a set of business units (BUs);

+ the Rembrandt method to assign importance weights to these decision criteria;

+ the entropy concept to revise these importance weights with the intrinsic weights
derived from the performance scores;

* the weighted-sum approach to arrive at two weighted overall scores for each BU
under consideration; and

* the theory of the displaced ideal to represent the degree of excellence for each BU.

The EFQM excellence model is a practical benchmarking tool to help organizations
measure where they are on the path to excellence, help them understand the gaps,
and then stimulate the best possible solutions (Karkoszka and Szewieczek, 2007;
Michalska, 2008; Nazemi, 2010; Santos-Vijande and Alvarez-Gonzalez, 2007). This
paper is organized into five sections. The following section presents the literature
review. In Section 3, details of the proposed framework is outlined. In Section 4, there is
an application of the applicability of the proposed framework to exhibit the efficacy of
the procedures and algorithms. Section 5 consists of the conclusion and future research
directions.

2. Literature review

Multi-criteria  decision-making (MCDM) methods are frequently used to solve
real-world problems with multiple, conflicting, and incommensurate criteria. Each
method provides a different approach for selecting the best among several preselected
alternatives (Janic and Reggiani, 2002). MCDM methods are generally categorized as
continuous or discrete, depending on the domain of alternatives. Hwang and Yoon
(1981) have classified the MCDM methods into two categories: multi-objective decision
making (MODM) and multi-attribute decision making (MADM).

MODM has been widely studied by means of mathematical programming methods
with well-formulated theoretical frameworks. MODM methods have decision variable
values that are determined in a continuous or integer domain with either an infinite
or a large number of alternative choices, the best of which should satisfy the
decision-maker (DM) constraints and preference priorities (Hwang and Masud, 1979;
Ehrgott and Wiecek, 2005).

Conversely, MADM methods have been used to solve problems with discrete
decision spaces and a predetermined or a limited number of alternative choices.
The MADM solution process requires inter- and intra-attribute comparisons and
mvolves implicit or explicit tradeoffs (Hwang and Yoon, 1981). MADM methods are
used for circumstances that necessitate the consideration of different options that
cannot be measured in a single dimension. MADM methods assist DMs to learn about
the issues they face, the value systems of their own and other parties, and the
organizational values and objectives that will consequently guide them in identifying a
preferred course of action. The primary goal in MADM is to provide a set of
attribute-aggregation methodologies for considering the preferences and judgments
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of DMs (Doumpos and Zopounidis, 2002). Roy (1990) argues that solving MADM
problems is not searching for an optimal solution, but rather helping DMs master the
complex judgments and data involved in their problems and advance towards an
acceptable solution. Multi-attributes analysis is not a template that can be applied to
every problem and situation. The development of MADM models has often been
dictated by real-life problems. Therefore, it is not surprising that methods have
appeared in a rather diffuse manner, without any clear general methodology or basic
theory (Vincke, 1992). The selection of a MADM framework or method should be done
carefully according to the nature of the problem, types of choices, measurement scales,
dependency among the attributes, type of uncertainty, expectations of the DMs, and the
quantity and quality of the available data and judgments (Vincke, 1992). Finding the
best MADM framework is an elusive goal that may never be reached (Triantaphyllou,
2000).

The EFQM model is a method used to evaluate organizations or BUs. The EFQM
excellence model is a practical MCDM tool for self-assessment, a way to benchmark
with other organizations, a guide to identify areas for improvement, or a structure for
the organization’s management system (Michalska, 2008). The EFQM excellence model
is a practical benchmarking tool to help organizations measure where they are on the
path to excellence, help them understand the gaps, and then stimulate the best possible
solutions (Karkoszka and Szewieczek, 2007; Michalska, 2008; Nazemi, 2010;
Santos-Vijande and Alvarez-Gonzalez, 2007).

The EFQM model has been widely used in health care throughout the world.
Moeller et al. (2000) used the EFQM excellence model to address the increasing
expenditure within health care and the increasing taxes and budget spending in
Germany. Nabitz et al. (2000) showed the use of the EFQM excellence model as an
auditing instrument on all levels of a health care organization in The Netherlands. Vogt
(2001) showed how the EFQM model is used in German hospital laboratories to realize
continuous improvement of service quality and at the same time reduce costs. Persaud
(2002) discussed the application of the EFQM model for continuous quality
improvement within the health care industry in the UK. Sanchez et al (2005)
described the implementation of the EFQM excellence model as a common framework
for quality management in a regional health care service in Northern Spain. Vallejo et al.
(2006) brought the EFQM fundamental concepts of excellence closer to health care by
using a specific model for performance assessment developed for the World Health
Organization Regional Office for Europe. Other authors have studied the application of
the EFQM excellence model in health care for achieving clinical governance, quality
improvement, benchmarking, and performance assessment (Jackson, 2000; Jackson and
Bircher, 2002; Moeller and Sonntag, 2001; Stewart, 2003).

The model’s framework is based on nine criteria as follow:

(1) leadership;
2

—_

people;
policy and strategy;
partnerships and resources;

GRCECS

Processes,
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=

people;



(7) customer;
(8) society; and
(9) key performance.

The first five criteria are “enablers” and the remaining four are “results”. The
“enablers” criteria cover what an organization does. The “results” criteria cover what
an organization achieves. As shown in Figure 1, results are caused by enablers.

The criterion weights of the enablers and the results in the EFQM excellence model
have always been an important part of the model. This is true with most of the other
award models (Porter and Tanner, 1998). This importance stems from the fact that the
award models are generally used to compare an organization with other organizations
or to rate an organization against a commonly adopted benchmark (Lascelles and
Peacock, 1996; Conti, 1997). Several researchers have studied criteria weights in the
EFQM excellence model (Bemowski and Stratton, 1995; Coulambidou and Dale, 1995;
Dahlgaard et al, 1998; Dale and Ritchie, 2000; Donnelly, 2000; Eskildsen et al,
2004, 2003, 1999; Juhl et al, 2002; Malorny, 1996; Olson, 1996; Teo and Dale, 1997;
Van der Wiele et al., 1996).

The Rembrandt method (Lopez and Monzon, 2010; Van den Honert and Lootsma,
2000; Lootsma, 1992, 1996; Olson et al., 1995) is applied to calculate the weights of the
enablers and results in sub-criteria in the EFQM excellence model. The Rembrandt
method has been designed to address three criticized features of the analytic hierarchy
process (AHP) (Saaty, 2000) including:

(1) different ratio input scales;
(2) alternative calculation of impact scores; and
(3) a different aggregation procedure.

The Rembrandt method is one of the best known attempts to retain the strengths of
AHP while avoiding some of its objections (Lopez and Monzon, 2010).

The Rembrandt weights are calibrated according to the entropy concept proposed by
Zeleny (1982). The essential idea is that the overall importance of a criterion is a
direct function of its subjective weights provided by the Rembrandt method

Enablers Results
[ 20 6.0
Policy and Customer
. strategy results
1 } 9.0
10 . 30 5.0 7.0 Key
Leadership = people processes —/ People performance
. results results
4.0 ! 8.0
Partnerships | Society
and resources results
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and the information conveyed by the criteria relative to the entire set of BUs. This means
that the greater the dispersion in the performance score, the more important the criteria.
Each criterion is an information source; therefore, the more information an EFQM
enabler or result reveals, the more relevant it is. In other words, the most important
criteria are those that have the greatest discriminating power between the BUs.

According to the entropy concept, a set of intrinsic weights associated with the
enablers and results sub-criteria are determined without the direct involvement of the
DMs. However, this is a complete contradiction to the notion that weights should
represent the relative importance the DMs attach to the enablers and results
sub-criteria. Therefore, the subjective weights representing the judgments of the DMs
obtained by the Rembrandt method are multiplied by the values of weights (intrinsic
weights) obtained by the entropy method. The final result, once normalized, will be
used to find the overall enablers and results scores associated with the BUs under
evaluation.

Pardalos and Hearn (2002) discuss the importance of exploring ways of combining
criteria aggregation methodologies to enable the development of models that consider
the DM’s preferential system in complex problems. Belton and Stewart (2002) also
argue the need for integrating frameworks in MCDM. A weighted-sum method is used
to aggregate the results from the Rembrandt method and the entropy concept. This
aggregation allows for the objective data and subjective judgments to be collected and
used side-by-side in a weighted-sum model (Triantaphyllou, 2000).

3. The proposed framework

The proposed framework is comprised of five distinct phases: the EFQM phase,
the Rembrandt phase, the entropy phase, the weighted-sum phase, and the theory of the
displaced ideal phase.

3.1 The EFQM phase

Initially, the relevant factors to be used in the proposed benchmarking framework are
identified according to the EFQM excellence model. These factors are essentially the
sub-criteria for:

+ the leadership, people, policy and strategy, partnerships and resources,
and processes enablers; and

 the people, customer, society, and key performance results.

3.2 The Rembrandt phase

The Rembrandt method proposed by Van den Honert and Lootsma (2000) is used to
ascertain the relative importance of the enabler and result criteria and their respective
sub-criteria in the EFQM excellence model. Let us formulate the model by considering a
group of g DMs (g = 1) which are charged with evaluating m criteria (m = 1).
Assuming that criteria C;,7 = 1, ..., m, has an unknown subjective value V;, and that
V; is the same for all DMs in the group, the Rembrandt method is used to estimate the
m — vector of V; values from the DMs’ verbal subjective judgments. Each DM 1is
mnstructed to record his/her graded comparative judgment on pairs of criteria, C; and C;,
in the decision matrix D,x,. The process requires between (m — 1) and
m(m — 1)/2 pairwise comparisons for a set of m criteria under evaluation. That is,
each DM records his/her indifference between the two criteria as a weak, definite, strong,



or very strong preference for one criteria over the other. Incomplete pairwise
comparisons are handled using a general procedure proposed by Lootsma
(1997, pp. 114-17). The subjective criteria weights are normalized because of the ratio
information so that >, V; = 1.

The DM d’s pairwise comparison judgments are captured on a category scale to
limit the range of verbal responses. Each verbal response is converted into an
integer-valued gradation index 8;; using the scale presented in Table L

The gradation index &y is then converted into a value on a geometric scale,
characterized by a scale parameter y. Thus, 74, the numeric estimate of the preference
ratio V;/V; given by DM d is defined as:

i = exp(ydua); Jl=1,....m; d=1....¢g 1)

Given that there is no unique scale for human judgment, a plausible value of y for the
group is In +/2 implying a geometric scale with progression factor /2 (Lootsma, 1993).
Then V is approximated by the normalized vector of v of group weights which
minimizes:

g
ZZ(]I’I g — Invj + Inw)y?;, 1[=2,...,m. 2)
J<l d=1

Assume that all DMs offer a complete set of pariwise comparisons. Now, let pj; =

In7j; = y8yy and w; = Inv;. Then the vector v is found by minimizing equation (3)
as a fuction of wj(j =1, ..., m):

g
0=>"> (pu—wj+wl); 1=2,...m 3)
J<l d=1
The set dependence of normal questions are found from:

00 £ .
—_=ZZ(pjld—wj+w1)=0; j=1...om; [=2 ...,m. 4)
dn J<l d=1

Since pjz = pjg and pjjg = 0 for any j, equation (4) may be written as:
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Comparative judgment Gradation index 6y
Very strong preference for C;, over C; -8
Strong preference for C, over C; -6
Definite preference for C;, over C; —4
Weak preference for C;, over C; -2
Indifference between C; and Cy, 0
Weak preference for C; and Cp, +2
Definite preference for C; and Cy, +4
Strong preference for C; and C;, +6

Very strong preference for C; and Cp, +8

Table 1.
The Rembrandt
category scale
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There is no unique solution to this set of normal equations and the sum of the variables
(O _wy) is set equal to zero for a particular solution and we reduce equation (5) to the
following unnormalized solution:

m

:é% ZZSJM’ ]: ,...,Wl. (6)

=1 d=1
Therefore:
= exp(w)) = exp <— — yZ Z %) (7)
=1 d=1

and:

M. )

where equation (8) implies that the criteria weights of v; are calculated by a sequence of
geometric means.

The result of v; in equation (8) are multiplied with the degree of freedom to
determine the normalized solution vector v. In addition, since v; = f(exp(y8y4)), the
normalized criteria weights will depended on the scale parameter 7y, without changing
the rank ordering of v;.

3.3 The entropy phase
The entropy method is used to determine the importance weights associated with the
EFQM sub-criteria without the direct involvement of the DMs in terms of the
performance score of the EFQM enablers or results of the BUs. Zeleny (1982) shows
that this intrinsic information must be used in parallel with the subjective weights
(Rembrandt weights) assigned to various enabler and result criteria and sub-criteria.
In other words, the overall importance weight of an enabler or result criterion (7))
is directly related to the intrinsic weight of that enabler or result criterion (7;) and the
Rembrandt weight of the enabler and result criteria. The more different
the performance scores of an enabler or result criteria are with respect to a set of
BUs, the larger is the contrast intensity of the criteria, and the greater is the amount
of information transmitted by that criteria.

Assuming that the vector 5= (p L pj’ij) characterizes the performance of the
qth BU according to the fth criterion and the jth sub-criterion, the entropy measure
for a given fj and ¢ is:

P b
e(pfp——KZ pzl pf; )

where ps=>1_ 11) , Jj=1,...,m; f=1,...,h and K)0, In is the natural
logarithm, 0 < pq < 1, and e( pf]) = 0. When all pf are equal for a given fj and ¢,



then p /pf] 1/r, and e(py) assumes its maximum value, which is en.x = In7. By
settmg K =1/emax, 0 =e(ps) =1 is achieved for all ps’s. This normalization is
necessary for meaningful comparisons. In addition, the total entropy is defined as:

m

h
E=Y " epp (10)

/=1 j=1

The smaller e(py) is, the more information the fth criterion and the jth sub-criterion
transmits and the larger e(p;) is, the less information it transmits. When
e(Pf) = emax = In7, the fth criterion and the jth sub-criterion transmits no useful
information. Next, the intrinsic weight is calculated as:

. 1
Vg = m—F [1 —e(py)] €8Y)

where m 1s the total number of sub-criteria.

Because 7 b5 1s inversely related to e(ps), 1 — e(py) is used instead and normalized to
ensure 0 =05 =1 and Zf_lz]”i 95 = 1. The higher e(pj), the less information
content is provided by the fth criterion and the jth sub-criterion. When the information
content of the fth criterion and the jth sub-criterion is low, the corresponding intrinsic
weight (95) should be low. Thus, the intrinsic weight is assumed to be inversely related
to the entropy. Therefore, 1 — e(py) is used in the definition of the intrinsic weight.

The more different the p% scores are, the larger 9 is and the more important the
fth criterion and the jth sub-criterion are. When all the scores, pq are equal for the fth
criterion and the jth sub-criterion, then, 5 = 0 for that crlterlon However, this is not
true if the scores p% are equal for all the fth criterion and the jth sub-criterion. In that
case, the weights are assumed to be equal or 95 = 1/m where m is the number of
sub-criteria. Entropy multiplies the intrinsic weight (95) by the subjective (Rembrandt)
weight (v5) and normalizes the product to calculate the overall importance weight of
the jth criterion (74):

V505
= h 2 mﬁ A (12)
> :12;‘:1”/7*”/’]’

There are two other methods for calculating the intrinsic weights of the threats and the
responses. Diakoulaki ef al. (2000) proposes a method based on the correlation between
the columns of the decision matrix. The other method measures the importance of each
threat or response as a member of a coalition by means of the Shapley value (Grabisch
and Roubens, 1999). The entropy method as suggested by Zeleny (1982, Chapter 7) is
used as it is readily available in MCDM, provides consistent results, and easily is
accepted by DMs (Pomero and Barba-Romero, 2000, Chapter 4).

7

3.4 The weighted-sum phase

Weighted-sum models are used to combine the weights of the EFQM criteria (wy) with
the overall weights of the EFQM sub-criteria (v5) and the performance scores of the kth
BU for the fth criterion and the sth sub- crlterlon (pk) The first model is used to find an
overall “enablers score” for each BU (S ) and the second model is used to find an
overall “results score” for each BU (Sk)

EFQM-
Rembrandt
excellence model
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Triantaphyllou (2000) has discussed the mathematical properties of weighted-sum
MADM models. Many weighted-sum models have been developed to help DMs deal
with the strategy evaluation process (Gouveia et al, 2008; Leyva-Lopez and
Fernandez-Gonzalez, 2003). Triantaphyllou and Baig (2005) have examined the use of
four important weighted-sum MADM methods when advantages and disadvantages,
corresponding to opportunities and threats, are used as conflicting criteria. They
compared the simple weighted-sum model, the weighted-product model, and the AHP
along with some of its variants, including the multiplicative AHP. Their extensive
empirical analysis revealed some ranking inconsistencies among the four methods,
especially, when the number of alternatives was high. Although they were not able to
show which method results in the appropriate classification, they did prove
multiplicative AHP is immune to ranking inconsistencies.

3.5 The theory of displaced ideal phase

The weighted-sum scores in this model are used to compare potential BUs among
themselves and with the ideal BU. The concept of ideal state, an unattainable idea,
serving as a norm or rationale facilitating human choice problem is not new
(Tavana, 2002). The seminal work of Schelling (1960) introduced the concept.
Subsequently, Festinger (1964) showed that an external, generally non-accessible
choice assumes the important role of a point of reference against which choices are
measured. Zeleny (1974, 1982) demonstrated how the highest achievable scores on all
currently considered decision criteria form this composite ideal choice. As all choices
are compared, those closer to the ideal are preferred to those farther away. Zeleny (1982)
shows that the Euclidean measure can be used as a proxy measure of distance.

Anideal BU is the one with the highest possible enablers score (S = 1) and highest
possible results score (S = 1). In this phase, the Euclidean dlstance of each BU from
the ideal BU (DF) is estimated. The Euclidean distance is the sum of the quadratic root
of squared differences between the ideal BU and the kth BU. BUs with smaller D* are
closer to the ideal BU and are preferred to BUs with larger D* which are further away
from the ideal BU.

The BUs were then graphed and the x-axis represents the enablers scores and the
y-axis represents the results scores. The position of the point corresponding to the kth
BU has Cartesian coordinates (S* o Sk ») on the graph. The average enablers score (S_ )
and the average results score (S’e ) divide this graph into quadrants (competency,
incapability, capability, and incompetency) as shown in Figure 2:

« The efficacious zone. This quadrant includes optimal BUs with above average
enablers and results scores.

* The productive ineffectual zone. This quadrant includes BUs with above average
results scores and below average enablers scores. These BUs produce results
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in spite of their incapability. In most circumstances, improving capabilities may
improve results.

* The proficient unproductive zone. This quadrant includes inefficient BUs with
above average enablers score and below average results scores. These BUs are
capable but cannot produce results. The BUs in this quadrant should redirect
their capabilities to produce satisfactory results.

« The inefficacious zone. This quadrant includes BUs with below average scores
with respect to the enablers and results scores. These BUs should not be
considered.

The results of the model can be used to create a variety of benchmarking systems. In the
macro-approach, the overall ideal BU can be considered as a benchmark with a score of
1.000 on both components (i.e. the enablers and the results component). Each BU is then
benchmarked against this ideal BU using the Euclidean distance. Another potential
model in the macro-approach is to benchmark each BU against the ideal for each
component separately. For example, hospital B could have a results score of 1.000 (which
implies a perfect benchmark value for this component), but a low enablers score of 0.439.

In the micro-approach, a hypothetical BU could be used as a benchmark which
is comprised of the highest attained score by the BUs on each of the criteria.

EFQM-
Rembrandt
excellence model
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Figure 2.
The benchmarking model
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This 1s similar to benchmarking against the ideal of 1.000, but it does represent a
different benchmarking approach. In a similar approach, a benchmarking system can
be used with just the enablers or the results criteria. For example, a hypothetical BU
could be used as a benchmark comprised of the highest score that is attained by each of
the BUs on each of the enablers criteria. Finally, a benchmarking system could be
implemented where each of the criteria is used separately as a benchmark against the
BU with the highest score on a particular criterion.

Once the model is developed, sensitivity analyses could be performed to determine the
impact on the ranking of the BUs for changes in various model assumptions. Some
sensitivity analyses that are usually of interest are on the weights and scores. The weights
representing the relative importance of the criteria and sub-criteria are occasionally a
point for discussion among the various DMs. In addition, scores which reflect the degree
of performance of an uncertain criterion are sometimes a matter of contention.

4. An application of the methods in benchmarking

The results of a pilot benchmarking study conducted for the Office of Inspector General
(OIG) — East Virginia Department of Health and Human Services[1] as given below.
A total of 15 hospitals were selected by OIG to participate in this pilot study.
All hospitals were not-for-profit with an average age of 16.2 years. The hospitals had an
average bed capacity of 346 and an average occupancy rate of 74 percent. The hospital
utilization rates for the state of East Virginia are generally lower than the US average.
The average number of acute hospital days per 1,000 people for these 15 hospitals in
2009 was 497.2 while the admissions per 1,000 were 95.6. The OIG assigned five
seasoned inspectors, referred to as DM, to collect and synthesize all the necessary data
and judgments. The DMs agreed to use the EFQM excellence model with five enablers,
four results, and 41 sub-criteria presented in Table II to measure the strengths and
areas for improvement of each hospital across all of their activities.

The five DMs started the process by evaluating the relative importance of the
“enablers” and the “results” in the EFQM excellence model. Two pairwise comparison
matrices were constructed by each DM to evaluate the importance of leadership, policy
and strategy, people, partnerships and resources, and process enablers; and similarly,
the importance of the consumer, the employee, society, and key performance results.
Two sets of comparison matrices (one set of five enablers and one set of five results
comparison matrices) were collected and synthesized for the group. The geometric
mean was used to calculate the average scores presented in Tables III and IV.

As shown in these tables, the group generally felt that the five enablers and the four
results were equally important.

Next, the DMs were asked to repeat the pairwise comparison process for the five
leadership enabler sub-criteria, four policy and strategy enabler sub-criteria, five
people enabler sub-criteria, five partnerships and resources enabler sub-criteria, and
five process enabler sub-criteria. The judgments from the five DMs were combined and
synthesized with the geometric means presented in Table V.

The DMs then repeated the pairwise comparison process for the four customer
results sub-criteria, three people results sub-criteria, two society results sub-criteria,
and the eight key performance results sub-criteria. The judgments from the five DMs
were similarly combined and synthesized with the geometric means presented in
Table VL



Criteria and
sub-criteria

EFQM-
Criteria and sub-criteria descriptions Rembrandt

1.0
la

1b

lc
1d
le
2.0
2.a

2b

2.c
2.d
3.0
3a
3b
3.c
3d
3e
4.0
4a
4b
4.c
4d
de
5.0
5a
5b

5.c

5.d
5.e
6.0
6.a
6.b
6.c
6.d
7.0
7.a
7b
7.c
8.0
8a
8b

Leadership enablers excellence model

Leaders develop the mission, vision and values and are role models of a culture of

excellence

Leaders are personally involved in ensuring the organization’s management system 655
is developed, implemented and continuously improved

Leaders are involved with customers, partners and representatives of society
Leaders motivate, support and recognize the organization’s people

Leaders provide guidance on tasks and check progress

Policy and strategy enablers

Policy and strategy are based on the present and future needs and expectations of
stakeholders

Policy and strategy are based on information from performance measurement,
research, learning and creativity related activities

Policy and strategy are developed, reviewed, updated and deployed through a
framework of key processes

Policy and strategy are communicated and implemented

People enablers

People resources are planned, managed and improved

People’s knowledge and competencies are identified, developed and sustained
People are involved and empowered

People and the organization have a dialogue

People are rewarded, recognized and cared for

Partnerships and resources enablers

External partnerships are managed

Finances are managed

Buildings, equipment and materials are managed

Technology is managed

Information and knowledge are managed

Processes enablers

Processes are systematically designed and managed

Processes are improved, as needed, using innovation in order to fully satisfy and
generate increasing value for customers and other stakeholders

Products and services are designed and developed based on customer needs and
expectations

Products and services are produced, delivered and serviced

Customer relationships are managed and enhanced

Customer results

Increased satisfaction

Increased loyalty

Improved quality

Reduced complaints

People results

Increased engagement

Training delivery

Increased productivity

Society results Table II.
Reduced waste The EFQM excellence
Reduced energy model criteria and

(continued) sub-criteria
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18,5 sub-criteria Criteria and sub-criteria descriptions

9.0 Key performance results

9.a Reduced turnover

9.b Increased profit
656 9.c Improved cost savings

9.d Improved productivity

9e Improved quality

9.f Improved efficiency

9.¢ Improved availability of knowledge and information
Table IL 9.h Reduced errors/defects

Policy and Partnerships

Enablers Leadership strategy =~ People and resources Processes ... ;

Leadership 1 2.07 1.742 1414 1425 ... 0213
Table III. Policy and strategy 0.482 1 1.867 1.742 157 ... 0.208
The enablers criteria People 0.573 0.535 1 2.07 1 ... 0197
pairwise comparison Partnerships and resources 0.706 0.573 0.482 1 1.89 ... 0193
matrix and weights Processes 0.615 0.636 0.84 1 1 ... 0189

Customer Employee Society Key performance

Results results results results results e Y

Customer results 1 1.07 1.231 1 ... 0.254
TableIV. People results 0.932 1 1 1.189 ... 0.250
The results criteria Society results 0.812 1 1 1.275 ... 0251
pairwise comparison Key performance
matrix and weights results 1 0.84 0.784 1 ... 0.245

Next, the DMs met collectively to discuss the appropriate metrics for evaluating the
performance of the 15 hospitals on the basis of the 41 enablers and results sub-criteria
presented in Table II. Some criteria required objective data while others required
subjective judgments. For example, sub-criterion 9.b (increased profit) was measured
by retrieving the profit figures from the forms 501(c)3 that hospitals and other
non-profit organizations file with the Internal Revenue Service. Other sub-criteria such
as sub-criterion 1.1 (leaders develop the mission, vision and values and are role models
of a culture of excellence) were more subjective and a ten-point Likert scale (range 1-10)
was used by each DM to subjectively assess the overall performance of this criterion in
each hospital. The objective data were normalized to arrive at a 0-1 performance score
of each criterion at each hospital. All subjective performance scores provided by the
five DMs were averaged and then normalized to arrive at a 0-1 performance score
similar to the objective data. The normalized performance score of each criterion at
each hospital for all DMs (0 = p}’% = 1) are presented in Table VIL



EFQM-

The leadership sub-criteria
la 1b le 1d Le . Rembrandt
la 1 1.274 1.867 1 1414 . 0 208 excellence model
1b 0.784 1 2.380 1.035 1.933 ...
lc 0.535 0.420 1 1.071 1.570 e 0 194
1.d 1 0.965 0.932 1 2.145 ... 0.205
Le 0.706 0517 0.637 0.466 1 . 0.181 657
The policy and strategy sub-criteria
2a 2b 2.c 2d s v;
2.a 1 1.366 1 1 ... 0.254
2b 0.731 1 1.803 1.274 ... 0.260
2.c 1 0.554 1 1 ... 0.241
2.d 1 0.784 1 1 ... 0.245
The people sub-criteria
3a 3b 3c 3d 3e . vj
3a 1 2.380 1.319 1.365 1.275 . 0.214
3b 0.420 1 1.190 1.933 1 ... 0.202
3.c 0.757 0.840 1 1.035 1.109 .. 0.196
3d 0.731 0.517 0.965 1 1.189 ... 0.193
3e 0.784 1 0.901 0.840 1 ... 0.195
The partnerships and resources sub-criteria
4a 4b 4c 4d 4e . vj
4a 1 1.742 1.803 1.933 1.319 ... 0.213
4b 0.573 1 1.319 3.61 1.803 ... 0.217
4c 0.544 0.757 1 1.682 1.274 . 0.198
4.d 0.517 0.276 0.594 1 0.784 ... 0.179
de 0.757 0.554 0.784 1.274 1 . 0.193
The processes sub-criteria
5a 5b 5.c 5d 5.e . vj
5.a 1 1 3.142 1.189 1 . 0.212
5b 1 1 2.642 1.890 1.071 ... 0.213 Table V.
5.c 0.318 0.378 1 1.071 1.071 ... 0.186 The pairwise comparison
5.d 0.840 0.84 0.932 1 0.784 .. 0.191 matrices and weights for
5.e 1 0.932 0.932 1.275 1 ... 0.198 the enablers criteria

The Rembrandt method described in Section 3.1 is then used to calculate the enablers
and results criteria weights (wy) and the sub-criteria weights (v4;) presented in
Table VIII from the pairwise criterion matrices given in Tables III-VL.

The intrinsic weights (D) associated with the 41 enablers and results sub-criteria are
calculated using the entropy process described in Section 3.2. The sub-criteria overall
weights (75) presented in Tables VIII were calculated by multiplying the sub-criteria
importance weights by their intrinsic weights and normalizing the product.

The weighted-sum approach described in Section 3.3 was used to combine
the weights of the EFQM criteria (wy) with the overall weights of the EFQM sub-criteria
(745) and the performance scores of the kth hospital for the fth criterion and the jth
sub-criterion (pj’ij) One weighted-sum score represented the overall “enablers score”
for each hospltal (S ) and the second one represented the overall “results score” for each
hospltal (S ). An ideal hospital is the one w1th the highest possible enablers score
(S = 1) and highest possible results score (S = 1). The Euclidean distance of each
hospital from the ideal hospital (D¥) was ascertained. Hospitals with smaller D* were
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Table VI.

The pairwise comparison
matrices and weights for
the results criteria

The customer results sub-criteria
6.a 6.b 6.c 6.d . v;

N 7

6.a 1 1.189 1.274 1.035 ... 0.279
6.b 0.840 1 1.109 1.23 ... 0.258
6.c 0.784 0.901 1 1.109 .. 0.334
6.d 0.966 0.813 0.901 1 ... 0.229
The people results sub-criteria

7a 7b 7.c . v
7.a 1 1.319 1.189 s 0.385
7b 0.758 1 1.109 ... 0.313
7.c 0.841 0.901 1 . 0.302
The society resulls sub-criteria

8a 8b . vj
8a 1 3.368 ... 0.771
8b 0.296 1 .. 0.229
The key performance results sub-criteria

9a 9b 9.c 9.d 9e 9f 9.g 9h vj
9.a 1 1.800 0.932 2.465 1.319 1.803 2.55 0.615 . 0.172
9.b 0.550 1 1.070 1.109 1.230 1.570 1.930 1.189 ... 0.139
9.c 1.072 0.934 1 1.274 1.319 1.625 2.070 1.035 ... 0.153
9.d 0.405 0.901 0.784 1 1.100 1.231 1.100 1.274 . 0.113
9e 0.758 0.830 0.758 0.909 1 1.274 1.189 1.109 ... 0.117
9.f 0.544 0.636 0.615 0.812 0.784 1 1.516 1.148 . 0.103
9.¢ 0.392 0.518 0.483 0.909 0.841 0.659 1 0.840 ... 0.082
9.h 1.626 0.841 0.966 0.784 0.901 0.871 1.190 1 0.122

closer to the ideal hospital and were preferred to hospitals with larger D* which were
further away from the ideal hospital.

The hospitals were plotted on a graph where the x-axis represented the enablers
scores and y-axis represented the results scores. The position of the point
corresponding to the kth hospital has Cartesian coordinates (Sf , Sf) on the graph.
The average enablers score (S'f = 0.427) and the average results score (Sf = 0.597)
divided this graph into four quadrants as shown in Figure 3.

The competency zone included hospitals B, H, and K the productive ineffectual zone
included hospitals C, G, I, ], and O; the proficient unproductive zone included hospitals
D, L, M, and N; and the inefficacious zone included hospitals A, E, and F. Hospitals B,
H, and K in the efficacious zone had above average scores with respect to both the
enablers and the results scores. These hospitals were considered as “excellent
hospitals” by the East Virginia Department of Health and Human Services.

Finally, a rank order of the 15 hospitals according to their Euclidean distance from
the ideal hospital is shown in Figure 3. The ideal hospital is a hypothetical hospital
with an overall enablers score of 1.0 and an overall results score of 1.0. Hospitals with a
smaller Euclidean distance are closer to the ideal hospital and are preferred to those
with larger Euclidean distances.

We also carried out extensive sensitivity analysis on the most important aspects of
the model. The Rembrandt method has been used infrequently in the literature so we
decided to investigate some of the sensitivity issues pertaining to this model.
The results of the sensitivity analysis showed that the Rembrandt method is quite



Hospital scores (p ﬁ)

Sub-criteria A B C D E F G H I ] K L M N

la 081 0.33 046 0.16 037 024 049 071 0.65 0.21 042 062 031 0.23 0.31
1b 040 082 015 031 014 039 013 050 057 051 012 048 054 025 0.17
lc 032 048 041 0.17 0.20 014 033 031 031 0.05 026 016 042 0.36 0.19
1d 013 0.16 0.23 0.09 010 0.06 011 021 0.39 037 019 015 023 0.13 0.18
le 0.15 053 028 029 066 033 045 068 065 034 048 041 032 0.39 0.46
2a 026 026 025 0.02 032 014 035 019 0.27 019 053 062 048 021 0.22
2b 015 015 0.16 0.25 018 045 050 041 0.9 0.23 034 014 017 0.19 0.14
2.c 021 030 0.17 0.20 036 0.02 018 055 0.13 0.24 044 042 033 024 0.18
2d 0.67 044 051 016 037 029 027 053 069 072 080 081 063 0.86 0.25
3a 016 011 018 0.24 0.09 029 012 0.14 0.03 012 0.76 016 024 0.09 0.11
3b 012 011 024 014 015 018 011 0.10 0.23 010 013 0.08 021 0.13 0.24
3.c 020 010 0.05 0.07 034 015 045 008 0.09 032 015 043 017 0.13 0.15
3.d 025 009 0.13 0.20 0.06 010 044 024 0.17 022 022 025 037 021 0.12
e 039 026 027 039 016 065 041 044 058 052 038 048 0.37 0.60 0.53
4a 034 034 059 063 032 035 027 094 0.16 0.20 059 053 0.73 0.80 0.36
4b 063 076 035 066 0.71 0.18 0.73 061 042 085 037 019 0.87 0.71 0.36
4.c 047 033 024 056 0.21 018 023 038 0.15 0.28 059 022 057 027 041
4d 021 023 024 059 051 019 020 018 0.18 017 025 0.78 0.14 0.28 0.39
4e 019 016 0.14 046 0.06 032 017 033 0.03 018 0.23 013 011 024 044
5a 015 031 029 042 0.69 024 026 043 041 034 084 014 076 0.75 0.17
5b 011 025 0.10 038 019 015 021 018 0.17 012 015 039 020 033 0.27
5.c 010 0.38 0.15 041 053 018 041 041 024 024 0.70 016 0.82 0.44 0.86
5.d 042 045 0.19 0.71 048 017 020 0.13 0.35 048 015 017 0.30 0.35 0.20
5.e 019 031 029 0.89 038 0.76 019 029 0.18 0.05 0.22 033 013 040 0.32
6.a 022 062 031 034 019 022 043 057 045 051 036 018 015 0.17 0.65
6.b 052 057 085 016 042 034 065 032 032 063 0.65 017 016 0.12 0.61
6.c 066 074 086 0.26 0.29 019 024 028 0.9 0.76 0.79 011 029 0.15 0.93
6.d 076 049 098 045 0.79 069 086 0.75 082 043 0.78 0.78 041 057 0.69
7.a 041 084 0.81 0.4 0.03 0.04 065 030 0.76 090 0.80 017 021 024 0.73
7b 0.30 0.67 058 013 0.05 0.04 098 0.89 089 063 083 0.73 0.16 0.66 0.78
7.c 024 055 035 0.29 019 013 086 0.39 0.39 093 080 043 011 0.23 0.17
8a 027 031 033 054 0.28 016 026 053 0.24 020 012 038 025 0.63 0.53
8b 019 043 033 0.15 0.65 012 047 0.74 042 018 034 041 024 0.85 0.20
9a 0.73 067 0.78 048 0.74 056 0.86 047 0.34 064 0.77 027 020 0.12 049
9b 064 048 057 049 0.67 039 054 067 0.78 066 0.76 056 049 0.37 0.27
9.c 024 036 043 039 0.27 057 068 024 033 018 034 022 012 0.19 0.28
9.d 058 045 068 032 0.71 0.78 059 067 058 056 0.76 0.27 041 0.16 0.17
9e 054 032 030 054 0.68 041 037 025 0.15 013 0.74 087 057 0.13 0.13
9.f 045 056 019 045 065 0.73 0.85 062 1.00 067 027 080 0.71 0.12 027
9.g 025 034 055 0.85 053 0.76 090 058 0.37 0.72 0.68 011 0.66 093 048
9.h 041 067 041 0.28 0.56 055 062 067 0.81 049 013 0.08 0.76 0.53 0.20
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Table VII.

The EFQM excellence
model normalized
performance scores

robust, similar to the results obtained from the general AHP. The criteria weights (wy),
as shown in Table VIII, were computed based on the pairwise comparisons in the
Rembrandt method. A 10-50 percent increase (or decrease) in each pairwise comparison
resulted in a very small change in the final criteria weights (less than 4.5 percent).
A similar sensitivity analysis was applied to the calculation of the sub-criteria weights
for the first criterion. Similarly, a fairly large increase or decrease in one of the pairwise
comparisons resulted in a relatively small change in the final sub-criteria weights.
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Table VIII.
The EFQM excellence
model weights

Criteria Sub-  Sub-criteria importance Sub-criteria intrinsic  Sub-criteria overall
Criteria  weight (w,) criteria weight (vg) weight (95) weight (5)
1.0 0.213 la 0.208 0.190 0.195
1b 0.212 0.289 0.302
lc 0.194 0.188 0.180
1d 0.205 0.216 0.218
le 0.181 0.117 0.105
2.0 0.208 2.a 0.254 0.320 0.307
2b 0.260 0.225 0.228
2.c 0.241 0.230 0.273
2.d 0.245 0.226 0.192
30 0.197 3a 0.214 0411 0.414
3b 0.202 0.080 0.082
3c 0.196 0.280 0.278
3d 0.193 0.159 0.156
3e 0.195 0.070 0.070
4.0 0.193 4a 0.213 0.179 0.193
4b 0.217 0.146 0.160
4.c 0.198 0.149 0.149
4.d 0.179 0.247 0.224
4e 0.193 0.280 0.274
5.0 0.189 ba 0.212 0.209 0.223
5b 0.213 0.118 0.126
5.c 0.186 0.230 0.216
5d 0.191 0.174 0.167
5.e 0.198 0.270 0.269
6.0 0.254 6.a 0.279 0.225 0.214
6.b 0.258 0.283 0.249
6.c 0.334 0.427 0.487
6.d 0.229 0.065 0.051
7.0 0.250 7a 0.385 0.389 0.443
7b 0.313 0.318 0.295
7.c 0.302 0.293 0.262
8.0 0.251 8a 0.771 0.393 0.685
8b 0.229 0.607 0.315
9.0 0.245 9.a 0.172 0.120 0.168
9.b 0.139 0.042 0.048
9.c 0.153 0.116 0.144
9.d 0.113 0.108 0.099
9e 0.117 0.207 0.197
9f 0.103 0.140 0.117
9.g 0.082 0.115 0.076
9h 0.122 0.152 0.151

In addition, similar sensitivity analysis was carried out to show the effect of the
changes in sub-criteria weights on the final result. Each of the sub-criteria for the first
criterion was increased (or decreased) by 10-50 percent and the other sub-criteria
weights were adjusted accordingly. The final result produced no significant effect
on the final scores and no change in the overall ranking of the alternatives based on the
Euclidean distance (Table IX).
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Although we cannot make any generalizations based on the numerical results from one
application, our results seem to conform to the previous results obtained in the
literature which shows that the pairwise comparison approach in AHP generally
results in robust weights.

Some form of validation of the results would be useful from a research perspective.
After obtaining the final rankings, we assembled a group of five different inspectors not
involved in the implementation of the model. Each of them was familiar with the
hospitals and had some opinions based upon their experience and familiarity with the
hospitals’ operations. After reviewing the results from the pilot study, they felt that
the overall results were consistent with the results that they would have obtained using
their experience and intuition. However, they also admitted that the structured approach
proposed in this study was preferable to the methods that they have used in the past.

5. Conclusions and future research directions

The benchmarking framework presented in this study has some obvious attractive
features. First, the generic nature of the framework allows for the subjective and objective
evaluation of a finite number of BUs by a group of DMSs. Second, the information
requirements of the framework are stratified hierarchically allowing DMs to focus on a
small area of the large problem. Third, the framework does not dispel subjectivity;
it calibrates the subjective weights with the objective weights determined through
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Figure 3.
The results of the
benchmarking model
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Table IX.

The EFQM excellence
model overall scores
and rankings

Hospital ~Enablers score (Sf) Results score (S¥) Category Euclidean distance (D*) Ranking

A 0.262 0477 Inefficacious 0.55 1
B 0.439 1.000 Efficacious 0.85 7
C 0.000 0.972 Productive ineffectual 0.95 11
D 0.562 0.225 Proficient unproductive 0.78 5
E 0.372 0.296 Inefficacious 0.64 2
F 0.073 0.000 Inefficacious 0.75 3
G 0.259 0.990 Productive ineffectual 0.87 8
H 0.736 0.779 Efficacious 112 15
1 0.215 0.653 Productive ineffectual 1.03 14
] 0.238 0.935 Productive ineffectual 097 13
K 1.000 0.996 Efficacious 0.77 4
L 0.671 0.289 Proficient unproductive 091 9
M 0.866 0.060 Proficient unproductive 0.95 10
N 0.534 0.391 Proficient unproductive 0.96 12
(0} 0.177 0.898 Productive ineffectual 0.81 6
Mean 0.427 0.597

Ideal point 1.000 1.000

the entropy concept. As Russo and Schoemaker (1989) note, considerable research
indicates that DMs can maximize their chances of making the best choice(s) if they find a
systematic way to evaluate all the evidence favorable or unfavorable to each choice, such
as the weighted-sum model described here. Still, in most applied settings, it is not possible
to demonstrate the accuracy of the weighted-sum models. In contrast, where the same
decision is made repeatedly, data on the outcomes of past decisions are available, and one
expects the future to resemble the past. In this setting, objective linear models such as
multiple regression can be used to determine the optimal set of predictors. For many
decisions, including the one described here, there are no objective outcomes of past
decisions. In such situations, rigorous subjective weighted-sum models such as the
benchmarking framework proposed here are likely to provide the best hope for
optimizing the quality of decisions and the acceptability of those decisions to
organizational stakeholders and public.

The overall enablers and results scores in our framework depend heavily on the
subjective judgments and ratings provided by the DMs. Therefore, it is imperative that
these judgments and ratings be perceived as reasonably accurate and fair. If the rating
process is viewed by the stakeholders and public as biased, inaccurate, or
contaminated by self-serving motives, then the EFQM excellence model results will
be viewed as unfair. In developing subjective judgments and ratings, two types of
rating errors can occur. Some rating errors are unintentional. However, some rating
errors are intentional and reflect self-serving or political motives. In this case, DMs
may have the ability to make accurate judgments, but they are unwilling to do so. DMs
can play political games and distort their judgments to achieve a desired
goal (Kozlowski et al., 1998). Kozlowski et al. (1998) have noted that politics and
associated judgment distortions are more likely when:

* there is a direct link between the judgments and desired rewards as in the EFQM
excellence model decisions;

 there is a lack of surveillance of DM behavior; and
* there is a widespread perception that others will distort their judgments.



Kozlowski et al. (1998) describe several actions that organizations can take to minimize
the role of politics in judgments and ratings. These recommendations include:

* having key DMs serve as role models by providing fair evaluations and
discouraging political game playing;

« allowing other DMs to suggest potential improvements to the system itself;
+ ensuring that the evaluation criteria are widely viewed as relevant;
+ using multiple DMs; and

+ making DMs accountable for their evaluations by having to explain the reasons
for their judgments.

When DMs are motivated to provide accurate judgments, training can enhance the
accuracy of the judgments. Hauenstein (1998) reviewed the empirical research in this
area and described key elements in successful DM accuracy training. A facilitator
should also guide rating sessions to ensure that the same process is applied
systematically to all BUs. In general, it has been shown that facilitation enhances the
effectiveness of groups using group decision support systems (Khalifa et al., 2002).

Finally, using a structured, step-by-step approach like the proposed benchmarking
framework is not intended to imply a deterministic approach to the EFQM excellence
model. Determining the degree of excellence in BUs is a complex problem. While the
proposed framework enables DMs to crystallize their thoughts and organize data by
simultaneously considering both inherently subjective criteria and more objective criteria,
it should be used very carefully. As with any decision analysis model, the researchers and
practicing managers must be aware of the limitations of subjective estimates.

For future research, it is suggested that researchers study and develop fuzzy MADM
approaches when the decision data are unquantifiable or incomplete. The observed values
in real-world problems are often imprecise or vague. Imprecise or vague data may be the
result of unquantifiable, incomplete and non-obtainable information and can be expressed
with fuzzy numbers. The benchmarking framework developed in this study can
potentially lend itself to other areas of study. There is a particular interest in extending
this model to real-world problems with imprecise, ambiguous or unknown data.

Note

1. All the names and data presented in this study are changed to protect the anonymity of the
hospitals and the health care organizations who participated in this project.
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