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ABSTRACT. The investment in the development of the existing portfolio of clinics, as well as in their
maintenance and operation, constitutes 3—4% of the annual budgets of health maintenance organiza-
tions (HMOs) in Israel. These clinics are the primary facilities for the provision of health services. The
research objective was the implementation of previously defined key performance indicators (KPIs) in
a 42 clinic sample in order to: (1) assess the maintenance performance of the facilities, (2) intra- and
inter-benchmark the performance and efficiency, (3) establish a policy for the strategic and tactical
maintenance management, and (4) set priorities in the maintenance plan. These actions should be
part of a cycle for continuous improvement of the performance and maintenance of the facilities. This
set of seven hybrid KPIs can be used for the leading and lagging analysis of the planning and control
of facility maintenance. A case study is presented as an example of the applicability of the method.

KEYWORDS: Key performance indicators (KPIs); Life cycle costs (LCC); Maintenance; Outsourcing;
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1. INTRODUCTION

The facilities available to the community health sys-
tem enable it to provide medical services to the pop-
ulation and to have a significant impact on the qual-
ity of the service provided. The investment in the
development of the existing portfolio of structures,
as well as in their maintenance and operation, con-
stitutes 3-4% of the annual budgets of the various
health maintenance organizations (HMOs) in Israel.
The facilities and their maintenance have signifi-
cant implications for the quality of service and for
the asset efficiency of the HMOs (Reiling et al. 2008;
Ulrich, Quan 2004). Global and local trends have
led to a shift in the concept of health service provi-
sion, away from the hospital as a principal provider
of health services and towards the clinics (Ameri-
can Hospital Association 2010). The reason for this
shift is the concept that the community health clinic
should be the principal provider of health service to
the population (Melin, Granath 2004). This global
change is motivated by three main factors:

— A gradual and steady increase in the demand

for health services;

* Corresponding author. E-mail: igals@bgu.ac.il

— The need to improve the efficiency and effec-
tiveness of the health system and to upgrade
the management of its facilities;

— The increase in the capabilities of informa-
tion and communication technologies (ICT)
which permit multiple health services to be
provided to distant locations.

The resultant modifications have shortened the
duration of hospitalization, while increasing the
number of in-patient admissions in community
clinics (Statistics Denmark 2014; American Hos-
pital Association 2014; Federal Statistical Office
Germany 2014; Centraal Bureau voor de Statistiek
2014) culminating in intensive service condi-
tions in community clinics. The quality of clinics
strongly affects customer satisfaction; hence, com-
prehensive planning that takes into account life
cycle costs (LCC) can be critical for effective clinic
maintenance. The objectives of this research are
to assess the reliability of a set of hybrid KPIs for
assessing performance, and maintenance manage-
ment, as well as for providing the basis for estab-
lishing the strategic and tactical policy of commu-
nity clinics.
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2. LITERATURE REVIEW

The management and maintenance of facilities
involve five core domains: maintenance, facility
performance, risk management, development and
upgrading of buildings, and facility management
(Gallagher 1998; Gelnay 2002; Payne, Rees 1999).
Organizations that own a large number of build-
ings and infrastructures require the consolidation
of an integrated approach that will provide the fa-
cility managers with a systematic tool for facility
management and maintenance during the design
and construction stages and throughout the entire
service life of the buildings and infrastructures.
The integrated approach to maintenance is based
on the concept that facility maintenance depends
on organizational, engineering, functional, and
economic factors and that optimal analysis and
decision-making require the consideration of all of
the above-mentioned factors in the process of facil-
ity maintenance (Shohet, Lavy 2004a).

The integrated approach to maintenance man-
agement comprises the following three basic ele-
ments (Shohet et al. 2003; Shohet, Lavy 2004b):

— The definition of indicators for the mainte-
nance of buildings and infrastructures based
on the portfolio of existing buildings and
their classification according to categories of
principal maintenance activities;

— Systematic evaluation of the state of the
buildings and infrastructures based on de-
fined scales of performance;

— Optimal allocation of resources to the main-
tenance work with the aim of achieving opti-
mal performance and cost minimization.

There has recently been an increase in the
number of organizations in both the private and
the public sectors that outsource their non-core
services (Kakabadse, A., Kakabadse, N. 2005; Yik,
Lai 2005). In such cases, an analysis of the main-
tenance management must consider the relation-
ship between the owner of the facilities and the
contractor.

Ciarapica et al. (2008) pointed to four main rea-
sons for the outsourcing of services that appear
in the literature: the need to reduce costs and to
increase efficiency; the need to focus on the core
activities of the organization; the need to introduce
greater workforce flexibility; and the need to de-
crease the power of the trade unions. The appli-
cation of effective management methods such as
outsourcing could facilitate the attainment of three
important goals: high-performance maintenance,
optimal management flexibility, and financial-

economic efficiency. However, simply transferring
the ownership of the facilities from the public to
the private sector can achieve only limited results,
and, in some cases, might even be counterproduc-
tive (Campbell 1995).

The owners of the facilities need to continue to
control the performance of the non-core services in
order to guarantee the support of the core business
of the organization.

2.1. Performance measurements

In the field of facility management (FM) and main-
tenance, quantitative and qualitative criteria are
used to examine the degree to which the objectives
of assets are achieved in practice. In this process,
actual performance is compared with accepted
standards, or, alternatively, the management and
maintenance of a specific structure are compared
with those of a similar structure in accordance
with performance indicators (PI). Examples of such
criteria include the building performance indica-
tor (BPI), which measures the physical-functional
state of a structure. Various studies in the profes-
sional literature have focused on the assessment
of the maintenance performance. In an analysis
of 40 Belgian industrial companies, Muchiri et al.
(2010) reported a low level of satisfaction among
maintenance managers; which was correlated to
the low percentage of decisions based on the use
of KPIs. This situation may be improved by a tight
connection between different levels of maintenance
management together with the application of a
continuous cycle of performance measurement-
strategy. In addition, as suggested by different au-
thors (Campbell 1995; Amaratunga, Baldry 2002a,
2002b; Jones, Sharp 2007) maintenance indicators
should be directly influenced by the maintenance
objectives and needs of the organization; in these
studies a low level of correlation between the KPIs
used to measure performance and the objectives
of the maintenance strategy was observed. These
research studies illustrated shortcomings in the
selection and use of KPIs. According to Litzken-
dorf et al. (2005) a building’s performance needs
to be measured, evaluated, and communicated in
a standardized manner. The authors also estab-
lished that it is possible to classify performance
into categories as follows: technical performance,
functional performance, social performance, eco-
nomic performance, environmental performance,
and process quality planning/operation.
According to Lavy et al. (2014a, 2014b), in or-
der to effectively measure the performance of the
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building it is necessary to identify a set of KPIs
specific for the facility under consideration with
the requirement that these KPIs have to be: (1)
quantifiable, (2) easily measurable, and (3) dem-
onstrate wider applicability.

Grussing and Liu (2014) developed a method for
the selection and scheduling of building component
maintenance, repair and renovation activities,
with the goal of the method being to minimize all
related costs over a predetermined period of time,
in accordance with the required performance and
available resources. Two different indicators were
used: a condition indicator (CI), which measures
the level of physical deterioration and a capability
index, which measures functional obsolescence due
to age, changing standards, and changing perfor-
mance requirements.

One of the issues noted by Jones and Sharp
(2007) was the inability of performance models to
predict the long-term cost of a building’s mainte-
nance. The various models that have been devel-
oped over the past decade for the prediction of the
lifespan and maintenance needs of components
often require a large amount of data, which is, in
many cases, not available to facility managers.

Lavy et al. (2010) carried out a literature re-
view on the performance indicators used for facil-
ity management. The authors grouped the per-
formance indicators into four categories: finan-
cial indicators (costs and expenditures), physical
indicators (the physical condition of the facility),
functional indicators (the performance of the facil-
ity) and survey-based indicators (mainly qualita-
tive indicators of user satisfaction). Their study
reported that too many KPIs are referred to in the
literature and identified three main issues: lack
of applicability of the KPIs, lack of a holistic ap-
proach and improper categorization. Two reports
(Lavy et al. 2010; Jones, Sharp 2007) highlighted
the necessity for a set of KPIs which, are able to
comprehensively assess the performance of a facil-
ity with a small amount of data.

Langston and Lauge-Kristensen (2002) defined
three levels of maintenance management: strate-
gic, tactical, and operational while Marquez and
Gupta (2006) described the objectives for each
level of maintenance management: to transform
business priorities into maintenance priorities
(strategic level); to determine the correct allocation
of resources for the performance of maintenance
(tactical level); and to ensure the proper execu-
tion of the maintenance work (operational level).
Van Horenbeek and Pintelon (2014) suggested a
bottom-up approach for the development of KPIs

for each maintenance level in order to provide a
global view of the performance of a facility. Such a
global view would allow the maintenance manager
to review the tactical and operational performance
levels thereby revealing the root cause of any prob-
lems in the maintenance work or in its organiza-
tion. A similar approach was used for the devel-
opment of the BPI, through which one can arrive
at a global view of the performance of a facility,
review the performance of each system component
(P,), identify any problems, and set up new main-
tenance priorities (Shohet 2003).

As stated above, one of the most important
issues in the implementation of a performance
measurement system is the alignment of mainte-
nance objectives and the process of selecting the
appropriate KPIs for the objectives of an organiza-
tion (Campbell 1995; Amaratunga, Baldry 2002a,
2002b; Jones, Sharp 2007). Lavy et al. (2010) ar-
gued that the public or private nature of an or-
ganization influences the relevant type of perfor-
mance measurement. For example, according to
this approach, a public organization would favor
performance measurements with a non-profit ori-
entation.

In another example, Ciarapica et al. (2008)
claimed that since the core business of the health
sector is patient care, the objectives of such a fa-
cility maintenance should be represented by high
continuity (availability) and a high level of func-
tional safety, mainly related to the possible failure
risks.

Jones and Sharp (2007) developed a model for
the maintenance of built assets. The main issue
addressed in their research study was the need
to generate a maintenance strategy that could
meet an organization’s business requirements
and generate income, rather than one based only
on the physical condition of the assets. However,
the application of this model to the public sector
was found to be inadequate due to the particular
nature of public organizations with a non-profit
orientation (Ciarapica et al. 2008; Lavy et al.
2010). Thus, the adjustment of the priorities
of maintenance work to an organization’s goals
should be carried out with reference to the level
of outcome generated (in terms of performance
of services).

2.2. Healthcare facility and maintenance
management

The evolution of contemporary research in the
field of maintenance management is currently
displaying its most important and innovative
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developments in the industrial sector. Due to
the high competitiveness of the market, indus-
tries tend to focus on the performance of non-
core activities that could lead to an improvement
in the availability and reliability of facilities as
well as in increased corporate productivity. Few
research studies to date have concentrated on
maintenance management in the health sector.
Some studies have analyzed the theme of hospi-
tal performance and maintenance, but only from
a qualitative point of view (Gelnay 2002; Tulla
et al. 2002; Cingolini et al. 2008; Stichler, Ecoff
2009; Talib et al. 2013; Islam et al. 2015). Other
studies have investigated the management and
maintenance of hospitals and have developed
various key performance indicators (Pullen et al.
2000). However none of these considered the spe-
cific case of clinics.

Ali and Mohamad (2009) analyzed the exist-
ing facility maintenance management in hospital
through a Malaysian hospital case study. The au-
thors assessed five key elements namely: leader-
ship; policies, plans and procedures; training and
orientation; monitoring and supervision; and ser-
vice performance. However, an analysis of the ef-
ficiency of the maintenance activities from an eco-
nomic point of view and a comparison with other
facilities in order to better analyze the shortcom-
ings, are still missing.

Other research studies, such as the one car-
ried out by Lega et al. (2013), focused on the
performance of the supply chain management of
health facilities, and the study conducted by Len-
nerts (2009) presented a comprehensive analysis
of several hospitals in Germany, Switzerland and
Luxemburg. Pati et al. (2010) developed a frame-
work of hard and soft performance indicators for
strategic maintenance planning in hospitals and
courthouses.

3. RESEARCH OBJECTIVES, METHOD AND
PHASES

3.1. Research objectives

The present research objective was to implement
a set of clinic specific KPIs in a sample of 42 clinic
facilities in Israel in order to: (1) assess the ac-
tual performance of the facilities, (2) intra- and
inter-organization benchmarking, (3) establish
the maintenance policy at the strategic and tacti-
cal level of management, and (4) set priorities for
the maintenance plan.

3.2. Research method

The KPIs selected to assess the performance of
the facilities were developed and used in previ-
ous studies where their capability of assessing the
performance of maintenance services both from
a strategic and tactical point of view was clearly
demonstrated. In the present study, these KPIs
were adapted to a clinic environment by redefin-
ing the systems and components constituting the
building. Notably these changes affected the Build-
ing Performance Indicator, the Age Coefficient and
the Density Coefficient.

Forty two clinics in Israel were selected in or-
der to obtain a sufficiently comprehensive sample
of different building features (age, size, location,
and occupancy) to generate significant results.

Data were gathered through structured sur-
veys conducted in each facility and interviews
with facility managers/maintenance managers of
the clinics.

Each clinic was analyzed with a view to bench-
marking its performance and identifying possible
improvements.

A representative case study taken from the
clinic sample is presented in this paper in order
to demonstrate the applicability of the KPIs and
to clarify the method used for performance bench-
marking, strategic planning and potential im-
provements of the maintenance and performance
of the clinic. The selected KPIs refer to three ma-
jor aspect of clinic FM: Development of the facili-
ties (Age and Density Coefficients), Performance
of the facilities (Building Performance Indicator
and Maintenance Efficiency Indicator), and Main-
tenance (Annual Maintenance Expenditure, Main-
tenance Sources Ratio and Managerial Span of
Control) as described below.

3.3. Research phases

The phases of the research are defined below:

Background for the theory:

— Definition of the KPIs for use in clinic facili-
ties;

— Definition of the method for priority setting
of the maintenance activities.

Application and findings:

— Performance assessment of the facilities;

— Intra- and inter-organization benchmarking;

— Statistical analysis of the results;

— Policy setting at the strategic and tactical
levels of management;

— Definition of maintenance plan priorities.
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4. THEORY BACKGROUND

The present research study employed key perfor-
mance indicators intended to monitor the perfor-
mance and maintenance of clinics as follows:

— Age coefficient (ACy) of building;

— Density coefficient (DCy) of the clinic’s pa-

tients;

— Building performance indicator (BPI);

— Annual maintenance expenditure (AMEy);

— Maintenance efficiency indicator (MEI);

— Maintenance sources ratio (MSR);

— Managerial span of control (MSC).

The KPIs developed by Shohet and Lavy (2004a)
were used to build a maintenance model of the
building in accordance with life cycle principles (age
coefficient and building performance indicator) in
order to predict the evolution of maintenance costs
for the entire lifespan of the building. The aim of
these KPIs was not only to predict the maintenance
needs of the various systems/components but also to
provide the organization with a forecast of the main-
tenance expenditure during the lifespan of the clinic
and to benchmark the performance of the different
facilities. These performance indicators incorporate
an evaluation of the maintenance work (MSC, MSR
and BPI) and of the outcomes of the maintenance
work (BPI, MEI and AME); thus, these KPIs can be
defined as hybrid indicators, both lagging and lead-
ing (Muchiri et al. 2011; Lavy et al. 2010). Figure 1
shows the adaptation of the performance measure-
ment framework proposed by Muchiri et al. (2011)
for the public sector in situations where there is
an outsourcing of the maintenance activity (global
service or partial outsourcing).

[ Facility Manager

Contractor's
ﬁ SuperintendenfiEngineer
RV

Maintenance crew
(outsourcing)

O

Maintenance
process:

- Job identification

- Planning

- Scheduling

- Work execution

Maintenance ‘
trategy formulation

(policy setting,
maintenance
priorities})

Performance
measurements
and
benchmarking

——

Analysis

I

Leading Lagging
Organization's indicators indicators
business . .
objectives Hybrid Indicators

Fig. 1. Adaptation of the performance measurement
framework proposed by Muchiri et al. (2011) for
maintenance outsourcing in the public sector

In the proposed framework, the contractor’s
superintendent or engineer acts as an engineer-
ing consultant for the maintenance work (Straub,
Van Mossel 2007; Straub 2009), and, in collabora-
tion with the maintenance manager, defines the
maintenance strategy that can meet the objectives
of the organization. After the maintenance strat-
egy has been determined (setting the maintenance
policy at strategic and tactical level and defining
the maintenance priorities) the process starts
with maintenance job identification, proceeds to
the planning and scheduling stages, and culmi-
nates in the execution of the maintenance work.
After the maintenance work has been completed,
the proposed KPIs are used to assess and bench-
mark the performance of the facility by the main-
tenance manager, who, together with the contrac-
tor’s superintendent or engineer, defines possible
improvements. In order to achieve a constant im-
provement of the efficiency and performance of the
building, these three actions (maintenance work
execution, performance measurement and bench-
marking, and strategy definition) should be part of
a continuous cycle. Once the performance has been
assessed, this cycle begins again from the mainte-
nance strategy formulation.

The following paragraphs describe the basic hy-
pothesis and theory behind the core performance
indicators.

4.1. Key performance indicators

4.1.1. Annual maintenance expenditure
(AME)

This indicator reflects the maintenance expendi-
ture per built square meter (excluding cleaning,
energy, and security expenditures). From an or-
ganizational viewpoint, this indicator determines
the annual expenditure on the maintenance of the
clinics, and it can also provide a measure of the
overall expenditure on the built assets in relation
to the organization’s turnover. From a manageri-
al-professional viewpoint, however, the expenses
must be analyzed with respect to the clinic’s char-
acteristics and output (the clinic’s performance) as
well as the service regime (annual number of visi-
tors per annum/m?).

4.1.2. Age coefficient

The age coefficient is defined as a coefficient for
the adjustment of the maintenance needs to the
actual service life of a facility. The calculation of
coefficient for a clinic with a designed life cycle
(DLC) of 50 years produced the following results:
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a value of 1 represents the average maintenance
expenditure (2.5% of reinstatement value) for the
clinic’s designed life cycle, the maximum value is
ACy = 1.6 that occurs in the middle of the clin-
ics’ life cycle (refurbishment of electro-mechanical
systems), whereas the lower values AC, = 0.6-0.8
occur in the first and last periods of the life cycle.

4.1.3. Density coefficient

The density coefficient reflects the effect of patient
density on the deterioration of the clinic’s compo-
nents. Standard density was defined as 175 patients
per m?2 per annum and was defined as 100% density
of patients. The values are calculated as follows:

— Under moderate density conditions (less or
equal to 80% of standard density), the den-
sity coefficient is 0.97, representing only mi-
nor savings in maintenance expenditures,
because of the requirements of the clinic’s
mandatory preventive policy.

— When the relative density is between 80%
and 100%, the increase in maintenance ac-
tivities is moderately linear.

— When the relative density is between 100%
and 154%, patient density has a greater im-
pact on maintenance expenditure, and the
slope of the graph increases. With a relative
density higher than 154% the density coef-
ficient remains constant at a level of 1.31.

4.1.4. Building performance indicator (BPI)

This indicator enables the evaluation of the overall
state of the clinic or of the clinic portfolio, according
to the performance of its components and systems.
The indicator is defined by a value between 0 and
100, which expresses the physical state of the clinic,
including the performance of its various systems
(P,). P, is graded according to performance scales
ranging from O to 100, where P, < 60 indicates a
poor/dangerous performance condition, 60 <P, <70
indicates deteriorating performance, 70 < P, < 80
indicates a marginal (70) or satisfactory (80) con-
dition, and P, > 80 indicates a good performance
condition. The score P, for each system is composed
of three aspects of facility maintenance: the actual
condition of the system (C,), failures affecting the
service provided by the system (F,), and the actu-
al preventive activities carried out on the system
to maintain acceptable service level (PM,) (Israel
Standards Institution 2010; Shohet 2003).

The BPI is obtained by multiplying each sys-
tem’s weight by its score as shown in Equation (1).

10
BPI= P xW . D
n n

n=1

The desired BPI range is BPI > 90, although
even at such a performance score, any system or
component with a performance score of below 70
will require corrective maintenance measures.

This parameter enables: (1) evaluation of the
overall state of a clinic (2) evaluation of the state
of the clinic’s systems (3) benchmarking the asset’s
performance in relation to other clinics or facilities
(inter-organizational benchmarking) (4) bench-
marking the clinic’s systems in order to compare
the efficiency of the various maintenance crews
(intra-organizational benchmarking).

4.1.5. Maintenance efficiency indicator (MEI)

This indicator enables an examination of the in-
vestment in maintenance in relation to the clinic’s
performance (which is in fact the service provided
to the health maintenance organization by the FM

department).
The MEI is calculated through Equation (2):
mgr = 2ME, 1 L i 2)

ac, “BpI DC, "'
where: AMEy is the actual annual maintenance
expenditure for year y; ACy 1s the age coefficient
for year y; BPI is the monitored building perfor-
mance indicator; DCy is the density coefficient for
the clinic in question; and i, is the construction
prices index.

This indicator expresses the annual expendi-
ture on maintenance per clinic performance unit,
normalized by the use of both the age coefficient
(ACy) and the density coefficient (DCy).

MEI may be analyzed as the two-dimensional
space of BPI combined with normalized annual
maintenance expenditure (NAMEy), as expressed
in Equation (3):

NAME, = ——2> | 3)

where: NAMEy represents the annual mainte-
nance expenditure neutralized from the effect of
age (ACy), and from the clinic’s patient density
{DC,).

For a clinic maintained at a desired level, we
assume a BPI of 100. The average annual main-
tenance expenditure (AMEy) per m? was assessed
as 2.5% of the reinstatement value of a clinic fa-
cility which was calculated to be $1,180 per built
m2. For example, a clinic with an age coefficient
of 1.00 (standard level), and a density coefficient
of 1.00 would have an MEI value of 0.30. The up-
per and lower values of the desirable range were
deduced from the standard deviation of the MEI
for the clinic sample population. The MEI values
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Fig. 2. MEI evaluation in terms of NAME-BPI

were interpreted according to the following cat-
egories:

— MEI < 0.24 indicates high efficiency where
the resources are effectively utilized, or
where there are few resources for mainte-
nance, or both.

— 0.36 > MEI > 0.24 expresses a reasonable range
of maintenance efficiency, where the lower lim-
it indicates good maintenance efficiency while
the upper limit indicates low maintenance ef-
ficiency and/or a lack of resources.

— MEI > 0.36 indicates high input relative to
actual performance. Such a high indicator
value may reflect high maintenance expendi-
ture, low physical performance, or a combi-
nation of these two extreme situations.

Once the maintenance efficiency of the build-

ing has been assessed through the MEI, the facil-
ity manager can then evaluate the efficiency level
of maintenance management. Figure 2 presents a
graph where the MEI of the facility is evaluated in
terms of NAME-BPI, which allows an explicit and
clear definition of the different zones of efficiency/
performance. Different decisions can be triggered
by the results depending on the actual efficiency/
performance of the facility under analysis; an ex-
ample of the application of this model is given in
the case study presented below.

This framework provides unequivocal inference

logic for the performance and maintenance man-
agement of clinics.

4.1.6. Maintenance sources ratio (MSR)

Outsourcing constitutes an alternative to the im-
plementation of maintenance activities by in-house
employees who require on-going management. Out-
sourcing can serve as a means for the execution of

seasonal preventive maintenance work, as well as
rehabilitation, renovation, and replacement activi-
ties. This parameter reflects the mix of internal and
external maintenance resources, and expresses the
extent of outsourcing (in %) out of the total labor
resources allocated for maintenance of the clinic. In
previous studies, it was reported that outsourcing
may contribute to savings of 10% compared to in-
house provision of maintenance services (Domberg-
er, Jensen 1997). In a research study on hospital-
ity facilities, Chan et al. (2001) defined the optimal
proportion of outsourced maintenance works as
54.4%. For clinics it 1s possible to define a propor-
tion of 60% of outsourcing as giving a guarantee of
a solid balance under standard service conditions.

4.1.7. Managerial span of control (MSC)

In the FM context, this indicator refers to the
number of facilities under the supervision of a sin-
gle facility manager. Depending on the situation,
this KPI can also express the number of employ-
ees who are directly subordinate to the manager in
the maintenance department. A previous study of
managerial span of control (MSC) in the construc-
tion industry (Laufer, Shohet 1991) reported that
the MSC affects the way managers divide their
time and consequently the performance of the
organization. Since the MSC affects the level of
indirect costs this parameter must be adjusted ac-
cording to the prevailing conditions. In the present
research study, the optimal value of the MSC will
depend on the dimensions of the facilities under
the control of the facility manager and will need
to be defined case by case. For instance, in large
facilities that are geographically dispersed, the de-
sired MSC would be eight.
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4.2. The definition of maintenance priorities

After the performance of the building’s systems has
been assessed, it is then necessary to define the
priorities of the maintenance work according to (a)
the present state of the systems (b) the objectives
of the organization and (c) the possible risks due
to failures of these systems. This process of defin-
ing maintenance priorities can be carried out using
the Boston quadrant matrix (see Fig. 3) where the
vertical axis is the performance of the system/com-
ponent expressed by the BPI and the horizontal
axis is the potential risk level expressed in a scale
from 0 to 5. The risk level should be defined by
the organization’s facility manager in consultation
with the contractor’s superintendent or engineer
and should be based on the analysis of the possible
failure scenarios for each component. For example,
the fire extinguishing system should have a poten-
tial risk level of 5 due to possible vulnerabilities
in the event of fire in the building. On the other
hand, the exterior envelope should have a poten-
tial risk level between 3 and 4 because, even if the
level of possible safety risks to the users is very
low, a failure, for example, in the roof could allow
moisture to penetrate the building, which could
then lead to failures in other systems, such as the
electrical system or the interior finishing.

Table 1 depicts an example of potential risk
level assessment used for setting the priority in
the case study (see section 5.2).

Need - Non critical

Deferrable | Essential

Low risk High risk

Essential | Critical

Need - Critical

Fig. 3. Boston quadrant matrix

Table 1. Example of potential risk level assessment for
the building’s systems

Building’s system Potential
risk level
Structure 5.0
Exterior envelope 3.0
Interior finishing 2.0
Electricity system 4.0
Water and sewage 3.0
HVAC 3.0
Fire extinguishing system 5.0
Information and Communication 2.5
Technology (ICT)
Elevators 4.0

5. APPLICATION AND FINDINGS

This paragraph presents the research findings in
two phases: (1) identification of the sample popula-
tion used for profiling the clinics in the sample (2)
analysis of a case-study that can be used for the
implementation of the KPIs in tactical and strate-
gic levels of maintenance management and for the
validation of their applicability.

5.1. The sample population

Table 2 shows the profile of the sample of 42 se-
lected clinics. The mean floor area of the clinics is
1,214 m2. The respective mean age coefficient for
the buildings is 0.88 reflecting the reduced need
for resources in the maintenance of facilities with
a mean age of 11.2 years. The annual number of
visitors per m? representing the density of the clin-
ics is 273 visitors/m?2 per year, where an annual
number of 175 visitors/m? per year is defined as
standard density. In light of the latter finding, we
can deduce that the sample of clinics represents fa-
cilities that operate under intensive service condi-
tions. The mean annual maintenance expenditure
for the maintenance of the clinics in the clinic sam-
ple is $33.20/m2, which amounts to 2.81% of the
annual reinstatement value of the clinics ($1,180/
m2). In light of the young age of the clinics in the
sample, this level of maintenance is high and may
be explained by the intensive service conditions
under which the clinics operate. The maintenance
sources ratio (MSR) represents a blend of out-
sourcing and in-house maintenance service provi-
sion. The MSR shows that 60.6% of the services
are contracted out. This mix is rationalized by the
intensive service conditions of clinics that require
a high availability of inhouse maintenance crews
to carry out urgent services. The managerial span
of control of the clinics’ regional facility manager
1s 7.2 compared with a standard value of 6. This
value is explained by the relatively small size of
the facilities. The building performance indicator
mean value is 91.0, which indicates a high per-
formance level for the clinics. The relatively small
variance of the parameter indicates its signifi-
cance. The last parameter — the maintenance ef-
ficiency indicator (MEI) — expresses the efficiency
with which the maintenance resources are utilized.
The mean MEI of 0.40 for the clinic sample indi-
cates that the performance of the facilities is out
of the range of the desired value interval (between
0.24 and 0.36); the fluctuation in this parameter
expresses significant variability in this measure of
efficiency.
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Figure 4 shows the distribution in the clinic
sample in a two-dimensional space where the inde-
pendent variable is the normalized annual main-
tenance expenditure (NAME) and the dependent
variable is BPI. The three lines represent equilat-
eral lines of efficiency where 0.30 is the expected
(standard) level of efficiency, and where the other
two lines express the margins of the standard re-
gion of efficiency. The distribution shows that only

fines the threshold level of performance required
for a clinic according to the HMO’s maintenance-
performance policy. Figure 6 depicts (1) the mini-
mum and the maximum values of performance of
each system and (2) the identification of the second
and third quartiles of the clinic sample.

Table 2. Summary of the parameters of the clinic
sample

55% (23 facilities) in the clinic sample fall between Mean (8123?3(1?53
the upper apd lower .mar.gln.s of .the sta}ndard re- Floor area [m?] 1.214 994
gion of efficiency. This distribution validates the
. Age [years] 11.2 7.5
predicted values deduced from the development of Annual number of visitors/m? 973 155
this p.ara.meter. Facilities that are. closg to the .1eft Annual maintenance expenditure —  33.2 16.4
margin line (MEI = 0.24) exemplify high efficien- AME [$/m?]
¢y in the use of maintenance resources, whereas Managerial span of control — MSC 7.2 3.9
facilities close to or beyond the right MEI = 0.36 Maintenance sources ratio— MSR ~ 60.6%  17.5%
margin line require (a) further analysis as to the Building Performance Indicator — BPI 91.0 5.7
sources of inefficiency and (b) the development of Normalized annual maintenance 36.3 19.2
an efficiency improvement program. expenditure — NAME [$/m?]
Figure 5 presents the performance for each Maintenance efficiency indicator —  0.40 0.21
building’s system in the clinic sample. P, = 90 de- MEI
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Fig. 4. Building performance indicator against normalized annual maintenance expenditure for
the clinic sample
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The analysis shows that the fire extinguishing
system, ICT, elevators and peripheral infrastruc-
tures are in a good state; the performance of all
the clinics participating in the sample was found
to be above 90 points. Furthermore, the structure
and electricity system distribution indicates that
the second quartile was above the desired level of
90 points, which means that more than the 75% of
the clinics succeeded in meeting the desired level
of performance. Only in a few cases did the P, val-
ue not meet the minimum requirement level. The
exterior envelope, interior finishing, the water and
sewage and HVAC systems all have a mean value
that is under or very close to the threshold value.
Analyzing Figure 6, it is possible to see that, with
regard to these systems, almost 75% of the clin-
ics have a performance level that is less than the
desired value.

5.2. Case study

An application of the previously defined KPIs is
presented in this section. The case study under
analysis is a community clinic located in Rosh
Haayin, which is a district in central Israel. It has
a conventional two-story reinforced concrete struc-
ture; the exterior envelope is clad with natural
limestone and has aluminum window frames and
curtain walls. The air conditioning system is com-
posed of split air conditioning units. The building
has a fire detection and fire extinguishing system.

5.2.1. Analysis

Table 3 shows how the characteristics of the case
study clinic compare to those of the population as
a whole. The case study has a built-up floor area of
1,200 m2, and can be considered as representative
of the whole population, which has a mean value of
1,214 m? The structure is relatively young (7 years
old). The number of visitors is 321/m? per year,
which 1s higher than the mean value and gives

Table 3. Comparison of the characteristics of the whole
clinic sample with those of the case study

Case  Clinic

study sample
Floor area [m?] 1,200 1,214
Age [years] 7.0 11.2
Annual number of visitors/m?2 321 273
ﬁi\l/?éla[lé/ﬁazl]mtenance expenditure — 31.9 33.9
Managerial span of control — MSC 5.0 7.2
Maintenance source ratio — MSR 60.6% 61.0%
Building Performance Indicator — BPI  86.7 91.0
Normalized i maniepanee g0 g
Maintenance efficiency indicator — MEI 0.40 0.40

a density significantly higher than the standard
value of 175 visitors/m? per year. This parameter
indicates intensive use of the structure and the re-
quirement for an intensive service regime for the
components of the various systems in the building,
such as interior finishing, exterior envelope and
electro-mechanical systems. Despite the intensive
use of the building the AME is $31.20/m? per year,
which is 5.9% lower than the mean value of the
clinic sample because of the relatively young age
of the facility. The intensive use of the clinic is re-
flected in the low BPI as compared with the other
clinics in the sample. Figure 7 presents a compari-
son of the performance of the case study building
systems with the mean values of the clinic sample.
It can be seen that the lower performance level
1s due mainly to three systems: exterior envelope,
interior finishing and the electro-mechanical sys-
tems (electricity, ICT and elevators). The mana-
gerial span of control has a value of 5 while the
maintenance source ratio of 60% is similar to the
mean value of the entire clinic sample. Finally, the
MEI of the case study exceeds the desired range
(0.24-0.36) but is consistent with that of the clinics
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in the clinic sample; it should also be noted that
the value of 0.40 is identical to the mean value of
the sample. This indicates redundancy of resources
at a level of 30% as compared with the median of
the desired range.

5.2.2. Deduction of corrective actions

From the analysis of the KPIs of the case study,
the following conclusions can be deduced:

— The level of performance of the clinic is not
compatible with the annual cost of mainte-
nance. The low efficiency as defined by the
MEI is related to the poor performance of
certain systems such as the building enve-
lope, electricity, HVAC and the interior fin-
ishing, as well as to the presence of redun-
dant resources.

— The MSC value of 5 should be increased
to 7-8 clinics, which should not affect the
performance level of the maintenance man-
agement. Figure 8 presents the efficiency
of maintenance activity in the case study

100

Optimal performance

BPI

80

70

60

23

10 20

NAME [$/m’]

HVAC

Fire extingushing Elevators

system

Peripheral
infrastructure

& Case study

the clinic sample versus the case study

clinic. It can be seen that the clinic is not
located within the desired standard range
of efficiency and, from the ratio between the
MEI and the desired MEI, it can be deduced
that efficiency could be improved by 33%.
This upgrading could be realized by raising
the performance level of the facility from a
BPI of 86.7 to a BPI of 90 (with the focus
on maintenance of the exterior envelope, the
interior finishing and the electro-mechanical
systems and on increased preventive main-
tenance for these systems) and by reducing
the NAME from $35/m?2 per year to $27/m?2
per year (that is, by increasing the MSC
and reducing breakdown maintenance). Af-
ter the desired (standard) performance level
has been reached, the next objective should
be attainment of the optimal efficiency lev-
el, where MEI = 0.24 (with BPI = 95 and
NAME = $20.80). ANAME and ABPI are the
marginal benefits in terms of the cost-reduc-
tion and performance of the deduced policy.

/N
/o

3

A5
)
7

3,

£ 3

Desired-performance

Foon

35

30

40

T
ANAME

Fig. 8. Actual and desired performance of the clinic and corrective actions
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Fig. 9. Boston quadrant matrix of the systems of
the case study

— According to analysis with the Boston quad-
rant matrix, priority should be given to the
preventive maintenance of the elevators, the
HVAC and electrical systems and especially
the exterior envelope (see Fig. 9).

6. CONCLUSION AND DISCUSSION

The objectives of the research study were to imple-

ment a set of KPIs in a sample of clinics in order to:

— Assess the actual performance of the facili-
ties.

— Perform intra- and inter-organization bench-

marking.

— Set policy at the strategic and tactical level

of management.

— Set priority in the maintenance work.

The KPIs analyzed and applied in the present
research study seek to create a body of knowledge
for the continuous improvement at the strategic
and tactical levels of maintenance management,
in the health sector in general and in community
clinics in particular. This improvement can be re-
alized through the use of a set of seven key per-
formance indicators for clinic maintenance. These
include age and density coefficients, expressing the
effects of age and service conditions on the main-
tenance needs. Annual maintenance expenditure
and maintenance sources ratio outline the profiles
of maintenance expenditure and service provision.
The managerial span of control measures the ef-
fectiveness with which the managerial resources
are utilized, the building performance indicator ex-
presses the performance level of the clinic, and the
maintenance efficiency indicator indicates the effec-
tiveness level at which the resources are utilized.

The KPIs were implemented in a framework
where a constant improvement can be obtained

through the application of a continuous cycle of:
strategy definition (policy setting and priorities
definition), work plan and execution, performance
measurement and benchmarking, and analysis.

Application of the KPIs to the sample of clin-
ics revealed that only 55% of the clinics operated
at the desired level of efficiency and that this low
performance level was due to both improper main-
tenance management and the overall low perfor-
mance level of the buildings’ systems. Due to the
intensive service regime of the clinics, which were
characterized by a higher than standard number
of visitors/m? per year, low levels of performance
were more closely examined in four systems: exte-
rior envelope, interior finishing, water and sewage,
and HVAC systems. Almost 75% of the clinics have
a performance level that is lower than the desired
level for these systems (P, = 90). This data sug-
gests the need for a redefinition of maintenance
policy, and for a focusing of attention on preven-
tive maintenance for those systems which are
exposed to intensive wear and tear. The results
of the changed policy should be an improvement
in performance and a decrease in the number of
system breakdowns, which would mean a reduc-
tion in maintenance costs. Finally a tool for setting
priority in maintenance work was demonstrated
and applied. The method presented should be ap-
plied as a cycle in order to obtain a continuous
improvement of the performance and efficiency of
the facility.

The case study presented was chosen in order
to demonstrate the comprehensive nature of the
application and to validate the method. In the case
study the KPIs were implemented and the perfor-
mance of the building assessed and benchmarked.
The benchmarking was carried out both through-
out the facility as a whole and between the sys-
tems within the building. After an analysis of the
performance and efficiency, the corrective actions
of the maintenance policy and the priorities of the
maintenance plan were defined.

As stated above, one of the strong points of a
public organization (such as HMOs) is the large
number of similar buildings owned. A further de-
velopment resulting from the findings of the re-
search study should be the creation of a common
database for all the facilities. This could lead to
substantial improvements in performance through
a sharing of knowledge (such as the identification
of the most effective maintenance actions for each
system’s components) in order to encourage con-
tinuous improvement in the performance of the
clinics.
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The proposed framework may be integrated
as a maintenance and performance management
module in the HMOs» ERP system.
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