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Abstract

The important role of efficiency in the health care foodservice sector has been widely
addressed in the literature. Different methods for assessing performance have been pro-
posed. In general, most measures were calculated as simple ratios such ag faod an
bour cost per meal or limited parametric techniques such as regression analysis. These
approaches are meaningful indicators of which operational performance areas require
attentions; however, problems arise when managers interpret partial productivity meas-
ures of this type as indicators of overall performance without considering the effects of
other related variables. This could create further problems in complex applications such
as the health care foodservice sector whaukiple inputs (number of full time employ-
ees, energy cost, capital, overheads) outputs (humber of meals and patient satisfaction)
and environmental or interfering variables (afequipment, quality of labour or skill
level of employees and the degree of readiness of materials) should be considered in the
assessment of efficiency.

This study contributes to overcoming thdisitations by introducing the stochastic
frontier approach to assess the efficiency of the health care foodservice sector. It is supe-
rior to the traditional productivity approaches as it allows for the integrations of multiple
inputs and outputs in evaluating relative efficiencies. The overall objective of the study
was to determine the level of cost, technical and allocative efficiency in a sample of
health care foodservice operations. More specifically, the objective was pursued by es
timating stochastic production and cost frontiers models, which provided the basis for
measuring technical (TE), allocative (AE) and cost efficiency (CE). The factors that sig-

nificantly contribute to increasing inefficiency in health care foodservice operations



were also identified. In this way, this study has policy implications because it not only
provided empirical measures of different efficiency indices, but also identifies some key
variables that are correlated with these indices. It goes beyond much of the published
literature concerning efficiency because most research in the area of efficiency analysis
focuses exclusively on the measurement of technical and cost efficiency.

The stochastic frontier approach was tested in a cross sectional daitensesample
of 101 health care foodservice operations in Australia and the USA. Results showed that
the models and all the parameters coefficiardgee plausible, significant and satisfy all
theoretical requirements. Further, results also showed that the average cost, technical
and cost efficiency were around 70 percent, 80 percent and 88 percent respectively.
These figures suggest that substantial gaimsiiput and/or decreases in cost can be at-
tained if hospital foodserviagperations were to improve their current performance. Fi-
nally, the results indicated that an increase in the level of manager’s experience and the
level of manager’s education could have a positive impact on decreasing the level of in-

efficiency in health care foodservice operations.
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Chapter 1: Introduction

1.1 Introduction

This study analyzes the technical, alloaat@wnd cost efficiency of health care foodser-
vice operations. The need for this study arises from two sets of related issues. The first,
discussed in the next section, relates to the limitations of efficiency studies currently
available in the health care foodservice literature. The second set of issues, identified as
the statement of problem of this study, addresses the current characteristics of the health

care foodservice industry, leading to the potential benefits and objectives of the study.

1.2 Background

During the past decade, the increased size of meal production in health care foodser-
vice operations has created additional pressnri®odservice managers to reduce opera-
tional costs and to improve profitability (ADA, @8). To illustrate, in Australia, over 40
million meals per annum are provided by the New South Wales Health Department at a
cost of $300 million (NSW Health, 2006), and in the state of Victoria 10 million meals
are produced per annum with a provision for meal costs of around $90 million. In the
United States, the food contracts in hodpitdone represent arod $US 3.778 billion
with an annual growth of 8.8%,while in the United Kingdom 300 million meals are
served each year at a cost of around £500 million (Krassie, 2005). These new challenges
have also necessitated improvements in the efficiency measurement of health care food-
service operations. Efficiency can be described as an assisting tool for identifying areas
of cost containment and cost reduction. Today, accounting and finance departments in
many hospitals generate and distribute a variety of reports, in order to assist feedservi

managers in assessing the efficiency of their foodservice operations. For example, in



Australia quarterly reports are usually issuedach ‘Area Health Service’ which con-

tain key performance indicators of different areas of the foodservice operatibrasssu
food and labour costs. These reports can be useful in directing department operations;
however, many times they fdd provide the detail necessary to fully evaluate the over-
all performance.

Despite the fact that hospital foodservice managers have recognized the current need
to control multiple resource cost, infortitan addressing efficiency and management
practices in the health cai@odservice literature have been limited and insufficient in
comparison with other sectors of the hospiatidustry such as hotels and restaurants.
Traditionally, efficiency has been measured by means of ratio analysis (food cost per
meal, number of meals per full- time equivalent employee, etc.) (Greathouse et al.,
1989) and limited parametric techniques such as linear regression (Clark, 1997). Ratio
analysis gives useful information about a firm’s performance but it also has several
shortcomings which will be discussed latethis paper. Severahrtial productivity
measures may be sometimes used collectively to obtain a broad picture of efficiency.
However, the presentation of a large nundfgrartial measures will be difficult to
comprehend and interpret if some indicators move in opposite directions over a given
period of time. Similarly, the use of regression analysis is also subject to the limitation
that the estimated equation provides a picture of the shape of an average function, as op-
posed to providing a ‘best practice’ function against which the efficiencynod tan be
measured and interpreted (Coelli, 1995).

Given these shortcomings, the efficiefitgrature has much to say about the use of
the so-called efficiency frontier approachdsich overcome the limitations of the tradi-

tional productivity approaches by explicitlgresidering multiple inputs and outputs in



the measurement of efficiency. These approaches are based on the concept of efficiency
originated by Farrell (1957), and which rergléself different fom the traditional con-
cept of productivity defined in the literature. Productivity is defined as theohinput
to output. The ratio can be calculated using a single input and output or byadiggyreg
multiple inputs and outputs. It is, however, more useful for the assessment of partial ar-
eas of the foodservice operation, because of the aggregation problem posed when com-
bining multiple factors. Efficiency, on the other hand, is based on the ¢afgqapduc-
tion possibility frontier (Barros, 2005). The production frontier represents the maximum
output attainable from each input level. Henit reflects the current state of technology
in the industry. Knowing the frontier, ogan estimate technical and allocative effi-
ciency. The former reflects the ability of a firm to obtain maximum outputs from a given
set of inputs, while the latter reflects the ability of a firm to use the inputs in optimal
proportions given their input prices. Thes®tmeasures are then combined to provide a
measure of total cost efficiency. Thus, if@ganisation uses its resources completely
allocatively and technically efficiently, then it can be said to have achieved total cost
efficiency. Alternatively, to the extent that either allocative or technical inefficiency is
present, then the organisatiwill be operating at lessah total cost efficiency.

Different approaches have been prepas the literature tmeasure efficiency. The
two most widely used methodologies are data envelopment analysis (DEA) and stochas-
tic frontier analysis (SFA). DEA is a non-parametric method and involves the use of lin-
ear programming techniques and is especially suitable for analysis of firms thadrare ch
acterized by multiple resources and multgdevices, while SFA is based on parametric
techniques and requires a functional specification of the cost structure or production

structure. Each of these techniques has its advantages and disadvantages. While DEA



can easily allow for the integration of mulggnputs and outputs, it is sensitive to
measurement errors addes not allow for random detions from the efficiency fron-

tier. SFA, on the other hand, takes into account measurement error, but it needs an arbi-
trary pre-specification for a functional form of the production frontier. The overall
agreement in the literature is that there isapproach that is strictly preferable to any

other. A careful consideratiasf them, of the data set utiéd, and of the intrinsic char-
acteristics of the industry under analysigl| elp the researcher in the correct imple-
mentation of these techniques.

In this study, SFA is used as it is deerteete more relevant in the health care food-
service application where the data are usually influenced by the inherent diversity of
hospitals and the effects of other environmental variables on efficiency outcomes. The
methodology used in this study differentiates between all three types of efficieney; tech
nical and allocative and cost efficiency. A stochastic frontier production fumigties-
timated to derive measures of technical efficiency while a stochastic cost fromser is
timated to derive measures of cost efficiency. The study even goes beyond the meas-
urement of efficiency to examine and statistically test the factors that exogenously influ-
ence cost and technical efficiency. The Battese and Coelli (1995)l&drom is adopted.

This formulation has the advantages of simultaneously estimating the parameters of the
stochastic frontier and the factors affecting efficiency, given appropriate distributional
assumptions associated with the error terms.

In summary, the sequencetibé model estimation is as followig'st, the different
types of efficiency of the health care foodservice operations represented in the sample
are measured and analyzed. Second, the determinants of efficiency variation among

these operations are analysed. Moreover, alternative methodological assumptions about



stochastic frontiers including choice of functional form and the significance of ineffi-

ciency effects are also tested.

1.3 Statement of the problem

The foodservice operations within Australian hospitals have undergone majgeshan
in the past decade. Historically, the provisairfood to patients was the responsibility
of each individual hospital which had its own kitchen facilities. Food wasecbakd
plated and served hot, in what is known as the ‘cook-serve’ system. This system re-
quired a substantial labour input and has always created tension arising from the neces-
sity of working to tight schedules, and at the same time achieving high quality standards.
Since the 1970s, advances have been nmafd@dservice systemaith the introduction
of the hybrid and the ‘cook-chill’ systems, in which the cooking of food was followed
by rapid chilling or freezing for subsequent reheating and service.tBd#spilarge ini-
tial capital investment of these new technologies, their real relevance was in the ‘de-
coupling’ process by which food production can be carried out separately from foodser-
vice customer demand, either in terms of time, or place or both (Jones alimd Hu
1990a). Bankstown hospital wathirst to introduce the coeghill system in 1971, fol-
lowed by Lidcome and Royal North Shore hospital in the mid-1970s. Due to technology
changes in the late 1980s and early 1990s there has been a significant expansion in the
use of cook-chill systems throughout the difet states. The 1990s saw further changes
with a number of food production units established to centrally prepare mealsvand ha
them delivered to hospitals. Today, the Australian Health Departments operate 13 cen
tralized cook-chill production units (CPU) in New South Wales and 38 in Victoria; the

majority of Queensland hospitals serve cook-chill meals (Krassie, 2005). Many smaller



hospitals, particularly those in rural locations with less than 50 beds and othergin mor
remote locations, continue to provideafs using the cook-serve method.

While many hospitals reported increased efficiency by the use of these new technolo-
gies (Krassie, 2005), many other have fa{lld8W Health, 2005). The last health ser-
vice report published by the department of health indicated that inefficiency is still a
problem with most health care foodservice operations due to the under-utilisation of
production capacity (NSW &&lth, 2006). Additionally, mangrea health services such
as New South Wales recommended the closure of several central production units due to
the increase in production cost and the emergence of external providers of foodservice
At the time of this study, food services in NSW Health were under review, and in 2007-
2008 will transition to a state-wide businesst, ‘Shared BusinesServices’. The objec-
tive of the change is to standardize services to eliminate duplication, maximize re-
sources, increase purchasing power and increase the efficiency and effectiveness of the
state-wide business. Additionally, patient needs in public hospitals vary considerably
and therefore a ‘one size fits all’ approach is not necessarily the answer to delivering the
most cost effective and efficient service. The key challenge for Shared Business Services
will be to ensure standardization can be maximised without compromisidgédety,
nutritional standards and patient satisfact®milar suggestions were also recently re-
ported by Victoria Health (Mtoria Health, 2005). It was stated that the key impediment
to achieving efficiency in most health care foodservice operations is the fact there is no
management framework that sets and drthesoperations of foodservices (Victoria
Health, 2005). Additionally many area head#irvices are operating without financial
and benchmarking data which need to be accelerated in a consistent way across the dif-

ferent area foodservices.



Internationally, and especially in the USA, there has been also a quite severe budget
cut to foodservices (Sherer, 2004). In citigsere there are many hospitals, only the ef-
ficient hospitals are surviving. Many state institutions have seen their kitchens close be-
cause of low efficiency, and major cemfpaoduction facilities have been built to
achieve economy of scale. For example, the State of Tennessee has built a 93.000 square
foot CPU at a cost of $20 million to cater for 49 sites and is managed by Marriott Man-
agement Services (NSW Health, 2006). Thistieeuses extendeddicook-chill tech-
nology and is currently capable of producing 80,000 meals a day (21 million a year).
Another significant factor is that many Area Health Services started to buy some of their
food from commercial providers; this is to assist foodservice operatians tpera-
tional cost and improve the level of production (ADA, 2005).

In summarythere is currently a major controversy over the efficiency of health care
foodservice operations lustralia and the USA. This gvides an additional justifica-
tion for the need of this study. Results cooddused to provide a clearer picture about
the true level of efficiency, and to assiseArHealth Services to take the appropriate

corrective actions regarding the future of some foodservice operations.

1.4 Aim and Obijectives of the Study

The aim of this study is to assess the level of technical, allocative and cost efficiency of
health care foodservice operations.
The specific objectives include the following:
e to estimate and evaluate the production and cost frontier functions using a sam-

ple of health care foodservice operations,



e to compute technical, allocative and cost efficiency and their degree of vari-
ability among the different health care foodservice operations,

e to identify the variables that have influenced the technical and cost efficiency
measures of health care foodservice operations,

e to test the functional form that represents the production and cost frontier mod-
els, in order to avoid any specification error in the estimation of the model,

e to test the for the existence of technical and cost inefficiency in the sample.

1.5 Significance of the study

This study uses a stochastic frontier approach to analyse the level of technical, alloca-
tive and cost efficiency of health care foodservice operations. The results of this study
will be useful in several aspects. First, none of the previous studies that have analysed
the productivity of health care foodservice operations have adopted the methodology
used in this study. Most studies are outdated and limited to partial productivéyneea
or restricted statistical techniques. Therefore, the results of this study will add and com-
plement those studies that have approachegrhductivity of thissector in a limited
setting. Additionally, the model used in this study has the advantage of accounting for
measurement error in the assessment of efficiency, which provides greater confidence in
the interpretation and generalisatiof the efficiency results.

Second, the issue of efficiency takes on added significance in the context of health
care foodservice operations as they face increasing competition from commercial sup-
pliers, which offer similar food productsatcompetitive price. Additionally, most hos-
pitals, especially in the public sector operate within a tight budget and receive continu-

ous pressure from the government to dase operational costs (NSW Health, 2005).



The results of this study should provide foaslg®e operators with an opportunity to as-
sess their level of performance against other competitaigpare-evaluate their man-
agement practices relative efficient producers.

Third, the study also identifies the vatedbthat statistically explain total cost. This
can provide many hospitals- especially those which are currently going through struc-
tural changes and refurbishment to their production departments (e.g. Health Area food-
services reform which is taking place irtStates of New South Wales and Victoria in
Australia) - with the opportunity to assesedt variables that negatively affect total
cost, and to take the appropriate corrective actions if necessary.

Finally, and equally important to the estimation of efficiency, the study alstifielen
the main factors that have bearing on technical and cost efficiency in the health care
foodservice sector. This should provide less efficient foodservice operations with addi-
tional insights on how to improve their level of efficiency and to emphasise management

practices that contribute to higher efficiency.

1.6 Outline of the study

The study is organized in the following manner:

Chapter 2: This chapter provides a review of the literature and gives the proposed study
its relevance by including a summary of the existing literature on the productivity of
health care foodservice operations. The chapter also provides an introduction to the fron-
tier approach to measure efficiency and reviews the theoretical framework for both tech-
nical and cost efficiency.

Chapter 3: This chapter provides a detailed discussion of the empirical methods used in

the study, elabourating on models and pertinent methodological issues. The first part



elabourates on the parametric measurements of technical, allocative and cost efficien-
cies. The second part provides a discusstated to the specifistochastic frontier
models used in this study.
Chapter 4: This chapter presents the results from the estimation of the frontier models
used in this study. The chapter starts witverification of the functional form adopted
in the estimation of the models. The measures of technical, allocative and cost efficiency
are then presented, including a discussion of the factors that exogenously influence these
different types of efficiency.

Chapter 5: This chapter provides a detailed discargielated to the seilts reported in
Chapter 4. The results of the efficiency estimates are first discussed and analyzed. This
is followed by a detailed discussion of the frontier models, including a comparison with
related studies in the health care foodservice area.

Chapter 6: This chapter provides a summary the key findings of the study and pro-

vides recommendations for further research.
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Chapter 2: Literature Review

2.1 Introduction

As was stated in the previous chapter, new incentives and demand for efficiency have
necessitated improvement in financial management of health care institutions. Managers
of hospital foodservice operations are under increased pressure to competadingwi
financial resources, to control costs, and to account for extra expenditures. Foodservice
managers must seek new approaches toawepthe profitability ofoodservice depart-
ments.

Efficiency measurement, which motivatthis study, could be one of the most impor-
tant tools for identifying aresaof cost containment and cost reduction. Before elabourat-
ing further on the concept of efficiency, itilmportant to distinguish at this stage be-
tween productivity and efficiency which are two different methods for measieng t
performance of a foodservice operation. Productivity is the ratio of outputs over inputs
This ratio yields a relative measuremenpefformance that may be applied to any fac-
tor of production. This ratio can be calculated for a single input apadipar by aggre-
gating multiple inputs and outputs. It is, however, more applied to a single production
factor, because of the aggregation problem posed when cowplifierent factors.

Since it is relative measurement, managers usually look for external benchmarks to in-
terpret the productivity ratio. Moreover gite are many alternative productivity ratios
and choosing from among them is somewhat arbitrary. All of these measurement limita-

tions are overcome by the efficiency concept.

11



Efficiency can be defined as relative productivity over time, space, or botlogBar
2005). It relates to the concept of the production possibility frontier and comprises both
technical efficiency and allocative efficiendy production frontier is widely used to
define the relationship between inputs and outputs by depicting grdy tieamaxi-
mum output obtainable from the given inputsisumed. It therefore reflects the current
status of technology available in the industry. As efficiency is a relative measurement
with regard to a production function, a beneétmknis included in its definition, i.e. the
production frontier. This being the case, an external benchmark is not required

Despite these advantages of efficiency measurements, performance measurements in
the health care foodservicalumstry were restricted to a limited number of productivity
studies. Additionally, most measurement approaches were calculated as simple ratios
such as food and labour cost per meal (Clark, 1997; Hong and Kirk, 1995; Mibey and
Williams, 2002) or limited parametric teclynies such as regressianalysis (Clark,
1997). As stated before, these measures of performance are only meaningful when com-
pared to a benchmark, and finding a suitable benchmark (e.g. the number of meals pro-
duced per employee that must be obtainedrbeddirm is regarded as performing well)
may be difficult. Another problem with these measures is that they are calculated using
only a subset of the data available on the firm. This is problematic because a foodservice
operation may perform well using one measure (e.g. energy cost per meal) but badly us-
ing another (e.g. labour cost per meal). What is needed is a single measure of total per-
formance that is more sensitive than partial ratio measures and that can explicitly con-

sider the mix of inputs and outputs provided.
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Efficiency is a performance tool for obtaining such a measure. Two principal ap-
proaches have been proposed in the literature to measure efficiency. These include data
envelopment analysis and stochastic frontier analysis, which involve mathematical pro-
gramming and econometric methods, respectively. Both of these approaches are based
on the concept of relative efficiency originated by Farrell (1957), and attempt to define
variations from an efficiency frontier as sources of inefficiency. In this chapter there will
be a short review of these approaches, along with the different types of efficiency pro-
posed by Farrell (1957). The chapter is didides follows: in the first section, a discus-
sion of the existing productivity studies in the health care foodservice industry is pro-
vided. Analytical foundations of efficiency measurement are discusskd following
section. This is followed by a brief discussion of the frontier measurement approaches.
The chapter concludes with a review of functional forms used in the estimation of t

frontier models.

2.2 Traditional productivity approaches

The measurement of productivity in the health care foodservice sector can be consid-
ered as one of the most difficult in all foodservice segments (Reynolds, 1998). This can
be particularly illustrated by the multiplepats and outputs variables which require ad-
vanced analytical techniques to measure productivity. For example, studies by (Brown
and Hoover, 1990; Clark, 1997; Greathousg @negoire, 1988) identified four inputs
and two outputs. Inputs were number of full- time employees, energy cost, capital and
overheads while outputs were number of meals and patient satisfaction.

Confusion and disagreement over the definition of some of these inputs and outputs

has also created further difficulties (ADA, 2005; Clark, 1997). For example, meals are
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frequently used as an output measurement; however, what constitutes a meal and how
meals should be counted has always been an area of debate. There is no industry-wide
acceptable method for accounting for the number of meals. In Australia, many hospitals
follow the meal unit methodology developedthg Australian Institute of Hospitality in
Health Care (www.ihhc.org.au) which defines an average meal by applying different
weighting coefficients according to the difference in labour and food costs.

When all inputs and outputs have been identified, the measurements of the so-called
environmental variables- the variables that indirectly affect productivity- represent addi-
tional challenges. For example, the type of foodservice system can itself affect opera-
tional costs. There are mainly four types of foodservice systems in operation today, and
each system has certain operational advantages. These are highlighted in Table 2.1.

Low productivity is, for example, inherent within the conventional systesrtalthe
peaks and valleys in demand (Green, 19B8paration is timed t@hen the food will
be served and eaten, thus more labour needs to be scheduled during peak timgs, makin
the cost higher than for any of the atfi@odservice systems (Glew and Armstrong,
1981). On the other hand, the cook-chill system is expected to provide operational sav-
ing as it allows management to allocate staff more accurately as production is designed
to meet future rather than immediate needs. It also allows foodservice providers to create

a ‘bank’ which eliminates the need tamduce additional producthuring peak hours.
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Table 2.1. Advantages and disadvantages of foodservice systems

Foodservice sys-
tems

Definition

Main advantages

Main disadvantages

Traditional cook-
fresh

Food is prepared hot
held for a short pe-

riod of time and then
served to customers

No need for chilling and
reheating

Superior food quality
Less time for tempera-
ture abuse

Less energy consump-
tion

Less '‘in stock costs’

Labour- intensive

High skilled chefs requireg
Potential food safety risks
Affected by level of mar-
ket demands

Food is prepared and
chilled for later re-
heating and service

Wide menu selection
High productivity and
flexibility

Greater risk of food poi-
soning
Large capital investment

U7

Cook-Chill Energy savings demands
Better food quality e High operational standard
Reducing labour costs from both management arj
staff
e Vitamin loss
Using a combina- Long shelf life e High energy usage
Hybrid tion of two or three Wide menu selection
systems Minimal food safety
risks
Recipe modifications
Most cooked menu
items are prepared Cost benefits e Product limitations
External outside the hospita| Reducing labour cost e Low food quality

and brought in

chilled or frozen

Energy savings

Sources(Carroll, 1980; Carroll and Montag, 1979; Jones, 1990; Jones and Huelin, 1990b; Jones and
Huelin, 1990a; Lindstrom, 1990; Rodgers and Assaf, 2006; Rodgers, 2003; Rodgers, 2005b; Rodgers,
2005c; Rodgers, 2005a)

Jones and Huelin (1990a) maintain thatrdal relevance of cook-chill is in the de-

coupling process by which food production @e&ncarried out separately from foodser-

vice customer demand, either in terms of time, or place or both. In empiridigisstu

Snyder et al. (1987) and Brendel et al. @9&fer to the use of cook-chill systems to

increase productivity with less money being spent on employee salaries and s&ff hou
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because fewer employees are required for production, compared to the traditional cook-
ing systems. Also, less equipment is used; therefore a reduction in capital costs can be
achieved with less energy costs also being incurred. Boltman (1975) also proposes the
use of technology to improve human resource productivity. She estimates that a cook-
fresh system requires one worker per 25-60 meals produced, whereas one warker in
cook-chill system can produce 100-140 meals. Several case studies have also empha-
sised the advantages of the cook-chill systena.ifitroduction of cook-chill in an lowa
(USA) hospital has allowed foodservice to cut 9.5 full- time equivalent em@d¢ifa&)

from its 50.9 FTE, as well as achieve reduction in food costs (King, 1989). The conver-
sion from a conventional to cook-chill system at the University of Wisconsin hospital
also resulted in a reduction of staff from twenty- three to four cooks in the paducti
units and nine percent reduction in the cost of producing and serving each patient meal
(Kaud, 1972).

Finally, the use of the external and the hybrid systems is also expected to provide some
operational saving over the cook-fresh systéhe external system allows the downsiz-
ing of the central production, and thus provides further savings especiallyarethef
labour and energy costs, while the main advantage of the hybrid system isltbasit a
foodservice operations to combine the operational benefits of more thapsbem and
offers great flexibility in the mduction area (Nettles et al., 1997). In addition to the type
of foodservice system, other environmental variables such as the age of equipmen
(Brown and Hoover, 1990), quality of labour or skill level of employees (Regrawid
Thompson, 2005) and the degree of readiness of materials (Clark, 1997) might also af-
fect the production process and therefore should be considered in the measurement of

productivity. To illustrate, the relationship between productivity and age of equipmen
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was addressed by Brown and Hoover (1990) who reported that newer equipment is usu-
ally associated with improved productivigimilar findings werelso reported by

Hayes and Clark (1986). Similarly, the degree of readiness of raw material was also con-
sidered by Clark (1997) as an important factor in improving the productivity of hospital
kitchens. Clark (1997) provided a comparison between cook-chill operations (Figure

2.1) that are heavy and medium users of ready food materials and concluded that the use

of cook-chill with prepared vegetables can result in significant gains in productivity.

Hospitals

|

Hospitals

|

High use of prepared
raw materials

Low use of prepared
raw materials

Hospitals

l

|

No-cook-chill

|

Low use of prepared
raw materials

v

;

No-cook-chill

Use cook-chill

Average productivity
20 chefs, 2743 meals

v

Average productivity
20 chefs, 2180 meals

;

Average productivity
20 chefs, 6548 meals

Figure 2.1. The impact of degree of readiness of raw materials on hospital productivity (adapted
from Clark, 1997)

Despite all these aboweentioned complexities, traditionally most of the measure-
ment approaches have been limited to the use of partial ratios and the key performance
indicators (KPIs). Those that are commonly used are meals produced per labour hour
and food cost per meal (Brown and Hoover, 1990; Greathouse, 1987). By definition,

these measures are always only partial in that they do not account for the relationships
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and trade-offs between different inputs antpats. This is a significant limitation in
their application to this field, which typilta involves multiple inputs and outputs. For
example, if labour inputs are replaced by capital inputs, labour inputs are likely to in-
crease while capital productivity declinesv8&el partial productivity measures may be
used collectively to obtain a broad picture of efficiency. However, therietga of a
large number of partial measures will b#fidult to comprehend and interpret if some
indicators move in opposite directions over a given period of time. This reinforces the
values of more comprehensive summary messof efficiency. Partial measures may
provide important information on specific @sps of operations, but it is important to see
how firms are performing overall relative to comparable firms using similar outputs
(Commonwealth State Service, 1997)

In attempting to address the limitatiooisthe partial produtity ratios, Hong and
Kirk (1995) measured the number of meals produced per labour-hours in different hospi-

tal kitchens using a labour productivity indeéXI£N_ /N, ), where N, represents the

adjusted meal equivalents, and calculated using the following formula:

N, = N (weekly patient meals) § (total turnover)q, (average selling price))
and N, represents the total foodservice hours worked in the department including al

direct and indirect time by paid food service employees plus all hours worked by man-
agers plus all hours worked by part- time employees. They reported mean productivity
figures equivalent to 27 i®eals/day/employee, with a range of 18.96.7. Similar
measurement approaches were also used by Ruff (1975) and Mayo et al. (1984). Al-
though it is clear that these approaches provide more accurate and reliable measures than

the simple partial productivity measures as they include a larger group of staff in thei
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calculation; they are nevertheless still lindit® only one area of the operation (e.g. la-
bour). The integration of multiple inputs/outputs and environmental variables is still dis-
regarded, which means it could be misleading to generalise the results of such studies to
all other areas of the foodservice operation.

The application of statistical techniqueshis field is limited to the use of regression
analysis. It is a parametric method thajuiees a general production model to be speci-
fied. Typically, regression analysis takes iatrount a single output or multiple inputs
or vice versa. It can be used in multiple inputs and outputs settings but requires the esti-
mation of more than one equation. Clark (1997) applied ordinarily least square regres-
sion analysis to compare labour productivagtween hospitals using the cook-chill and
conventional systems. He demonstrated that the use of pre-prepared materials (an envi-
ronmental factor by nature), coupled wittok-chill, results in sistantial productivity
gains. There was, however, a high variation of the data around the regression line. The
accuracy of the analysis was affected by the fact that other inputs and outputs (such as
energy and capital costs) weret taken into account. Additially, the use of regression
as a productivity analysis tool can itself lgadnaccuracy in measements as it allo-
cates all the source of variations to inefficiency reasons without separating the random
noise from the genuine trends in the data set.

This above review highlights the need for a comprehensive approach in measuring
productivity in the health care foodservice sector as most of the available methods are
simple and limited owing to the complexities involved. In other fields sueldwasation
(Casu and Thanassoulis, 2006), banks (Luo, 2003), and hospitality (Bell and Morey,
1994; Reynolds, 2003a), researchers overdamémitations of the traditional produc-

tivity approaches through the use of efficient frontier techniques which have the ability
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to benchmark the efficiency of similar organisations by explicitly considering multiple
inputs and outputs. These techniques are based on the concept of efficiency originated
by Farrell (1957) in which the performance of a particular firm is roughly measured by
the deviation form the efficiency frontier,cthis represents the best practice technol-
ogy among all observed firms. In the nexttset a detailed definition of the concept of
efficiency is provided, before briefly discussing the efficiency frontier teghas and

their application to the hospitality industry. fddhat a detailed discussion of these tech-

niques is provided in Chapter 3.

2.3 Definition of efficiency

Discussion of frontiers and efficiency maemment started formallyith the work of

Farrell (1957) who provided computational measures for technical, allocative and cost
efficiency based on original work by Debreu (1951) and Koopmans (1951). Farrell illus-
trated his ideas using a simple example involving firms that use two ingatsi(x,) to
produce a single outpui(Figure 1), under the assumption of constant return to scale (a

proportionate increase in inputs results e $hhme proportionate increase in output).

Isoquant

il
Isocost line W

0
%/q
Figure 2.2. Two-inputs Single-Output Production Technology (Source: Coelli et al., 1998)
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Knowledge of the isoquant of the fully efficient firf@8'(a curve showing the alternative
combinations of inputs which can be used to produce a given level of output, thereby
representing a production frontier) permits the measurement of technical efficiency. If a
given firm uses quantities of inputs, defined by the pBjrib produce units of output

the level of technical inefficiency of that firm could be represented by the didg&hce
which is the proportional reduction in all inputs (i.e. by movement onto the effisen
quant) that could be theoretically achieved without any reduction in output. This is usu-
ally expressed in percige terms by the rat®P/OP,which represents the percentage

by which all inputs need to be reduced to achieve technically efficient produidtien
technical efficiency (TE) ratio for the firm at poiatis most commonly measured by the

ratio:

TE=OB/OP
which is equal to one minlBP/OP It takes a value between zero and one, and hence
provides a degree of the technical efficiency of the firm. A value of one implies ¢hat th
firm is fully technically efficient. PoinR, for example is technically efficient since it
already lies on the efficient isoquant. The technical efficiency ratio of the fiRmsat
OR/ORor unity, thereby implying absolute or relative efficiency (depending upon the
manner in which the efficient isoquant is constructed). If the input priceVkaAid is
known (showing the different combinations of inputs that can be purchasedgivéna

cost outlay), then allocative efficien€XE) at pointP is measured by the ratio:

AE=0C/OB,
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where the distanc€B s the reduction in production costs which would occur if produc-
tion occurred aR — the allocatively and technicgléfficient point,rather tharB — the
technically efficient, but allcatively inefficient point.

The degree of cost efficiency (CE) for the producéd? itgiven by the ratio:
CE= OC/OP,

This measure follows from theterpretation of the distan€&P as the reduction in cost
that would occur if the technically and alltigaly inefficient producer at P were to be-
come both technically and allocatively efficienRatNote that the cost efficiency ratio
OC/OP s the product of the thnical efficiency rati®B/OP and the allocative effi-
ciency ratioOC/OB.

The measurement of cost efficiency necessitates the use of the indirect cost function
which is a dual form of the production frontier. The cost function reflects a behavioral
objective (i.e. cost minimisation) and cartagnt for multiple outputs. Mathematically,

it can be written as:

c(w,q)=minw x| f (x)=q,x=0

wherew = (W, w,,....w, )" is a vector of input prices. The right hand side of this equation

says search over all technically feasible input-output combinations and find the input
guantities that minimise the cost of producopgWe have used the notatia{w,q) on

the left hand side to emphasise that this minimum cost value varies with variations in
w andq .

To be consistent with economic theory, a cost function must satisfy the following pro

erties (see Coelli et al., 1998):
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1. ¢(w,q)>0vw>0andy> 0O

2. c(w',q)=>c(w,q) forw>w

3. ¢(w,q)is concave and continuous v

4. c(tw,q) =tc(w,q) fort>0

5. c¢(w,q")>c(w,q) forqg'>q
where:
Property 1 simply states that it is not pb$sito produce a positiveutput with no costs,
as follows from the assumption that at least one input is required to produce an output.
Property 2 states that cost will increase when at least one input rises and the others do
not fall.
Property 3 states that when input prices increase, the cost will increase at most by an
amount obtained by multiplying the inputs wilie new prices, i.e. in a linear way.
Property 4 is called the linear homogeneity problem (or homogeneity of degree one) and
states that, when all prices change proportionally, then total costs will also change in the
same manner.
Finally property 5 states that costs cannot decrease as output increases

A firm will fail to achieve a cost minmagion by being technically inefficient, alloca-

tively inefficient or both. If the firm usemn excess amount of inputs without getting
maximum output, such a firm is not minimising its cost and it is technically inefficient.
If the firm uses its inputs in wrong proportions given input prices, it will fail to &ehie

total cost minimisation, and will certainly blogatively and costly inefficient.
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2.4 Approaches to measure efficiency

Following Farrell (1957), the measuremengfiiciency and the estimation of frontiers
have developed extensively over the past two decades. The non-parametric and the pa-
rametric approaches are the two most important methodologies used in this respect. The
nonparametric approach constructs a frontier and measures efficiency relative to the con-
structed frontier using linear programming techniques. The approach goes tisejuen
the descriptive title of ‘data envelopment analysis’ (DEA) and was first developed by
Charnes et al. (1978). It involves the use of linear programming for the construction of
the efficiency frontier. The relative efficiencies of firms is assessed by comparing all
sets of inputs and outputs into a single measure of productive efficienog takalue
between zero (indicating poor efficien@nd one (indicating maximum efficiency). In-
stead of a pre-specified functional form, the frontier is convex shaped and based on the
construction of piece-wise linear comatiions of the most efficient units.

DEA is popular in the literature as it cegadily incorporate multiple inputs and out-
puts, and it does not require a prior specification of the functional form between inputs
and outputs (Banker and Thrall, 1992). However, it also has several limitations that one
may encounter in conducting an efficiency gs. Its main problem is that it is a de-
terministic rather than a statistical technigunel, therefore, is sensitive to measurements
error.If one organisation’s inputs or outputs are underestimated or overestimated, then
that organisation can become an ‘outlier’ thighificantly distorts the shape of the fron-
tier and reduces the efficiency score of other organisations included in the sadgie. A
tionally, DEA scores are sensitive to input and output specification and the size of the

sample. Increasing the sample size will tend to reduce the average efficiency scores, be-
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cause including more organisations provides greater scope for DEA to fiite siom-
parison partners. Conversely, including too few organisations relative to the number of
outputs and inputs can artificially inflate the efficiency scores.

These above limitations make the use of DEA unfavorable in many situations, espe-
cially in cases where data are heavily influenced by noise and measurement errors. An
alternative approach to the solutiontloése problems has, however, been widely
adopted. This is the method known as the sttah&ontier approacfSFA). In contrast
to DEA, the great virtue of SFA is thatot only allows for measurement of ineffi-
ciency, but also acknowledges the fact that random shocks outside the control of pro-
ducers can affect the level of output. The essential idea behind SFA is that the error term
is composed of two parts; one part of the error is assumed to follow a symmetric distri-
bution (usually the standard normal) and toteeprandom error; the other part reflects
inefficiency and is assumed to follow several common distributions such as half-normal,
truncated and exponential distribution. Aseault, the SFA-based model yields techni-
cal, allocative and cost efficiency that are free from distortion and statistic noise inherent
in the deterministic DEA models (Ferrier and Lovell, 1990). Practical illustrations of the
conventional stochastic frontier models carfdaend in Anderson et al. (1999a), Chen
(2006), Dolton et al. (2003), Tingley et €005) and Cullinane et al. (2006). The SFA
is not however without limitations. One of the major limitations ised to imposa
priori sampling distributions on the inefficiency term of the composed error term that
characterises the SFA models. Recently, several researchers have overcome this problem
(Koop et al., 1997; Van den Broeck et al., 1994) by estimating the stochastic frontier in a

Bayesian framework. In doing so, they treat uncertainty concerning which sampling
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model to use by mixing over a number of inefficiency distributions with posterior model
probabilities as weights.

In summary, as has shown above, dachnique has its advantages and disadvan-
tages. There is no approachtis strictly preferable tany other. However, the overall
agreement, apparent in the literature, & these (SFA) techniques are more powerful
and comprehensive than partial productivity approaches. This study is the first to apply
the frontier approach to the area of health care foodservice operation. To the author’'s
knowledge, there is no prior research thddpted these techniqueghis area, despite

being heavily applied in related industries such as hotels and tourism (see Table 2.2).

Table 2.2 Literature survey @bntier models on hospitality

Study Approach Sample Inputs Outputs
Bell and Morey DEA 31 corporate 1) Actual level 1) Level of service
(1994) travel of travel provided qualified
departments expenditures as excellent or
2) Nominal level average
of other
expenditure
3) Level of
environmental
factors

4)Actual level of
labour costs

Johns et al. (1997) DEA 15 hotels over 1) Number of room 1) Number of room
a 12 month nights available nights
period 2) Total labour hours

3) Totalfood and
beverage costs
4) Total utilities

costs
Andersonetal. SFA 48 hotels 1) Number of full- time 1) Total revenue
(1999a) equivalent employees

2) Number of rooms
3) Total gaming-
related expenditures
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4) Total food and
beverage expenses
5) Other expenses

1) Total air expenses

2) Hotel expenses

3) Car expenses

4) Labour expenses

5) Hourly labour

6) Part-time labour

7) Fee expenses

8) Technology costs

9) Building and
occupancy expenses

DEA and SFA 31 corporate
travel
departments

Anderson et al.
(1999b)

Fll- time equivalent
employees
2)Numberof rooms
3) Total gaming-

Randy et al.(2000) DEA 48 hotels

related expenditures

Table 2.2 continued

4) Total food and
beverage expenses
5) Other expenses

53 Taiwan hotels 1) Total operating
expenses
2 The number of
rooms occupied
3) The total floor
Space of catering
4) The number of
employees in the
room division
5) The number of
employees in the
catering division
6) Catering cost

Tsaur (2000) DEA

1) Median price
2) Problems (defined
in a 4 point scale)
3) Service
4) Upkeep
5) Rooms

Brown and Ragsdale DEA 46 US hotels

(2002)

27

1) Number of trips

1) Total revenue
2) Other revenue

1) Total operating
revenue
2) The number of
employees
3) Average daily rate
4) Average production
value @imployee
in the catering
division
5) Total operating
revenue of the
room division
6) Total operating
revenue of the
catering divisio
) Room revenue

1) Satisfaction
(defined on a 100

point scales)

2) Valuedaefia

5 point scale)



Hwang DEA
and
Chang (2003)

Barros (2004) SFA
Reynolds DEA
Thompson

(2005)

Table 2.2 continued

Barros (2005) DEA

Sigala et al. (2005) DEA

Reynolds

and Thompson (2005) DEA

Fei-Ching et al. DEA
(2006)

45 hotels 1) Full- time 1) Room revenues
equivalent equivalent 2) Food and beverage
employees Revenues
2) Guest rooms 3) Ogerating revenues
3) Total space
4) Operating expenses
43 hotels 1) Price of labour 1) Sales

62 restaurants

43 hotels

B8tels

2) Price of capital
3) Price of food

1) Server wage
2) Seats
3) Square footage
4) Server count
5) Server hours
6) Parking

1) Full-time workers
2) Cost of labour
3) Rooms
4)Surfaceareaof

the hotel
5 Book value of

property
6)Operationakosts
7)Externalcosts

1) Rooms division
payroll
2) Rooms division
total expenses
3) Front office payroll

2) Number of nights
edccupi

1) Sales
2) Tips
3) Turnover

1) Sales
2) Number of guests
3) Nights spent

1) Non food and Lock
beverage revenue
2) Average room rate
3) Room nights
4) Non- room-nights

4) Administrative material neve
and other expenses
5) Total demand variability
beverage total

38 restaurants 1) Front of house 1) Sales
hours worked per 2) Customer
day during lunchtime satisfaction

2) Front of house
hours worked during
dinner per day

3)Uncontrollableinput

4)Numberof competitors
5)Seatingcapacity
25 Taipei hotels 1) Rooms 1)Yielding index
2) Food 2) Food revenue
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3) Beverages 3) Beverage revenue

4) Number of employees 4) Miscellaneous
5) Total cost revenue
Perez-Rodriguez ~ SFA 237 hotels and 1) Annual cost 1) Operating
and apartments 2) Annual annual
Gonzalez depreciation revenue
(2006) 3)Annual

financial expenses

Chen (2006) SFA 55 Hotels 1) Price of labour 1) Total revenue
2) Price of food 2) Occupancy Rate
and beverage 3) Production value
3) Price of materials of unit catering
space
Koksal and Aksu DEA 155 group travel 1) Number of staff 1) Number of
(2007) agencies 2) Annual expenses customers
3) Having service potential served

2.6 Functional forms

In the previous section, different concepts of efficiency were introcarogads dis-
cussed, the measurement of efficiency is based on the theory of production and cost
function. It is, therefore, important to review of the functional forms used in the estima-
tion of the production and cost frontier models before discussing the methodological as-
pects of the study in Chapter 3.

There are varieties of functional forms in the current literature and the selection of the
correct functional form is critical beforedlestimation of the model. The functional
form differ in many features and the selection criteria is sometimes difficult, since the
true shape of the production or cost fiime is unknown and can only be approximated.
Many of the proposed functions have restrictive properties which mean they can not be
tested. The Cobb-Douglas cost function,deample, possesses the property of a con-
stant elasticity of scale. Therefore, it is not possible to test within the Cobb-Douglas

framework whether different firms possess different values of scale economies. Conse-
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quently, less restrictive functional forms have been proposed. Unfortunately; the i
creased flexibility is almost always linkeddagreater need for information. The trans-
log, for example, is a more flexible fortman the Cobb-Douglas, but for proper estima-
tion more observations are needed because of the increased number of parameters to be
estimated. Even when such observationsasagable there is no guarantee that advan-
tages can be drawn from estimating a maegilfile form, due to the problem of multi-
collinearity.

In the following sections, the Cobb-Douglland the translog functional forms, two of
the most common functional forms currently used, are discussed. Table 2.3 provides fur-
ther details about functional forms. Varian (1992) discusses and highlights common
functional forms. The Cobb-Douglas is introduced because it is relatively easy to est
mate and the results are easy to interdite¢. translog is a generalisation of the Cobb-
Douglas form, where less restrictive asstions about the production technology are

made. Amongst other things, it allows us to estimate first-specific scale economies.

2.6.1 Cobb-Douglas functional form

The Cobb-Douglas functional form has beepular in the empirical estimation of the
frontier model. This is due to the fact thla¢ Cobb-Douglas functiois easy to estimate
and a logarithmic transformation makes the model linear in logarithm of the inputs.
Also, the Cobb-Douglas form is self- dual which means that associated function form
has the same functional form (Varian, 129ehe cost function has the following func-

tional form:

C=a01M[q5']ﬁ[wﬁ , 6,3 >0Vi, (2.1)
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or when taking the natural logarithm it is written as:

M N
INC=Inay+Y 5Inq+> AlInw
i=1 i=1

whereC stands for costg, for the different outputsy for the input prices, and tide
and S symbolise the parameters to be estimated.

The Cobb-Douglas is only homogenous of degree one in input prices if

N
Z,Bi =1. This restriction can be imposed iretestimation of the cost function by di-
i=1

viding the input prices and the cost by one of the input prices or by imposing soane line
restriction in the estimation (Greene, 2000). One last feature of the Cobb-Douglas form

is that is exhibits a constant value of economies of scale, which can be aXpresse

M M
asR =1/)_¢, . Depending on the value df 5 , the underlying technology exhibits in-

i=1 i1
creasing, constant or decreasing return to scale depending on the sarapuosil-

eration.

2.6.2 Translog functional form

Another class of logarithmic functional fosris the translog class. This class general-
ises the Cobb-Douglas functional form by adding quadratic terms to the log-linear terms
that are in the Cobb-Douglas function. The addition of quadratic terms is an approach
used by flexible functional forms. The ide&flexible functionalforms is to specify
functions that have as many free econometric parameters as there are independent eco-
nomic parameters that need to be estimated. In general, a translog cost ftantioe

expressed as follows:
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INC(q, W) = a0+z,8 In WiZZgJ In win vy

M

M

i=1 j=1
N M

Z In q+;zle Ingin g+> >'¢ In win q

i=1 j=1 i=1 j=1

(2.2)

where C stands for costg for the different output characteristiesfor the input prices

and the Greek letter represents the parameters to be estimated.

Table 2.3. Some Common Functional Forms

Linear

Cobb-Douglas

Quadratic

nlml

Normalised quadratic

Translog

y= exp(ﬂo+2ﬁ Inxn+222ﬁnm Inx, Inx j

n=1m=1

Generalised Leontief

constant Elasticity of Sub-
stitution (CES)

32



Compared to the Cobb-Douglas form, it can be seen that this functional form uses many
more parameters, and this might cause some problems of multicollinearity. The function
also needs an increased amount of observations to maintain the same degree of freedom.

Note as well that the translog is a specésde of the Cobb-Douglas cost function in

which:
f, =0
5, =0
73 =0

Because these are just restrictions on the coefficients of the translog model, it is possi-
ble to test whether the specialisation te @obb-Douglas is supported by the data.
As it is the case with the Cobb-Douglas cost function, linear homogeneity must be im

posed on the translog model. The restrictions can be written as:

> -1

=1

ﬁij:O

N
i=1

5, =0

N
i=1

will ensure a translog function is linearlyrhogenous in input prices. These restrictions
are implemented by either dividing the costs and the prices by one price or estimating

the function by enclosing the linear restriction in the estimation.
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2.6.3 Criteria for selecting a functional form

The different functional forms have been introduced and discussed in the previous sec-
tion. A researcher with npriori knowledge about the true functional form of the model
being estimated needs to develop a good understanding of the functional form that can
satisfy the required conditions. The selection of the appropriate functional form should
also be tested after estimation. In the ecoridoerature, several statistical tests have
been developed which can further assist in selecting the most preferred functional form.
To further clarify the above, we review in this section a sebnoflitions which should
be met by a potential functional form.

Coelli et al. (1998) emphasised the impade of finding a functional form, and high-
lighted a set criteria which should be met prior to choosing a suitable functional form.
According to them, a functional form should meet the following conditions:

e theoretical consistency
o flexibility
e parsimony

Theoretical consistency means that ational form should be able to display the
theoretical properties required by economic theory. In the case of a cost function, these
conditions are that homogeneity is of degree one, non-decreasing and concave in inputs
and non-decreasing in output. All the functional forms in Table 2.3 with the exception of
quadratic meet this requirement.

The next criterion is flexibility; a functional form is said to be first-order flexible if it
has enough parameters to provide a first-order differential approximation to an arbitrary

function at a single point. Second-order flégibas enough parameters to provide a sec-
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ond-order approximation. The linear and Cobb-Douglas forms are first-order flexible,
while the remaining functions listed in Table 2.3 are second orders flexible. Usually, a
second-order flexible form is preferred. However, increased flexibility comes at a cost,
there are more parameters to estimate, and this may give rise to problems of multicol-
lenearity.

The principle of parsimony implies that the simplest functional form that “gets the job
done adequately” should be chosen. Particularly, this means that its unknown parameters
should be easy to estimate from the data. fdgsires that the functional form is linear
in the parameters (possible after taking tigatithm), and if there are restrictions on the
parameters they too should be linear. Both the Cobb-Douglas and translog cas-be tra
formed to linear functions after taking the logarithms of both sides of these functions.

Sometimes, the adequacy of a functional form can be assessed prior to the estimation.
For example, the Cobb-Douglas functional fasnmadequate for situations where elas-
ticities may vary across data points (the Cobb-Douglas elasticities are constant), and
both the Cobb-Douglas and the tanslog functions are problematic when therdailasco
zero because this make it impossible to construct the logarithm of the variables. How-
ever, model adequacy is often determined after estimation by conducting residual analy-
sis (i.e. assessing whether residuals exhibit any systematic patterns that are indicative of
a poorly chosen function), hypothesis testing, and calculating measures of goodness-of-

fit.

2.7 Summary

This chapter highlights the need for a comprehensive approach in assessing the effi-

ciency of health care foodservice operatiddespite the complex setting of these opera-
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tions, efficiency measurement approaches Haman limited to partial ratios or limited
parametric techniques. These traditional approaches cannot capture the interaction of
numerous parameters affecting efficiency. tBa other hand, efficiency frontier tech-
niques offer the total measure of performance. They can account for the multiple input
and output settings for the health care f@pdise operations and allow a comprehensive
productivity evaluation. These techniques can be divided into two categories, DEA and
SFA. The former uses linear programming to derive an aggregate productivity score,
while the latter is a parametric techniquatttakes into accounlhe measurement error
in the estimation of efficiency.

In the next chapter, a detailed explanation of the efficiency frontier techniques includ-
ing their advantages and disadvantages is provided. This is followed by a description of

the specific frontier modelssed in this study.
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Chapter 3: Methodology

3.1 Introduction

Following the review of efficiency in the previous chapter, this chapter provides a de-
tailed discussion of the frontier techniques used in the estimation of efficiency. In con-
trast to the traditional productivity approaches, these techniques benchmark the effi-
ciency of similar organisati@by explicitly considering multiple inputs and outputs.

Coelli (1995) presents two reasons to estinfieontier functions, rather than average
functions, which are conventionally estit@d by the ordinary least square (OLS)

method. First, the frontier function is consistent with a theoretaksentation of pro-
duction activities which is derived from aptimization process. For example, the pro-
duction function consists of a series of outputs attainable, given differebtraimn of
inputs, while a cost function is represented by a frontier derived from optimisation. Sec-
ond, the estimation of frontier function provides a tool for measuring ticeeaty level

of each firm within a given sample.

In estimating frontiers, researchers have taken either a parametric or non-parametric
approach, using either deterministic or stochastic estimation methods. The parametric
and non-parametric approach differs in three respects. First, the non-parametric ap-
proach does not impose a functional form on the data. Second, it does not make assump-
tions about the distribution of the error term representing inefficiency. Lastly, the esti-
mated non-parametric frontiers have no diatsproperties on whitto be gauged. The
overall agreement in the literature is that there is no approach that is strictly preferable to
any other. A careful consideration of themilo data set utilised, and of the intrinsic

characteristics of the industry under analysis, will help the researcher in the correct im-
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plementation of these techniques. In thiesegiuent sections, an overview of both ap-
proaches is provided. A more detailed discussion is, however, given to the parametric
approach as it was selected fioe estimation of the frontier model used in this study, for
reasons described later in the chapter.

The chapter is organized as follows: the first section provides a brief overviesv of
non-parametric approach. This is followed by a detailed discussion of the parametric ap-
proach and its extension to accommodate for environmental variables. The available
methods to estimate allocative efficiency are also discussed. A detailed discussion of the
application of the frontier approach to thedebused in this study is then provided.
Coupled with this discussion is an analysis of the functional form used for the estimation
of the production and cost frontier models and an overview of the sourcesrestidic-

tion of data used in this study.

3.2 Nonparametric approach to frontier analysis

The nonparametric approach construdtemtier and measures efficiency relative to
the constructed frontier using linear programming techniques. The most used non-
parametric approach is known as ‘data envelopment analysis’ (DEA) and was first de-
veloped by Charnes et al. (1978). The first DEA model proposed by Charnes et al.
(1978) assumed constant return to scale (CRS) so that all observed production combina-
tions can be scaled up or down proportionally (see Figure 3.1). Subsequent papers have
considered alternative set of assumptions such as Fare et al. (1983) and Banker et al.
(1984), in which variable return to scale (VRS) models are proposed.

A DEA model can be written as a serie&dinear programming problems with the

constraints differentiating between the DEA-CRS and DEA-VRS models as shown in
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(3.1) to (3.5):

max;, ¢

6.1
Subjectto -¢q,+QA =0 B.2)
X,-XA12>0 B.3)

A>0 (DEA-CRS) (3.4)

I11=1 (DEA-VRS) (3.5)

where ¢ is a scalat} is a | x1vector of constants, is an output vector for thie-th

firm, Q is the matrix of outputs for all firms, x;is an input vector for thieth firm,

andX is the matrix of inputs for all firms. The value of obtained is the efficiency

score for the-th firm where X ¢ <o, and¢ -1is the proportional increase that could be
achieved by theth firm, with input quantities held constant. Note thap defines a
technical efficiency score which varies between zero and one. Irpchae a value

equal to one, the firm lies on the frontier amdonsidered fully eftient. Essentially the
optimization process maximizes the proportional increase in the output vector while re-
maining within the envelopmenpace or efficient frontier.

The shape of the frontier will differ depending on the scale assumptions thdinender
the model. The restrictioiA = 1 imposes variable returns to scale. In contrast, exclud-
ing this constraint implicitly imposes constant returns to scale. The difference is that the
model with VRS creates the frontier as a conlvelk of interesting planes, in contrast to
the model with CRS which forms a conical hull. Thus, the VRS model envelops the data
more tightly and provides efficiency scores that are greater or equal than those of the
CRS model (Banker et al., 1984). Note that the VRS model also ensures that an ineffi-

cient firm is only ‘benchmarked’ against hospitals of similar size.
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Labor cost per
meal

0 1 2 3 4 5 Food cost per meal

Figure 3.1. CRS DEA model

Note: Figure 3.1 plots the efficiency frontier which is the set of all points (hospitals) that are fully effi-

cient; e.g. hospitals 1 and 3 are fully efficient (because they lie on the frontier); however, hospitals 2 and 4
lie to the northeast of the frontier and are regarded as inefficient. Hospital 2 could reduce its both inputs by
about 30% before it would reach the efficient frontier at point A

In general, the main advantages of DEA are that it can readily incorporate multiple in-
puts and outputs, and it does not require a prior specification of the functional form be-
tween inputs and outputs (Banker and Thrall, 1992). This makes it suitable for several
applications including healthcare such as hospitals (Giokas, 2001), education such as
schools, universities (Abbott et al., 1998), banks (Luo, 2003), and the hospitality indus-
try such as hotels and tourism organisations (Bell and Morey, 1994; Reynolds, 2003b).
However, like any empirical technique, DEA is also based on a number of simplifying
assumptions that need to be acknowledged when interpreting the results of DEA studies.
DEA’s main limitations include the following (Banker and Thrall, 1992, Cooper et al.,
2000):

e Itis a deterministic rather than a statigtitechnique and, therefore, is sensitive
to measurements errdf.one organisation’s inputs or outputs are underestimated
or overestimated, then that organisation can become an ‘outlier’ (a data point that

is located far from the rest of the data) that significantly distorts the shape of the
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frontier and reduces the efficiency score of other organisations included in the
sample.

It does not provide the means for hypothesis testing regarding the presence of in-
efficiency or the structure of the production technology. This is because mathe-
matical programming techniques have estimators with unknown statistical prop-
erties.

DEA scores are sensitive to input and output specification and the size of the
sample. Increasing the sample size will tend to reduce the average efficiency
scores, because including more organisations provides greater scope for DEA to
find similar comparison partners. Conversely including too few organisations
relative to the number of outputs and inputs can artificially inflate the efficiency

scores.

These above limitations make the use of DEA unfavourable in many situations, espe-

cially in cases where data are heavilyueficed by measurement errors. An arguably

better approach is to estimate the frontier parametrically as this would account éer sour

of variations in the data and therefore provides additional evidence on the true structure

of the efficiency frontier.

3.3 Parametric frontier techniques: cross sectional framework

In termsof a cross-sectional production function, a parametric frontier cagpbe-

sented as

Ing =x -y (3.6)
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where g represents the output of théh firm; x, is a K x 1 vector containing the loga-
rithms of inputsg is a vector of unknown parameters, ant a non-negative random
variable associated with technical inefficiency. This restriction imposed(an> 0)

guarantees that technical eféacy is less or equal to one.
Once the production function has been parameterized; both goal programming and
econometric techniques can be used to either calculate or estimate the parameters of this

model and to obtain estimateswfind so of technical efficiency. Goal programming

techniques calculateghtechnology parameter vector by solving deterministic optimiza-
tion problems. Aigner and Chu (1968) and Timmer (1971) are some of the most relevant
references in this area. The major problem whith approach is that the parameters are
calculated (using mathematical programmi@chniques) rather than estimated (using
regression techniques) which complicates the statistical inference concerrsatgthe
lated parameter values (Kumbhakar and Lovell, 2000).

Due to these problems, econometric analysis of frontier functions becpuaiarpo
the estimation of efficiency (Kumbhakar abaolvell, 2000). A wide literature related to
the estimation of frontier functions has pretdited over the last three decades. These
attempts can be classified into two main groups according to the specification of the er-
ror term, namely deterministic and stochastic econometric approaches.

The deterministic econometric appro&echploys the technological framework previ-
ously introduced by mathematical programming approaches. With the econometric for-
mulation, parameters are estimated rather tdadoulated so it is possible to draw statis-
tical inferences. Several techniques such as ‘Corrected Ordinary Least Squares’ (Afriat,

1972), ‘Modified Ordinary Least Squares’ (Richmond, 1974) and ‘Maximum Likelihood
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Estimation’ (Greene, 1980) have been devaldpeestimate these deterministic frontier
models.

Unlike the mathematical programming approaches, the deterministic econometric
model accommodates economic efficiency as an explicative factor for the output varia-
tion, but still does not account for the measurement and other sources of statistical noise.
Therefore, a problem with both the deterministic approach and the linear programming
is that they assume that all deviations fribra frontier are a result of technical ineffi-
ciency. This might consequently lead to an inaccurate measure of the productive struc-
ture. An obvious solution to this problem is to introduce to equation 3.3 another random
variable that accounts for statistical noise. The resulting frontkeroiwn as ‘stochastic

frontier’, and it will be discussed in detail in the next section.

3.3.1 Stochastic frontier production models

Aigner et al. (1977) and Meeusen and van Den Broeck (1977) simultaneously pro-
posed the stochastic frontier production model that, besides incorporating the @fficien
term into the analysis (as do the deterministic approaches), also captures the effects of
exogenous shocks beyond the control of producers. Moreover this type of model also
covers errors in the observations and in the measurement of outputs.

The model was called stochastic frontier because the output values is bounded from

above by the stochastic (i.e. random) variaétp(x £ + v, )rather tharexp(x 4 ) the de-

terministic frontier. These important featuregtod stochastic frontier can be illustrated

graphically. To do so it is convenient to restrict attention to firms that produce output

g, using only one input.
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For the Cobb-Douglas case and in logarithmic terms, the single output stochastic fron-

tier (Coelli et al., 2005) can be represented as:

Ing =, + A Inx+v —u (3.7)
or q =exp(ﬂo+ﬂ1 |“>$ +V, —U ) (3.8)
or g =exp (B, + S, Inx )x expy; k expf ) (3.9)
determnistic noise inefficiency

component

The frontier is depicted in figure 3.2. The teym-y is a composed error term where
v represents randomness (or statistical noise)uargpresents technical inefficiency.

The error representing statistical noise is assumed to be identically indepemident an
identically distributed. Values of the inputs are measured along the hatiaaig and

values of outputs on the vertical axis. Firm A uses the input bexel produce the out-
putq, , while firm B uses the input leve{; to produce the outpui, (the observed val-

ues are indicated by the points marked wi)h“If there were no inefficiency effects

(i.e., if u,=0 andu,=0) the so called frontier output would be:

q; = exp(ﬂo +p, Inx, +v,) and q; = exp(ﬂo + B, InXg +Vg)
for firms A and B respectively” (Coelli et al., 2005, p.243). These frontier values are in-
dicated by the points marked wiéhin figure 3.2. The values of the observed outputs

will be above the deterministic frontiervf > y and below the frontier if <y, (i.e.

g >exp(xB)if v >y andq <exp(x4)if v <y).
With this specification of the production frontier, one can derive an outputextie
measure of technical efficiency. The most common measure is the ratio of the observed

output to the corresponding stochastic frontier output:
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TE — (':Ii — eXp(Xﬂ+\4 _ui ):
expxB+v)  expkB+vy)

expEu ) (3.10)

This measure of technical efficiency can take a value between zero aqdak®s its
maximum value if, and only ifTE =1. Otherwise TE <1 provides a measure of the

shortfall of maximum output to observed output in an environment characterisemt by

chastic elements that vary across producers.

y deterministidrontier

A} =exp(B,+ A, Inx)
Op = XP(B, + By INX, +V, )[ 7777 ®

q; EeXp(,BO+,Bl lnXB+VB)
Oz =exp(B, + B, InXg + Vg —Ug

da =eXp(B, + B, InX, +v,—U,

XA XB )ﬂ

Figure 3.2. The Stochastic Production Frontier (Adapted from Coelli et al., 1998)

As described above, the estimation the technical effici@iigyshould first start with the

estimation of the stochastic production frontiezdel 3.7. In additionthere is a need to

obtain estimates of the term representing inefficiency. To achieve this objective it is
required that separate esttes of statistical noise and technical inefficiency, are

extracted from estimates ef =v, —y for each producer. This requires distributional
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assumptions on the two error components. Ther eepresenting statistical noise is gener-
ally assumed to be noathy distributed. With respect to the inefficiency error, a number

of distributions have been assumed in the literature- the most frequently used are the half-
normal, exponential and truncated normal.

In general, the main assumptions ofst@chastic frontier model described in equation

3.7 are:
E(v)=0 (zero mean) (3.11)
E(V) =0’ (homoscedastic) (3.12)
E(vv)=0foralli=j (uncorrelated) (3.13)
E(f) = constant (homoscedastic) (3.14)
and E(yy)=0for alli=j (uncorrelated) (3.15)

Given these assumption, the parameters of the stochastic frontier can be estimated us-
ing either the maximum-likelihood (ML) method or using a variant of the corrected or-
dinary least square method (COLS), suggebiethe Richmond (1974) method, which
requires numerical maximization of the likelihood function. The ML estimator is, how-
ever, asymptotically more efficient than @OLS estimator. Therfite sample proper-
ties of the half-normal frontier model wererestigated in the Monte Carlo experiment
in Coelli (1995), in which the ML estimator was found to be significantly better than the
COLS estimator. Coelli (1995) advises thia ML estimator should be used in prefer-
ence to the COLS estimator when possible.

The basic elements for obtaining the Mtiraator for the parameters of the stochastic

frontier model are now discussed. As ddsedi above, the stochastic frontier is com-
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posed of two error terms. The random error termhich usually follows a normal dis-
tribution and the inefficiency error term which can follow a number of different dis-

tributions (half-normal, truncated and exponaijtiln this discussion only the truncated-
normal distribution is discussed for reasons described later in the chapter. For details of
other distributions, see Appendix 1.

Stevenson (1980) introduced the truncated formulation of the frontier model. In his

formulation the following assumptions are made:
i) v 0 iidN(0,57)
ii) u, [ iidN"(x,02), that is non-negative half normal

iif) v and u. are distributed independently of each other and of the repressors.

The truncated normal distribution assumedudaeneralizes the one-parameter half

normal distribution (See Appendix 1), by allowing the normal distribution, which is
truncated from below at zero, to have a non-zero mode. Thus, the truncated distribution
has an additional parameter to be estimated (its mode) and consequently provides a more
flexible representation for efficiency in the data.

The density function for is given by:

f(v)= > 1 exp{ ;2} 3.16)

0,

The truncated normal density function igr> 0 is given by:

_ 1 o) (U—p)?
f(ui)—@q)(ﬂ/%) exp{ 207 } B.17)

whereu is the mode of the normal distribution which is truncated from below at rero. |

contrast to the normal distribution, the truncated normal distribution is a two- parameter
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distribution depending on placement spreaohd o, . The joint density function of

u, andv, is the product of their individual density function:

f(u,v) = ! exp{—(u_’u) —"—22} (3.18)

2n0,0,0(-ulo,) 202 202

and the joint density ofl ande is given by:

fue)= 1 ex%—(_“_”) _(e+y) } (3.19)

2n0,0,0(-uloc,) 207 257

Hence, the marginal density efis given by

_ = u ) ol (e+p)
f(e;")—\/an)(’ulau).CI)(U/1 Uj.exp{ 552 }

:1_¢(8+Uj.®[i_ﬁj_{q)[_ﬁﬂ_ (3.20)
o o ol o o,

whereo = (o7 +07)"?,A=0,/0,, and®(.)and #(.) are the standard normal cumula-

tive distribution and density functions. Thus, in addition to the standard deviation
parameters, and o, , the truncated normal distribution for the stochastic frontier has a
placement parametey; , that signifies the difference between the truncated-normal and
half-normal marginal density functions. Af=0, its marginal density function reduces to

the half-normal marginal density function (See Appendix 1).

The marginal density functiofi (¢) is asymmetrically distributed with mean and vari-

ance
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E(gi)=E(u)=”—aia.exp{1(£]} (3.21)

2 J2r 2 o,
a a al r—a
V(e)=u?Z|1-Z |+ 2| Z—" 6% +02 3.22
&)= u 2[ 2} 2( - jau o 6.22)

respectively, whera=[ ®(u/o, )]_l
The normal-truncated normal contains three parameters, a placement patandter
two spread parametessando, .

The log likelihood of a sample dfproducers is given by:

In L = constant -In o — IIn@[iJ+Z®[i—ﬁ]—iZ(q+ﬂJ (3.23)

Oy

Where o, = Ao\1+ A*

Employing the first-order conditions of theg likelihood maximization enables an esti-
mation of the frontier parameters. These estimates are considient aso .
Once the parameters are estimated, the interest centers on the estimation of inefficiency

u . The estimate of, =v, —y obviously contains information o . However, the
problem is to extract the information thgicontains onu, . A solution to this problem is
obtained from the conditional distribution afgivene, , which contains whatever
information & contains concerning .

The conditional distributionf (u, / ¢ ) is given by

_ 1 .exp _(u_[,) B
\/EG* [1_CD(_,[1 /o, )] 207
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where i = (-0’ + uo?)l o? ando’? = oo’/ o?. Since f ¢ k )s distributed

asN*(i,07), the mean of this distribution can be used as a point estimator Tdris
is

given by:

A, #ale)
E(u/g)=o0. L_* +1—®(—[zi Io J (3.25)

Finally, points of estimates of technical efficiency can then be obtained from:

TE =exp{-E(y /¢ } 3.26)

3.3.2 Stochastic frontier cost models

The previous section showed how technical efficiency can be estimated by estimating a
production function. If price data are available and it is reasonable to assume firms
minimise costs, the Aigner et al. (1977) mlockn be extended to estimate the economic
characteristics of the production technology and to predict the cost efficiency using a
cost frontier. In the case of cross-sectional data, the cost frontier model can be written in
the general form:

Inc =Inc(q,w)+v+y (3.27)

wherec, is the observed cost for firm(i =1...N ), g is a vector of outputw is a vector
of input prices for firmi, u is a one-sided error term (i.@ositive for cost frontiers)
representing cost inefficiency, js a two-sided random error accounting for variation in

costs due to stochastic factocq, w)is the deterministic part of the cost equation, and

c(q,w) € is the stochastic cost frontier.

50



If it is assumed again that the above equation takes the log linear Cobb Douglas func-

tional form, then the stochastic frontier model can be written as:
N M
Inc :ﬁ0+Zﬂn Inwm+2¢mlnqmi+vi +U, (3.28)
n=1 m=1

This cost frontier must be linearhomogenous in input prices i.e.

c(q.Aw;B8)=4d q, w;8) for >0 (for details see Coelli et al., 1998, 2005). In the
case of

the Cobb-Douglas functional form, this can be achieved by restricting the sum of input

prices coefficients to be equal to one:

ZN:ﬂn =1 3.29)

n=1
Substituting this constraint into the modeBi25 yields the hongeneity constrained

cost frontier model:
N-1 M
In(q/v\hi):ﬂﬁéﬂnln(m/mi)+;¢mln g, + Y+ U (3.30)
Alternatively, in a compact form this model can be written as:
In(c/w,)=x8+Yy+u (3.31)
or, since the distribution of is symmetric, the model can be written as:
=In(G/wy)=-xB+y-y 3.32)
From a statistical viewpoint, this equation is statistically indistinguishable from the
production frontier model given by equation 3.7. Thus, apart from sign chahgeen-

tire analysis in section 3.3.1 applies exactly to the estimation of a stochastic cost frontier.

A measure of cost efficiency can be provided by:
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CE =exp(—y) (3.33)
Thus, firms’ specific cost efficiency can also be predicted using the equations discussed

in section 3.3.1

3.3.3 Estimating allocative efficiency

As was described in the literature review, cost efficiency is composed of two elements:
technical efficiency and allocative efficiency. In the previous two sections the estimation
process of technical and cost efficiency was discussed. If the goal is to estimate technical
or cost efficiency, one can estimate the production or cost frontier in equations 3.7 and
3.27. However, to obtain measures of allocative efficiency, the process is slightly more
complicated. Different approaches have been proposed in the literatune.oOelede-
veloped by Greene (1976) involves estimatirgjaehastic cost frontier together with a

subset of cost- share equations in what is known by a seemingly unrelated regression

framework:
Inc =Inc(qw;B)+Vv+y 3.34)
Si=S(a wp)+mn, (3.35)

wherelnc(q, w; £)is the deterministic kernel of the stochastic cost frontier,

S, (g, w; B)are the deterministic kernels oktstochastic cost share equatiofis,
represents the set of all parameterseaping in the cost frontier model,is an error
component representing cost inefficiency, apds an error component introduced to

represent allocative inefficiency, which repets a violation of the first order condition

of the cost function. A problem with this maddas to do with the fact that the cost fron-
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tier contains an error representing the combined effects of both technical and allocative
inefficiency (because both types of inefficiency lead to increased cost) while the cost
shares equation involves an error representing allocative inefficiency only (because tech-
nical inefficiency involves a radial expansion of the input vector and this leaves cost
shares unchanged). It is difficult to exjqitly model the relationship between these dif-
ferent error terms without making the systeighly non-linear and extremely difficult

to estimate. This dilemma was first noted by Greene (1980) and is known in the litera-
ture as the ‘Greene Problem’ (Kumbakhar and Lovell, 2000).

An alternative method for estimating allocative efficiency was proposed by Kdpp a
Diewert (1982) and refined by Ziechang (1983). The implementation of this method in-
volves estimations of a cost functionarsingle equation framework, followed by nu-
merical estimation of many sets bf—1 non linear equations (one set for every data
observation). Although this approach is atiablly correct, it does not provide a solu-
tion to the ‘Greene Problem’ as it failsitworporate statistical noise in an econometri-
cally consistent fashion (Kumbakhar and Lovell, 2000).

Schmidt and Lovell (1979) solved the ‘Green problem’ by estimating a producti
function together with a subset of the first order condition for cost minimisatiorn. Thei
approach exploits the self-duality of the Cobb-Douglas production functiamal Tdne

stochastic Cobb-Douglas production frontier is:

NG =5y + > AN %, 4+ U 8.36)

n=1
Minimizing cost subject to (3.36) involvegriting out the langrangean, taking the first
order derivatives and setting them to zero. Taking the logarithm of the ratio of the first

and n-th order condition yields:
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In (M} - [ﬁjmm fom=2,...., N (3.37)
Wni )§1i ﬂn

wheren,; is a random error introduced to represent the allocative inefficiency for the
input pair x; and x,. This error can be positive, negative or zero depending on whether

the firm over-utilizes, under-utilises, or correctly utilises input 1 relative to mpit
producer is allocatively efficient in input use if, and onlyjf=0 for all n. As shown in

3.37 the inputs appear in ratio form, thusaaial expansion in the input vector (i.e., an
increase in technical efficieg) will not cause a departufiem the first order condition.
However, a change in the input mix (i.e. allocative efficiency) will clearly cause a depar-
ture from the first order condition” (Coelli et al., 205, p. 270).

The systems dfl equations (3.36) and (3.37) can be estimated by the method of maxi-
mum likelihood under the assumption that u s and ther,;s are identically and inde-
pendently distributed as univariate normal, half-normal and multivariate normal random
variables respectively, i.e.:

v, [1iidN (0,57)

u, [ iidN* (0,57%)
and 77, = (175,73 .10y, )D iidN (0Z)

With these distributional assumptions, the log likelihood function is:
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InL=1 In(2r)—%ln(27z)—l—2In(az)—l—zln|2|

| s [ 14 (3.38)
Ind| -3 | —— |-= >+ e’ lo?
93 [ - 1_yJ S+ lo”]
N
whereg =v —y=Iny -, -> B Inx, (3.39)
n=1
o %Mj.[ﬁ] (3.40)
Wni)%i ﬂn
N
and r:Z,Bn is a measure of return to scale (3.41)

i=1

This log likelihood function can be maximised to obtain maximum likelihood
estimates of all parameters in the model. Schmidt and Lovell (1979) used these parame-
ter estimates to obtain an equation of the dual-cost frontier associated witlbre Lz
(See Coelli et al., 2005 for details), whiwhs used then to dempose the allocative
efficiency elements of the overall cost efficiency using the following equation:
CAE =exp(Inr— A)

whereA =3 'p.n, + I{Bﬁisn ex-n, )} (3.42)

3.3.4 Extension of the stochastic frontier model: accounting for the production en-

vironment

The estimation of production efficiency has, or at least should have, two components.
The first is the estimation of a stochastiogurction or cost frontier that serves as a

benchmark against which to estimate the technical or cost efficiency of the producers.
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Thus, the objective of the first componentasstimate efficiencwith which producers
allocate their inputs and outputs under son@éntained hypothesis concerning behav-
ioral objectives. This first component is by now discussed in the previous sections of this
chapter.

The second component, which is equatiportant, is the incorporation of environ-
mental variables in the estimation of the frontier. These variables are neither inputs nor
outputs to the production process but exert an influence on producer performance. Con-
sequently, a failure to account for them may result in an inaccurate estimation of the
frontier function (Coelli et al., 1998)

The simplest way to account for environmental variables is to incorporate them di-
rectly into the non-stochastic component & gnoduction or cost frontier. In the case of

a cross-sectional data this leads to a model of the form:

Ing =x8+Zy+Vy -y B.43)
wherez, is a vector of environmental variables an a vector of unknown parameters.
The model has the same error structure as the conventional stochastic frontier model dis-
cussed in section 3.3.1. Thus, all the estimators and testing procedures disciiiesed in
previous sections are applicable to this model.

Some authors explore the relationship between the environmental variables and the
predicted efficiencies using a two-stage approach. In the first stage, a stochastic frontier
function is used to obtain estimates of the inefficiencies. The estimated ineffisianeie

then regressed on a vector of exogenous variables in a second stage of general form:
E(uly)=9(zr)+s. (3.44)

where¢ [ iidN(0,0%)and y is a vector of parameters to be estimated.
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Unfortunately, this two-stage formulatiposes significant estimation problems. First,
it must be assumed that there is no correlation between the elementndk , other-
wise the maximum likelihood estimates (@f,o2,5) are biased due to the omission of
the variablesz in the first stage stochastic frontieodel. This will consequently to in-
accurate estimates of efficiencies.

A second problem with this approach is that, in the first-stage, the inefficiencies are
assumed to be independently and identically distributed, while in the second stage they
are assumed to be a function of firm specific factors, contradicting the assumption that
u, are independent (Kumbakhar and Lovell, 2000).

More recently, models for inefficiency effects in stochastic frontier function have been
proposed by S. C. Kumbhakar, Ghosh, & McGuckin (1991), Reifschneider & Stevenson
(1991), and Huang and Liu (1994). They all assume that the inefficiency effects are ex-
plicit functions of various explanatory varlab, and estimate the parameters of both the
stochastic frontier and the model for the inefficiency effects in a single-stage procedure.
Battese and Coelli (1995) formulated a stochastic frontier model that is essentially the
same as that of Huang and Liu (1994) apdcified for longitudinal or panel data.

For a cost frontier example, the model would consist of equation 3.45 and 3.46. The
first equation illustrates the stochastic tiencost function. The second component

which captures the effects of cost inefficienay)(has a systematic componenitz as-
sociated with the exogenous and a random compenent
LnG = Lnf(w, g, kiB)+ v+ y (3.45)

W=7+ (3.46)
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where C. denotes the total cost of thi firm, w is a vector of input pricesy is a vector
of outputs,k is a vector of fixed input levels aptds a vector of unknown parameters to
be estimated. The non-negativity requiremgnt y z(+& > )is fhodeled as
& [1 N(0,0%)with the distribution ofg, being bounded below by the variable truncation
point (—y 'z ). Finally, they's are identically and independently random errors hav-
ing N(0,5%) distribution and independentf

The advantage of using this type of model is that the inefficiency variables and the ex-
planatory variables of the stochastic frontier model can be estimated simultaneeusly, i.
allowing interaction between firm-specific variables and the right-hand-side variables of
the frontier function. Allowing this interion emphasises the podsily of non-neutral

shifting of average response functions, inchicase OLS is not capable of determining

the shape of the bounddatynction, which weakensstanalytical ability even further.

3.4 Empirical application

This section discusses the empirical aggtlon of the frontier approach to the model
used in this study. All the discussions are based on the stochastic frontier apgsaach
was selected in this study for the estimation of both the production and cost frontier
models. This is due to its many advantages over the DEA approach (refer to section 3.2),
especially as it takes into account the measurement errors, so allowing for additional
evidence in the estimation of the frontier.

This section is organised to address tkearch objectives raiséud the introductory

part of this study:
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e to estimate and evaluate the production and cost frontier functions using a sam-
ple of health care foodservice operations,

e to compute technical, allocative and cost efficiency and their degree of vari-
ability among the different health care foodservice operations,

¢ to identify the variables that have influenced the technical and cost efficiency
measures of health care foodservice operations,

e to test the functional form that represents the production and cost frontier mod-
els, in order to avoid any specification error in the estimation of the model

e to test the for the existence of technical and cost inefficiency in the sample.

In the first part, technical efficiency is examined, this is followed by a discussion of
cost and allocative efficiency. A discussion of the selection of functional form used in
the estimation of the frontier models is then presented. The section concludes with a de-

tailed overview of the input/output and environmental variables used in this study.

3.4.1 Examining technical inefficiency and its determinants

In this sub-section, technical inefficiency is considered as part of the totalezm
for the stochastic production frontier (see section 3.3.1). Stochastic frontier analysis is
used to separate technicalfiir@ency from the error attribable to random factors. The
process entails estimating a production frontier and technical efficiency of hospital food
service operations.

If the only objective is to estimate technical efficiency, one could estimate the tradi-
tional product frontier described in section 3.3Hbwever, as the objective of this study

is to also account for the factors that exogenously influence technical efficiency, it was
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necessary to estimate an extended frontier model that allows for this estimation (see Sec-
tion 3.3.4). The Battese and Coelli (1995) model was used. This model extends further
the framework of estimating the productimontiers and technical inefficiency inde-
pendently proposed by Aigner et al. (1977) and Meusen and van den Broek (1977). The
Battese and Coelli (1995) model was appedimdhe present task because, first, it al-
lows the simultaneous estimation of the inefficiency variables and the explanatory vari-
ables of the stochastic frontier model. Thés the advantage of overcoming the statisti-
cal shortcomings that could be caused by assuming the model in a two-stage formulation
(see section 3.3.4). Second, it assumes that Stevenson’s (1980) general distribution of
firm effect applies to the stochastic frontier production function. The half-normal and
exponential distribution both have a mode at zero. This causes conditional technical effi-
ciency scores, especially in the neighbourhobzero that can involve artificially high
technical efficiency levels. Moreover, these distribution specifications fix a pre-
determined shape for the distribution of the disturbances that can also be considered a
shortcoming. Stevenson (1980) argued that the zero mean assumed in the Aigner et al.
(1977) model was an unnecessary restriction, and favoured the use of use of the trun-
cated distribution to estimate efficiency as opposed to the half-normal and exponential
distributions.

A discussion of the functional form and specification of the stochastic frontier model
used in this study is presented in the next section. In general the stochastic frontier is

given as:
G = F(%, %, %, %, %, %, dum, dup, dum dymE )exp( -v; M (3.47)

where, for tha™ firm,
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g = the number of meal produced per year

x; = the number of full- time equivalent employees
X,; =the amount of energy

X = the total square area of the department

X,; =the age of equipment

X =the skill level of employees

X5 =the degree of readiness of raw materials

dum, = dummy variable representing the cook-chill system
dum, =dummy variable representing the hybrid system
dum, =dummy variable representing the external system

dumc=dummy variable representing the country code

f,= parameters to be estimated.

The criteria for selecting tkesbove variables drew mainly from previous studies in

the literature (Freshwater, 1980; Greathouse et al., 1989). In general, these variables

constitute factor inputs and environmental variables that influence the amount of meals

produced. A greater usage of any inputs should lead to an increase in size obmeal pr

duction, which would be indicated by a positive relationship between the dependent

variables and the explanatory variables. Different relationships are expected between the

number of meals produced and each ofain@ronmental variables as will be described

later in this chapter (Section 3.4.5.4).

Thev sare assumed to ki@ random errors having\ (0, ) distribution, and ther s

areiid non-negative random variables, representing the effect of technical inefficiency
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of the hospitals involved. In the Battese and Coelli (1995) model, theadables are
obtained by truncation (at zero) of ad normal distribution with unknown meam,and

unknown variance®. The variance of the parameters is given as:

02 = Uuz + O'v2

y=o0’lo’
wherey takes on a value between zero and one.
The technical inefficiency latent model is given by:

Uu=0"'2+¢

wherezis a vector of explanatory variables associated with the technical inefficiency

effectsg is a vector of unknown parameters to be estimated, ang¢hee unobserv-

able random variables, which are assumed to be independently distributed, difained
the truncation of the normal distribution with mean of zero and unknown varigtnce
such thatu is non-negative (i.es; >-z0 ).
Specifically:

U =0, + o,edu+ o, expr ¢ (3.48)
where:
edu= Level of a manager’s education
exp= Years of a manager’'s experience

The variables used to statistically explain technical inefficiency are well estabiish
the literature (Battese and Coelli, 1993) and relate to factors that affect the manager’s

ability to improve the effi@ncy of their operation.
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The random variable, is defined by the truncation of the normal distribution (with
zero mean and variane€) such that the point of truncationHgs , i.e..g, > —z6 .
These assumptions are consistent withihebeing non- negative truncation of the

N (zd,0?)distribution. Thus the technical efficiency of production for ithérm is de-
fined by:

TE=exp(u)

=exp-z5-¢ ) 3.49)
In equation 3.49 a gdive sign for the estimated coefficient implies that the associ-
ated variables have a negative impact on efficiency, and vice versa. For each explanatory
variable there waa priori expectation concerning the sign of the coefficients as ex-

plained below:

e Level of a manager’s education
Higher level of manager education is hypothesized to be associated with lower level of
inefficiency (i.e. negative sign for the pardereestimate). This is based on the supposi-
tion that managers with higher education are more experience in the use of the new tech-
nology in the efficiency tilisation of their resources.
e Years of a manager’s experience
Similarly, the higher level of manager experience is hypothesised to be associated with
lower level of inefficiency. This is based the assumption that managers will learn
from their mistakes and improve on their production with time, leading over time to a

reduction in technical inefficiency.
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Finally, the mean technical efficiency for the whole sample was obtained as a simple
average of individual hospital efficiency. To obtain this mean, technical efficiency of
hospitals was gauged on the production of best performing hospitals; that is, hospitals
for which output is located on the estimated frontier. Average technical efficiency for
the whole sample is the proportion of output by which the ‘average’ producer falls short
of full technical efficiency. This is measured as the difference between full and mean
efficiency; that is, a proportion of output not realized by the hospitals, on average, be-

cause the inputs that went into producing its outputs were not fully utilised.

3.4.2 Examining cost efficiency (CE) and its determinants

Cost efficiency was estimated from the estimated stochastic cost frontier. The Battese
and Coelli (1995) framework was again used to estimate the cost frontier model simulta-
neously with the model explaining cost inefficiency. The methods used and the proce-
dure followed to obtain cost inefficiency wetee same as those used in the case of tech-
nical efficiency.

The stochastic cost frontier of hospital foodservices is given by:
C = (W, W, %, %, %, %, @ dum, dug, dum dymg )exp( +v; u (3.50)
where for the" firm

C. = total operational cost

w; =the price of labour

w,, =the price of energy

x; = the total square area of the department

X,; =the age of equipment
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X, =the skill level of employees

x,; =the degree of readiness of food raw materials

dum, = dummy variable representing the cook-chill system

dum, =dummy variable representing the hybrid system

dum, =dummy variable representing the external system

dume=dummy variable representing the country code

u, =one sided error term (i.e. gitive for cost frontiers)

v, = a two-sided random error accounting for variation in costs due to stochastic factors

f = parameters to be estimated.

The above variables in the stochaBtntier constitute input prices, fixed inputs
(capital) and environmental variables thdluance the total operational cost. An in-
crease in any of the input peis should lead of an increase in total cost (Coelli et al.
1998), which would be indicated by a positive relationship between the dependent vari-
ables and the explanatory variables. The expected relationships between the total cost
and each of the environmental variables are described later in this chapter (Section
3.4.5.4).
The cost inefficiency in the latent model, as in the case of technical inefficiency, is given
by:
U =25+
where z is a vector of explanatory variables associated with the cost efficiency effects,

£ is a vector of unknown parameters to be estimated, angsttage random variables

with N(0,c%)truncated at-z¢&, i.e.r > -z ¢&.
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Specifically:

u =& +<&edut &, exp  r @.51)

where the variables and the parameters are the same as described and discussed in sec-
tion 3.4.1. The signs of the coefficients are also as hypothesised inthiatmeffi-

ciency model. This is because technical efficiency is a part of cost efficiency, so conse-
quently what affects technical inefficiency will also affect cost efficiency in the same

direction.

3.4.3 Estimation of allocative efficiency (AE)

Another contribution to this study is the estimation of allocative efficiency. In section
3.3.3 the approaches used in the literature to obtain estimates of allocative efficiency
were discussed. The estimatigrrelatively simple witthe DEA approach. The process
involves estimating two DEA models, one to estimate technical efficiency and another to
estimate cost efficiency. Allocative efficiency can then be estimated from the ra-
tio AE=CE/TE. The process is, however, more complicated when stochastic frontier is
used. Different approaches were proposed in the literature. The one proposed by
Schmidt and Lovell (1979) has some advantages over the other approaches as it provides
a solution to the ‘Greene’ problem proposed by Greene (1980) (see section 3.3.3).

Their approach involves estimating a production frontier together with a subset of the
first order conditions for cost minimisations. In this study thigragch is used; how-
ever, the frontier is estimated in a single&ipn framework. This is due to two reasons.
First, it is less computationally complicated that the system of equations framework.

Second, when deriving the log-likelihood of their model, Schmidt and Lovell (1979)
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based their calculation on the assumption tih@tnefficiency term follows a half nor-
mal distribution, which is inconsistent with the estimation of the production frontier used
in this study where a truncated normal digition is assumed for the inefficiency term
(see section 3.3.4).

Specifically, the calculation of allocative efficiency involved taking the first order con-
dition of cost minimization associated witie production frontier in equation 3.47 and

then using equations 3.39 to 3.42 in order to derive the allocative efficiency measures.

3.4.4 Functional forms

The choice of functional form in an empirical study is of prime importance, since the
functional form can significantly affect thestdts. Most efficiency studies focus solely
on determining the degree of inefficiency and do not examine alternative specifications
of the technology. However, if researchers choose a form that it incorrect, this model
will potentially predict responses in a biased and inaccurate way (Griffin et al), 1987

Some common functional forms were discussed in section 2.6 of the literature review.
Those that are most popular are the Cobb-Douglas and the translog forms (Coelli et al.
1998). In this study the Cobb-Douglas functional form was selected for the estimation of
the stochastic frontier model. However, to avoid any mispecification problem, the ‘trans-
log’ was also tested in comparison to the selected Cobb-Douglas form.

The Cobb-Douglas form is a considered a special case of the translog functional form

(for example, it can be obtained from the translog by setting, ak= 0. see Table 2.3)

and is used mainly because of its simplicity and parsimony (Richards and Jeffrey, 1996).
Moreover, by transforming the model into logarithms, one can obtain a thadét lin-

ear in inputs and easier to estimate (Coelli et al., 1998). Some studies justify asing th
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Cobb-Douglas form by referring to Kopp and Smith’s (1980) conclusion that tbe fun
tional form has limited effect on empirical efficiency measurement.

The translog functional form is in itsrtuone of the most popular flexible functional
forms. One of its advantages is that it can provide a second order approximation to an
arbitrary twice-differential linearly homogenous function (Chambers, 1988). The main
drawbacks associated with this function, hoareware its susceptibility to multicollinear-
ity and the potential problem of insufficient degrees of freedom due to the pre§ence o

interaction terms.

3.4.5 Source and construction of data

The data for this study were collected by means of a questionnaire (See Appendix 2).
The questionnaire was first discussed with foodservice managers through a focus group
and then piloted with eight hospitals from both the private and public sectorsui@ e
its clarity and reliability. After data collectiovas completed, the entire data set was re-
viewed and assessed for the presence of any missing data and outliers that can distort the
results. The questionnaire was sent to 200 Australian hospitals and 50 American hospi-
tals. All hospitals were randomly selected. We received reply from 90 Australian hosp
tals, representing the different states of#halia (response rattb%) and 11 American
hospitals (response rate 22%). All models were estimated with and without the Ameri-
can sample and no significant differences on the results were noticed, so the decision
was to keep the American sample in the data.

Respondents to the questionnaire involved mainly the foodservice manager(s). The
hospitals surveyed were heterogeneous in terms of size, ranging from 60 to 900 beds,

and including hospitals from both the private and public sectors. The hospitals were also
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heterogeneous in terms of the type of foodservice systems used, with each of the four
systems- cook-fresh, cook-chill, hybrid, and external. The distribution of the data by

each of the three characteristics (type of systems, number of beds, and type of hospitals)

is represented in Table 3.1.

Table 3.1. Data characteristics

Distribution by hospital type
Type Number Percentage
Private 33 32.67%
Public 68 67.33%
N=101
Distribution by number of beds
No of Beds Number Percentage
50-150 33 32.67%
150-250 43 42.57%
250-400 11 10.89%
400+ 15 14.85%
N=101
Distribution by type of system
Type of System Number Percentage
Cook-fresh 40 39.60%
Cook-chill 20 19.80%
Hybrid 19 18.81%
External 22 21.78%
N=101

The focus of the questionnaire was onwhgous production costs (labour, energy)
rather than the service and delivery costs. Data collected consisted niamplyta@and
output quantities and input prices. Additionally, data were collected on a set of environ-
mental variables which were also includedha estimation of the production and cost
frontier models.

The selection of input/output quantitiegyum prices and environmental variables, used
in the estimation of the production frontieodel, is in line with previous studies from

the literature (ADA, 2005; Battese and Coelli, 1995; Brown and Hoover, 1990; Clark,
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1997; Hong and Kirk, 1995; Light and Walker, 1990; Mcproud, 1982). Table 2.3 pro-
vides a summary of all variables used in the model estimation, their classification, and
references to studies in the related literature where these variables have previously been

used.

3.4.5.1 Input quantities

On the inputs side, three input quantitiesre collected: the number of FTEs, amount
of energy, and total square meters of the production area. The number of FTEs was se-
lected as a proxy for labour input; while tcdguare meters of the production area was
used as a proxy for capital input (using proxies for inputs is a common approach in effi-
ciency studies).

All these inputs are well established ie thierature (Clark, 1997Greathouse et al.,
1989; Hong and Kirk, 1995; Mibey and Williams, 2002), and have been selected in pre-
vious productivity studies in the health care foodservice area. Labour input is a major
component of the total expenditure of foodservice departments (Nettles et al., 1997) and
can be considered as one most important factors in improving the overall level of pro-

duction (Clark, 1997).
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Table 3.2. Selection of input and output variables

Variable Input/ Output/ Measured as Reference(s)
Environmental
FTE Input Number of full- Greathouse (1987)
time equivalent Brown and Hoover (1990)
employees Clark (1997)
Energy Input Amount of electricity McProud (1982)
and gas used Brown (1987)
Capital Input Total square meters Mibey and Williams
of production area (2002)
Number of Output Meals produced/year ADA (2005)
Meals Clark (1997)
Hong and Kirk (1995)
Age of Environmental Average age of equipment Brown and Hoover
Equipment (1990)
Skill level Environmental Penttage of qualified Walker (1988)
of employees employees
Degree of Environmental Percentage of raw Clark (1997)

readiness of
raw materials

Type of Environmental

foodservice
system

Level of man- Environmental
ager’s education

Years of man- Environmental
agers’experience

materials bought ready
prepared

Dummy variables with
1 for cook-chill, 2 for

hybrid and 3 for external

1 if holds a qualification
0 if non

Light and Walker (1991)
Greathouse (1987)
Clark (1997)

Battese and Coelli
(1995)

Years of working experience Lachaal et al. (2005)

in the industry
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Similarly, energy input is also considered as an important input in health caserfood
vice operations (Brown and Hoover, 1990; Mcproud, 1982; Nettles and Gregoire, 1993),
as most of these operations produce fodalilk quantities and require additional equip-
ment for chilling, storing and reheating of the fodte third input, capital input, is usu-
ally included in any efficiencgtudy (Coelli et al., 2005}t has also a major importance
in health care foodservice operations (Clark, 1997; Greathouse, 1987) and, therefore,
should not be ignored. The variable selet¢tecepresent capital input (total square me-
ters of the production area) in this study is an indicator of the relationship between the
size of the kitchen and the capacity of production. The trend in hospital foodservice
seems to be towards smaller kitchens (Bertagnoli, 1996). Vast kitchens and unrestricted
equipment usage may no longer be acceptable or feasible, and may be giving way to
more compact and energy-efficient systems. In many instances, it has become necessary
to fit kitchens into much saller spaces than it was a decade ago (Light and Walker,
1990). Additionally, owners, operators, and designers have linked reducing the size of
hospital kitchens with more efficient apdofitable operations. Moreover, where space
is limited (and expensive), owners may find it more desirable to reduce nontsales a
such as the kitchen, and to enlarge the dining area (Bertagnoli, 1996; Ghiselli et al.,
1998).

Data on all these inputs were collected from the questionnaire. The number of FTEs
and total square meters of the producticdaarere determined directly from the partici-
pants’ answers. The process was, however, slightly more difficult with the amount of
energy. It was clear from the pilot study thasitifficult for managers to separate the

energy consumption of the foodservice department from the energy consumption of the
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entire hospital, especially where there is only one utility meter reading available for the
entire hospital.

A second method developed by Messermith et al. (1994) has then been adopted. The
method consists of manually multiplying the equipment rating by the actual time the
equipment is operating. For this purpose, the questionnaire was redesigned with the help
of three equipment suppliers. The final Irstluded 18 different types of equipment di-
vided into three categories: short-order cooking equipment, cooking equipment and ser-
vice equipment. For each type of equiptndifferent capacities we specified. The en-
ergy consumption of refrigerated storages\a#so assessed by asking respondents to
identify the number and total square meters of each of their cool rooms and freezers.

The data recorded in the equipment list were used to calculate the energy consumption
of foodservice production in each hospital according to the following equation:

Time Operating Equipment Rating= Energy Consumption (3.54)
whereEquipment Ratings a value of power used per hour of operation

This equation was slightly modified with some other equipment. Ovens, for example,
do not run continuously even when they are still turned on. Once the proper temperature
Is reached, the internal thermostat shdft$ooavoid overheating. The amount of time the
equipment actually operates divided by thelttae it is turned on is known as the duty
cycle as shown in the following equation:

Duty Cycle=Time Operating/Time on (3.55)

For this study an approximate of the duty cycle was determined from the equipment

suppliers and then energy for this equipment was calculated as power multiplied by the

amount of time the equipment operated:
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KWh=KWHxtime onx Duty Cycle (3.56)
where KWh equals kilowatt hours.

Finally, the ‘Kirby’ software (www.kirbyjn.com.dweveloped by ‘Kirby’ manufac-

turers (a wholesaler for refrigeration and air conditioning equipment in Australia) was
used to provide a proximate of energy consumption of the cool rooms and freezers in the
different hospitals. The data needed were the size and number of cool rooms and freez-
ers, which were collected directly by the questionnaire, in addition to a proximate of the

average temperature in each area based on the hospital location.

3.4.5.2 Output

The number of meals was selected as the output in this study, following previous studies
in the literature (Clark, 1997; Greathouse, 1987; Mibey and Williams, 2001). To ensure
consistency in the way respondents address this question, the suggestions of the pilot
group were followed, and a meal was defined as a complete menu item for breakfast,

lunch or dinner, and not a snack or afternoon tea.

3.4.5.3 Input Prices

Two input prices are used in the estimatbthe cost frontier model: the price of la-
bour and the price of energy. The price of labour was obtained by dividing tha-tota
bour cost (collected directly from the questionnaire) by the number of FTE while the
price of energy was obtained from the main energy suppliers in each of the States sur-
veyed (e.g. Integral Energy and AGL). The criteria for selecting these variables follow

that of the production frontier discussed in the previous section, as what affects the level
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of production should also affect total cost (Coelli et al., 1998; Kumbakhar and Lovell,
2000)

The total cost of production which acts as a dependent variable in the cost frontier
model, consisted of two components: labcost and energy cost. The labour cost was
obtained directly from the questionnaire,il@hithe energy cost was obtained by multi-

plying the total amount of energy by the respective prices of energy (gas and electricity).

3.4.5.4 Environmental variables

Data for all environmental variables were collected from the questionnaire. Four envi-
ronmental variables (age of equipment, skill level of employees, type of foodservice sys-
tem and type of country) were included ditg in the non-stochstic component of the
production and cost frontier models, while those reflecting management ehiatast
(level of managers’ education and years of managers’ experience) were included in the
inefficiency component of the frontier.

The use of the systems was assessed with four questions asking respondents to classify
their operation as being cook-holding, cooklichybrid or external. The degree of
readiness of prepared vegetables was assessed by three questions asking what percentage
of potatoes, meat and fresh vegetables used were purchased pre-pregareshditses
to these questions wetleen added for each hospitéhe skill level of employees was
measured by three questions asking respondents to classify their employees into the fol-
lowing three categories: apprentices, trade certificate and non-trade certificate. Finally,
the level of managers’ education and years of managers’ experience were computed di-

rectly from the questionnaire.
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Different relationships are expected between each of these environmental variables
and the level of output, which is the number of meals in this case. The age of equipment,
for example, is expected to decrease the number of meals produced as older equipment
tends to have a negative impact on the level of production (Brown and Hoover, 1990).
On the other hand, a higher degree of readiness of raw materials is expected to improve
the level of production and to allow for meoflexibility in the poduction area (Clark,

1997). The same applies for thldll level of employees. It is an indicator of the quality
of labour inputs. Employees with higher skills are expected to positively impact the level
of output produced (Reynolds and Thompson, 2005).

The relationship between the type of foodservice system and the level of output is also
a priori expected for some systems. The use of batch cooking systems such as the cook-
chill, for example, is expected to have a éeitnpact on the efficiency of production in
comparison with the traditional cook-serve system (Clark, 1997). The use of the hybrid
system should in its turn lead to some advantages in the production site, as it allows the
combination of more than one system, so offering more flexibility in the selection of
menu items (Nettle et al., 199 T)astly, it is difficult toestablish any prior hypothesis
for the external system as it has not be@vipusly evaluated in any of the related stud-
ies despite its widespread usspecially in Australia.

Different relationships can as well be hyipesized between each of the environmental
variables and the total cost of production- the dependent variable in the cost frontie
model. The age of equipment, for example, is expected to increase total cost as the ca-
pacity of production might decrease with total cost as this would require extra labour to

produce the required capacity. Similarly, the degree of readiness of raw materials is ex-
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pected to have a positive impact on the totat boit not significantly so as it leads to a
decrease in the labour time needed for meal preparation (Clark, 1997).

The relationship between the total cost, and type of foodservice system has been a
area of debate in the literature (Freshwat880; Light and Walker, 1990). For exam-
ple, while some studies repedt cost savings of the cook-chill system in comparison to
the cook-fresh system ight and Walker, 1990 other studies failed to support these
savings (Greathouse et al., 1989). Also, difcult to establish any prior hypothesis for
the impact of the ‘*hybrid’ and ‘external sgsts’ on the total production cost, as none of
these systems has been addressed before in the literature. However, some cost savings
from these systems is expected, due to their many operational advantages over the tradi-

tional cook-fresh system (See Table 2.1).

3.4.6 Estimation of the stochastic frontier and inefficiency functions

The parameters of the stochastic frontier and the inefficiency functions are estimated
simultaneously by the method of maximum likelihood using the computer pro-
gram, Frontier Version 4.1 (Coelli, 1992).

The estimation is carried out in three steps. First, ordinary least squares (OLS) estima-

tion of the stochastic frontier function yields estimates ofstlo@efficients. All the es-
timates except the one of intercgfyt, are unbiased. Second, a grid search findssing
the OLS estimates of th# coefficients and the estimates@fand ¢* which are ad-

justed according to the cewted ordinary least squafesmula presented in Coelli

(1995). The coefficient$ are set to zero ands limited between zero and one, and is

defined as:

77



The frontier model is then estimated uding values selected in the grid search as
starting values in an iterative procedurebain the final maximum likelihood esti-
mates of the coefficiefft ands together with a variance parameter which are expressed
as:
02 = O'u2 + GVZ

Finally, to obtain estimates of allocative efficiency a two-stage approach was adopted
As the decomposition option is not automdtycavailable in the ‘Frontier’ program, the
frontier estimates of the coefficients of the production frontier were first taken, and then
decomposition equations were programmethenShazam econometric program (Ver-
sion 9).
3.5 Summary

This chapter provided a detailed discussion of the empirical methods used in the study,
elabourating on models and pertinent methodological issues. The first part discussed the
data envelopment analysis and its limitatioRsis was followed by a detailed discussion
of the stochastic frontier approach and its methodological extensions. Between the two
methodologies, stochastic frontier was selected in this study due to its mantagdsan
over data envelopment analysis, especially as it accounts for statistical ndiseg, itna
more suitable in the health care foodsesvapplication where data is usually character-
ized by a high level of variation.

The last part of the chapter providediscussion of the specific stochastic frontier

models used in this study. Additionally, the methods of data collection were discussed,

78



and the selection criteria of the differempiuit/output and environmental variables used
in estimation of the stochastic frontier was presented and justified.

In the next chapter, the results from the estimation of the stochastic frontier models are
presented and checked for significance aatidbility. Additionally, the measures of
technical, allocative and cost efficiency aresented, including a detailed discussion of

the factors that exogenously influence these different types of efficiency.
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Chapter 4. Empirical Analysis and Results

4.1 Introduction

This chapter presents the results dhlibe stochastic cost and production frontier
models discussed in Chapter 3. The Battese and Coelli (1995) formulation is adopted for
both models. This formulation has the advantages of simultaneously estimating the pa-
rameters of the stochastic frontier model and the factors affecting efficiency, given ap
propriate distributional assumptions associated with the error terms.

The chapter starts with a verificationtbé functional form adopted in the estimation
of stochastic cost frontier (SCF) model. The estimation of the cost function and the de-
rived cost efficiencies are then presented in the following section which alsdesc
detailed analysis of the cost efficiency latent model which was estimated simultaneously
with the SCF.

In a similar way, the estimation ofetlstochastic productidnontier (SPF) is pre-
sented. The functional form is first verified and then the estimation of the production
function and the derived technical efficiencies are presented. The technical efficiency
latent model which was estimated along the production frontier is also presented. Finally
the results of allocative efficiency are presented and summarized. The chapter concludes

with a short summary of the main findings of the study.

4.2 Stochastic cost frontier (SCF)

This section reports results from the estimation of the SCF. In section 4.2.1 the selec-
tion of the functional form used in the estiiatof the frontier is presented. In section

4.2.2 the maximum likelihood estimates are reported and discussed. This follows with a
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discussion of the results from testing of the presence or absence of cost gffitienc
sample. The results of the cost inefficiehaient model, which was estimated simulta-
neously with the SCF, are discussed in section 4.2.3. Section 4.2.4 presents and dis-

cusses measures of cost efficiency.

4.2.1 Selection of Functional Form

In order to avoid any specification error related to the functional form of the SCF, an
F - test was conducted. The purpose of the test was to determine whether the functional
form of the frontier function is of Cobb-Dolag technology against the alternative hy-

pothesis, which has the following translog functional form:

6 6 6 6
InC =2, +Zﬂn Inx, +4,Ing +O.522,8nm Inx Inx., +Z,Bqn Ing; INX ;+ By N0l +
n=1 n=1

n=1m=1l

3
> B, dumy + B, dumgt U v (4.1)
m=1

where for thei" firm:

C, = the total operational cost

x; = the price of labour

x,; = the price of energy

X; = the total square area of the department
X,; = the age of equipment

X = the skill level of employees

X5 = the degree of readiness of raw materials
g = the number of meals

dum), = cook-chill system dummy variable
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dum, = hybrid system dummy variable
dum, = external system dummy variable
dumg¢= country dummy variable
u, =one-sided error term
v, = a two-sided random error term
Under the null hypothesi$i;: B, = B,,= B,,=0, If this hypothesis is not rejected,

then this means that it favours the simptebb-Douglas functional form which is a spe-
cial case of the above model.

Since theF statistic was equal to 1.39, rejection of the null hypothesis at any conven-
tional level of significance failed, arieence the following Cobb-Douglas technology

was adopted:

INC =4,+p.Inx, +B,Inx, + . Inx;+ S Inx,+Inx+ S Inx+ 6 Ing
(4.2)

Hdum, + S, dum) + S, dum+ B, dume & ;v
Equation 4.2 was estimated. It contains two input prices (labour and energy priees), on
fixed input (capital input), one output (number of meals), three environmental variables
(skill level of employees, age of equipment and degree of readiness of raw materials)
and three dummy variables representing the different types of foodservice systems, with

dum representing the cook-chill systenfiym representing the hybrid system and
dumrepresenting the external system. To avoid perfect multicollinearity, the traditional

system was not included and it will be serving as the base system against which all the
other systems are compared. The descriptive statistics for all these variables are pre-

sented in Table 4.1.
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The linear homogeneity of the Cobb-Douglas function was imposed on the estimated
equation by restricting the sum of all input pstcoefficients to be equal to 1. Again,
the Cobb-Douglas function specifiabove fits the data well as th-squared from the
original least square estimation- which wasdit obtain the starting values for the
maximum likelihood in both the production and the cost frontier estimation- is in excess
of 89.00% and the overdil-statistic is 67.791

Table 4.1. Data Description

Variables Mean Min Max St.Dev

InC 3.30 1.29 5.26 0.96

Inx -13.71 -15.47 -12.53 0.89
Inx, 10.48 9.78 10.78 0.17
In x, 5.30 4.11 7.31 0.82
Inx, 5.52 4.38 5.99 0.44
In xg 2.20 0 3.63 0.82
In %, -1.08 -2.94 0 0.83

Inq 11.76 8.98 13.99 1.26
edu 0.56 0 1 0.49
yoe 26.02 5 43 7.95

83



4.2.2 Maximum likelihood estimates of the stochastic cost frontier

Table 4.2 illustrates the estimated parameters and their asynptatios along with
measures of overall goodness of fit. Since the logarithmic specification of the cost func-
tions is being used, the estimated paramegmesent the elasticities of total cost with
respect to the estimated coefficients (i.e. the percentage change response in the depend-
ent variable to a 1% change in the dependent variable). For example, as shown in Table
4.2, the percentage change in total costrasat of a change of the quantity produced is
0.386. Thus, if total meals are to increase by 100%, then total cost will increase by
38.6% assuming all the other factors remain constant.

As for input prices, the energy price coeéidi is 0.067 indicating that, if price of en-
ergy is to increase by 100%hen total cost wilincrease by 6.7%. The coefficient of the
degree of readiness of raw materialpasitive and significant (0.143) indicating the
significant impact of this variable on total cost. Similarly, the coefficient of the age of
equipment is also positive and significamdicating the negative impact that older
equipment might have on total cost.

The dummy systems coefficients indictitat both the hybrid ahthe cook-chill sys-
tems are significantly more cost-effectivatithe traditional system. Similarly, the use
of the external system would lead to a significant reduction in total cost but to a less ex-
tent than the hybrid and the cook-chill gmss. Finally, regarding the dummy country
coefficient, the result shows that there issignificant difference in total cost between
foodservices in the two countries. The return to scale derived from the inverse of the dif-
ferential of the cost frontier with respect to output shows that the cost frontier exhibits

increasing return to scale. This means that in order to operate at the most productive
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scale size (MPSS), hospital foodservices Hawexpand both their inputs and outputs.

Table 4.2. Estimated coefficients for the Cobb-Douglas Cost Frontier

Variable Coefficient Standard-error T-Ratio
Intercept -2.635 1.207 -2.194**
In x, 0.067 0.048 1.395
Inq 0.386 0.100 3.843**

In x, 0.134 0.113 1.187
Inx, 0.373 0.215 1.737*

In x 0.121 0.084 1.445*

In X, 0.143 0.081 1.766*
dum -0.473 0.203 -2.332**
dum, -0.652 0.213 -3.050**
dum -0.346 0.187 -1.846*
dumc -0.042 0.197 -0.214
o’ 0.346 0.092 3.763**

y= Z—‘z 0.184 0.019 9.684**

Symmetry and homogeneity were imposed, utilizing the price of Ialinutl()

** Coefficients are significant at the 5% level
* Coefficients are significant the 10% level

4.2.3 Cost efficiency effects

To investigate if there is significacost inefficiency, the maximum likelihood esti-

mates of they -parameter were used in a log- likelihood ratiB)(test. They -
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parameter is the ratio of the variance of the inefficiency error tefitp the sum of
variance of the error termo{ ) (see Table 4.2). Specifically the test was to determine if
H,:y =0; that is, the health care foodservice operations are perfectly efficient against
the alternative hypothesid,, :  # 0, which indicates that the hospital foodservice op-
erations are not perfectly efficient.

Cost inefficiency is said to be negligible the closerjthparameter is to zero. In the

absence of cost inefficiency, all deviations are random and the average cost function
(e.g. ordinary least squares (OLS) estimates) may be used to estimate the froniier. On
other hand, ag approaches one, the model tends to be more deterministic, but whether
the deterministic frontier is appropriate depends on whether gr mosignificantly dif-
ferent from one.

The LR test for this hypothesis was conducted using the log-likelihood function val-
ues of the estimated cost-frontiers and the values of the corresponding OLS cost func-
tions. More specifically the test is formulated as:

LR=-2(LLRK; - LLF,) (4.3)
where LLF, and LLF, are the log-likelihood function values of the unrestricted (i.e.

stochastic frontier and the restricted (i.e. OLS) function respectively.

From this test, the parameter for the cost frontiertiesation was determined to be sig-
nificantly different from zero (Table 4.3). This implies that hospital foodservices are not
100% percent cost-efficient and the cost function estimated by OLS does not provide an

adequate representation of the data.
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Table 4.3 Likelihood Ratiol{R) Tests of hypothesis for the Parameters of the SCF and

SPF
Hypothesis SCF SPF
a)H,:»=0 LLR,® -82.57 -48.39
Estimated frontier
not different from OLS LLF? -92.28 -55.71
(average response function)
LR’ 19.43 14.62
Critical value 8.76 8.76
(5% level)
Decision Rejeddl, | RejectH,
b) H,=9,=06,=0 LLR,® -82.57 -48.39
(All parameters on the
variables explaining technical and LLF;* -91.89 -55.71
cost efficiency are simultaneously
equal to zero)
LR® 18.64 14.64
Critical value 5.13 5.13
(5% level)
Decision RejectH, | RejectH,

e Critical values are obtained from Kodde and Palm (1986). These values entail a)gﬁxd'd;-

tribution.

e °LLF,and LLF, are the log-likelihood function values of the unrestricted and the restricted

function, respectively.

°LR is the computed Likelihood ratio value.
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4.2.4 Estimated cost efficiency (CE)

This sub-section assesses the extent of cost efficiency by considering the mean and the
distribution (in percentage of firms) among the different hospital kitchens. The mean of
cost efficiency shows the extent of cost efficiency of hospitals on average. Table 4.4

shows the mean cost efficiency is 77%.

Table 4.4 Descriptive statistics afost efficiency scores

Minimum 0.2462
Maximum 0.9176
Mean 0.7658
Median 0.7692
St.Dev 0.1775
Variance 0.0315

This suggests that hospitals could reduce their input costs by 23% without decreasing
their total output, which is the number of meals in this case. The cost efficiency scores
of hospital foodservice operations are presented in Table 4.5. They range fram a mi
mum value of 24.62% to a maximum value of 91.76%. In terms of percentage distribu-
tion of cost efficiency levels, Figure 4.1 shows that most of the hospitals are operating
within 70 to 90% efficiency levels. A reasonable percentage is operating within 50 to
70% efficiency levels (Figure 4.1). In atidn to efficiency measures being predomi-
nantly in the 70 to 90% percent range, the distribution of cost efficiency is characterized
by low variance (i.e. around 3.15%), which is an indication of a high degree of homoge-

neity of performance among hospitals in the sample.
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Table 4.5. Individual Cost Efficiency (CE) Scores

Hospitals CE Hospitals CE

1 0.7825 52 0.8478
2 0.9603 53 0.6573
3 0.9368 54 0.8363
4 0.9558 55 0.2462
5 0.7458 56 0.3591
6 0.8497 57 0.7447
7 0.7610 58 0.4659
8 0.5705 59 0.6557
9 0.5808 60 0.7646
10 0.9557 61 0.9527
11 0.6808 62 0.7568
12 0.7626 63 0.7501
13 0.9702 64 0.6921
14 0.9553 65 0.8590
15 0.9336 66 0.9486
16 0.3235 67 0.9603
17 0.9716 68 0.9593
18 0.9614 69 0.5665
19 0.4997 70 0.8814
20 0.7692 71 0.8553
21 0.6601 72 0.7532
22 0.5908 73 0.9716
23 0.9462 74 0.8759
24 0.6971 75 0.8532
25 0.6434 76 0.8560
26 0.9265 77 0.7487
27 0.9434 78 0.5297
28 0.4091 79 0.7970
29 0.9142 80 0.4199
30 0.9577 81 0.9112
31 0.9532 82 0.6852
32 0.7868 83 0.8569
33 0.6093 84 0.3608
34 0.6121 85 0.7819
35 0.8250 86 0.8561
36 0.8607 87 0.7578
37 0.8134 88 0.9711
38 0.9577 89 0.9588
39 0.9540 90 0.4903
40 0.5291 91 0.7517
41 0.8544 92 0.7510
42 0.8701 93 0.6556
43 0.7473 94 0.9496
44 0.9558 95 0.7119
45 0.5930 96 0.9484
46 0.9547 97 0.7518
47 0.7546 98 0.8713
48 0.3631 99 0.7595
49 0.5190 100 0.7411
50 0.6490 101 0.6250
51 0.9625
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4.2.5 Cost inefficiency latent model (CILM)

To understand potential sources of cost inefficiency, both the overall significance of
the model explaining cost efficiency and the significance of the coefficients for the ex-
planatory variables of the model were examined (equation 3.51). The overall signifi-

cance of the model involvedsting the null hypothesk$; : 6, = 0. In other words, the

coefficients of the variables (level of a manager’s education, years of a manager’s ex-
perience) explaining cost inefficiency in the CILM are simultaneously zero.

The above hypothesis was tested using a likelihood rbf) fest, in which the re-
stricted CILM has only the constant terfilme restricted model implies that the com-
bined effect of the explanatory variables on cost efficiency is insignificant. The results
of the estimation are shown in Table 4.3. The null hypothesis was rejected, indicating
that the CILM model is statistically sigrent in explaining the causes of cost ineffi-
ciency in the sample. Followirtpe verification of the existence of cost inefficiency, the
signs and the significance of the coefficients were also checked (Table 4.6). Both vari-
ables are significant and negatively signed, indicating the positive impact of these two
variables on cost efficiency.

Table 4.6. Coefficient estimates for the model explaining cost efficiency

Variable Coefficient Standard-error T- ratio
Intercept 1.490 0.329 4.521**
exp -0.267 0.134 -1.979*
edu -0.053 0.018 -2.942**

**Coefficient significant at the 5% level
* Coefficient significant at the 10% level
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Figure 4.1 Distribution of efficiency by percentage of health care foodservice opera-
tions
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4.3 Stochastic production frontier (SPF)

This section analyses results from the SRhe same way as those from the SCF esti-
mation in the previous section. In section 4.3.1 the test of the functional form is pre-
sented. The estimated coefficients are reported and discussed in section 4.3.2. This is
followed in section 4.3.3 with a discussion of the results from testing for the peesen
absence of technical inefficiency in the sample. Section 4.3.4 presents measures of tech-
nical efficiency (TE). The results of the technical efficiency latent model (TILM) esti-

mated simultaneously with the frontier are discussed in section 4.3.5.

4.3.1 Selection of the functional form

Similar to the process used prio the estimation of the SCF, &n- test was also
used to determine the appropriate functidoain of the SPF. The purpose of the test
was to determine whether the functional favfithe SPF is of Cobb-Douglas technology

against the alternative hypetis, which has the following translog functional form:

6 6 6 3
Ing =45, +Z,Bn In X +O'5ZZﬁnm Inx,; Inx; +Zﬂm dum + 8. dume- v ,u (4.4)
n=1 m=1

n=1 m=1
where, for tha™ firm,

g = the number of meals

x; = the number of full-time equivalent employees
X,; =the amount of energy

X; = the total square area of the department

x,; =the age of equipment

X5 =the skill level of employees
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X5 =the degree of readiness of raw materials

dum, = dummy variable representing the cook-chill system

dum, =dummy variable representing the hybrid system

dum, =dummy variable representing the external system

dume=dummy variable representing the country code

The null hypothesis of the test can be formulated as folldysg,,, =0. If this hy-

pothesis is not rejected, then this means that it favours the simple Cobb-Douglas func-
tional form which is a special case of the above model. The estimastatistic was

equal to 1.65, which indicates that the null hypothesis cannot be rejected at any conven-
tional level of significance.

Hence the following Cobb-Douglas technology was adopted:

INg =By + BN % + B,In X5 + B,In X+ B In X, + B dn X+ B dn X+
(4.5)

prdum; + fgdum + B, dum+ 5, dume ;¥ u

Equation 4.5 was estimated. It contains three inputs (number of FTE, amount of energy
and total square area of the production department representing capital input) and six
environmental variables ( skill level of employees, age of equipment, degree of readi-
ness of raw materials, three dummy variables for the type of systems and one dummy
variable for the type of country). The descriptive statistics for all variables in 4.5 are pre-

sented in Table 4.7.
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Table 4.7. Data description

Variables Mean Minimum  Maximum St.Dev
Ing 11.766 8.98 13.99 1.26
Inx 2.66 0.69 4.89 0.95
In x, 13.25 9.51 15.98 1.49
In x, 5.30 4.11 7.31 0.82
Inx, 5.52 4.38 5.99 0.44
In xg 2.20 0 3.63 0.82
In X, -1.08 -2.94 0 0.83
edu 0.56 0 1 0.49
exp 26.02 5 43 7.95

4.3.2 Maximum likelihood estimates of the SPF

The estimated coefficient of the logdarized SPF represents the elasticities for the
Cobb-Douglas specification. Table 4.8 presents the results from the estimation of the
production frontier.

The coefficient estimates of the labourery and capital inputs are all positive. This
implies that a greater usage of any inputs khtaad to an increased size of meal pro-
duction, as theory postulates for rationaigucers (Coelli et al., 1998). Similarly, the

increased use of ready raw materials has also a positive impact on the level thoutpu
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insignificantly so, which means the results arconclusive as to whether an excessive
use of ready raw materials will lead to an increase in the output produced.

As expected, the coefficient of the age of equipment is negative and significant; indi-
cating that older equipment tends to decrease the level of output that can be produced.
The dummy variables coefficients for the types of systems show significant differences
between each of the hybrichok-chill and cook-serve systemNo significant difference
was, however, found between the external and the cook-serve system. The dwmmy co
try coefficient is again insignificant indicatiigat there is no sigficant difference in
the level of output produced between the tuntries (Australia and United States).

The return to scale derived by summing all of the individual output elasticities for the
SPF estimation is higher than one, which liegpthat firms are operating in an increas-
ing return to scale. As it is dinarily assured by theory, thissult is also consistent with

the result obtained from the cost function in Section 4.2.2.

4.3.3 Technical efficiency effects

To investigate if there is significant technical inefficiency, the maximum likelihood
estimated of the -parameter was used as in the cost frontier to assess the presence of
technical efficiency. A positive diatically significant value of the -parameter is
needed to reject the null hypothesis that there is no presence of technical inefficiency
From the estimation of the production frontier, thgparameter estimates were found to
be statistically significant at the 5% level (Ta#.8), an indication that technical ineffi-
ciency effects are very significant in the analysis. The results aftbést were further
confirmed with the_R -test for the presence of technical inefficiency in the sample. In

this test the unrestricted log was obtained from the estimation of the full production
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frontier while the restricted log was obtained from the OLS estimation of the average

production function. The result of the test (Table 4.3) also led to the conclusion that the

hospital foodservice in our sampgenot fully technically efficient.

Table 4.8. Estimated coefficients for the Cobb-Douglas Production Frontier

Variable Coefficient Standard-error T-Ratio
Intercept 6.467 1.100 5.870**
In x; 0.564 0.101 5.571**
Inx, 0.202 0.047 4.298**

In x, 0.186 0.084 2.211*
Inx, -0.184 0.074 -2.479**
In % 0.061 0.013 4.692**
In xg 0.147 0.059 2.492**
dum 0.037 0.153 -0.245
dum, 0.279 0.157 1.773*
dum 0.244 0.147 1.664*
dumc -0.010 0.158 -0.065
o’ 0.153 0.021 7.242**
y= Z—Lz 0.712 0.073 9.753**

** Coefficients are significant at the 5% level
* Coefficients are significant at the 10% level

4.3.4 Estimated technical efficiency

This sub-section assesses the extent of technical efficiency by considering the average

and the distribution (in percentage of hospitals) of hospitals among the sample. These
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results were computed from results on technical efficiency of hospitals on average. Ta-

ble 4.9 shows that the mean technical efficiency for the 101 observations is around 83%.

Table 4.9. Descriptive statistics of technical efficiency scores

Minimum 0.5055
Maximum 1

Mean 0.8348
Median 0.8399
St.Dev 0.1396
Variance 0.0190

This implies that hospitals, by utilising teeme amount of inputs more efficiently,

could improve the average output of mealsupyto 17%. The individual technical effi-
ciency scores are presented in Table 4.10. The median of technical efficiency is very
close to its mean, implying than more theadf of the firms are technically more effi-

cient than the average firm. These resultgieneral, point to the homogeneity of per-
formance among hospitals in the sample, which is further evidenced by a small variance
in the mean of technical efficiency thainsthe order of less than 0.01. Regarding the
percentage distribution of technical efficiency level, Figure 4.1 shows that most of the
hospitals are within the 0.7 to 0.9 efficierleyels, indicating again a high degree of
homogeneity between hospitals in the sample, which is further evidenced by the median

and the small variance reported in Table 4.9.
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Table 4.10Individual Technical Efficiency (TE) Scores

Hospitals TE Hospitals TE

1 0.7194 52 0.9408
2 0.9641 53 0.6572
3 0.8909 54 0.8251
4 0.9814 55 0.8256
5 0.7857 56 0.5092
6 0.7445 57 0.9190
7 0.9846 58 0.6027
8 0.7196 59 0.9596
9 0.6252 60 0.7059
10 0.9807 61 0.9811
11 0.8265 62 0.6234
12 0.9927 63 0.9639
13 0.9962 64 0.6009
14 0.7823 65 0.7844
15 0.8481 66 0.9222
16 0.8563 67 0.7371
17 0.9960 68 0.9814
18 0.9956 69 0.7628
19 0.7453 70 0.5055
20 0.8399 71 0.9662
21 0.7741 72 0.9660
22 0.6439 73 1.0000
23 0.9272 74 0.8130
24 0.6809 75 0.9428
25 0.7766 76 0.9666
26 0.8016 77 0.9240
27 0.8906 78 0.5918
28 0.5694 79 0.7338
29 0.7765 80 0.5598
30 0.9870 81 0.9877
31 0.7425 82 0.7578
32 0.7154 83 0.9804
33 0.6683 84 0.6921
34 0.6023 85 0.7423
35 0.7428 86 0.9965
36 0.9874 87 0.7838
37 0.7714 88 0.7461
38 0.9662 89 0.9879
39 0.9848 90 0.7168
40 0.6576 91 0.9391
41 0.9551 92 0.9253
42 0.9933 93 0.7332
43 0.9535 94 0.9649
44 0.9752 95 0.7290
45 0.9665 96 0.9963
46 0.9941 97 0.9649
47 0.7171 98 0.9527
48 0.7384 99 0.9940
49 0.7302 100 0.8919
50 0.9256 101 0.6808
51 0.9925
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4.3.5 Technical inefficiency latent model (TILM)

Given that th&R -test has indicated the presence of technical inefficiency, the discus-
sion in this section addresses the technical efficiency model. In particular, is the techni-
cal efficiency model significant, and if so, what factors are individually significant in
explaining the inefficiency? The overall significance of the model involved testing the

null hypothesi$i, : 5, =0. In other words, the coefficients of the variables (level of

manager’s education, years of manager’s experience) explaining technical ingfficienc
in the TILM are simultaneously zero.
The LR -test used values for the log likelihood functions for stochastic frontiers esti-

mated simultaneously with the full TILMLLF, ) and the corresponding values for the
frontiers when estimated with the TILM including only the constant terfr{). From

the results for this test, the hypothesis wgected for all estimations (Table 4.3). This
implies that the technical efficiency modeklstatistical merit in modeling the cost effi-
ciency.

Most of the results are consistent with those of the cost efficiency madelv&i-
ables (education and experience) have the same signs and are both significant, indicating
a positive relationship between these twoaldes and technical efficiency. It was ex-
pected that factors that influence cost efficiency will also influence technical efficiency
as technical efficiency is a component of cost efficiency. The values and the significance

of the coefficients are summarized in Table 4.11.
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Table 4.11Coefficient estimates for the model explaining technical efficiency

Variable Coefficient Standard-Error T- Ratio
Intercept 0.772 0.072 10.594**
exp -0.253 0.084 -3.019**
edu -0.017 0.004 -4.232%*

** Coefficient significant at the 5%level
* Coefficient significant at the 10% level

4.4 Allocative efficiency

To obtain estimates of allocative efficiency the Schmidt and Lovell (1979) approach
was adopted (see Section 3.3.3). However fribntier was estimated in a single equa-
tion framework. This is due to two reasons. First, it is less computationally complicated
than the system of equations framework. Second, to derive the log-likelihood of their
model, Schmidt and Lovell (1979) made the assumption that the inefficiency term fol-
lows a half normal distribution. This is inesistent with the estimation for the SPF used
in this study where a truncated distributiwsas assumed for the inefficiency term. This
approach is, however, limited to the use of functional forms for which the implied pro-
duction function can be explicitly derived (self—dual), such the Cobb-Douglas form.
Once a more flexible functional form suchths translog form is specified, where the

implied cost function can not be derived, this method is no longer possible.

4.4.1 Allocative efficiency effects

The average allocative efficiency was found to be equal to 78% (Table 4.12). This
implies that the average hospital would redusedst by 22% if it were to allocate the

inputs in an optimal fshion, according to their relative prices.
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Table 4.12.Descriptive statistics of allocative efficiency scores

Minimum 0.5535
Maximum 0.9946
Mean 0.7873
Median 0.7749
St.Dev 0.0878
Variance 0.0077

The distribution of allocative efficiency among hospitals (Figure 4.1) indicates that
many of the hospitals operate within the 7886 80% allocative efficiency level. The

individual allocative efficiency score are presented in Table 4.13.
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Table 4.13. Individual allocative efficiency scores

Hospitals AE Hospitals AE

1 0.6950 52 0.8380
2 0.7696 53 0.7625
3 0.8127 54 0.8412
4 0.8878 55 0.6360
5 0.7302 56 0.8379
6 0.7146 57 0.7053
7 0.7391 58 0.6894
8 0.7481 59 0.6629
9 0.7871 60 0.7680
10 0.9633 61 0.9417
11 0.7740 62 0.6824
12 0.7645 63 0.7379
13 0.7486 64 0.7181
14 0.6757 65 0.7553
15 0.7470 66 0.7659
16 0.6234 67 0.8480
17 0.8040 68 0.9946
18 0.7131 69 0.8359
19 0.8188 70 0.7376
20 0.6832 71 0.7766
21 0.7516 72 0.7862
22 0.8038 73 0.8671
23 0.9248 74 0.8626
24 0.7401 75 0.8384
25 0.9051 76 0.8318
26 0.6570 77 0.7485
27 0.9173 78 0.6949
28 0.6821 79 0.9111
29 0.8261 80 0.6337
30 0.7927 81 0.8962
31 0.7710 82 0.8573
32 0.6867 83 0.8426
33 0.8201 84 0.8580
34 0.7953 85 0.7481
35 0.8883 86 0.7897
36 0.8604 87 0.8724
37 0.8663 88 0.9293
38 0.8377 89 0.8156
39 0.9513 90 0.6988
40 0.7253 91 0.7396
41 0.8200 92 0.7052
42 0.7923 93 0.7056
43 0.7166 94 0.8123
44 0.8082 95 0.7584
45 0.7866 96 0.9794
46 0.7681 97 0.7151
47 0.9337 98 0.7438
48 0.5353 99 0.8517
49 0.7436 100 0.6906
50 0.7547 101 0.7524
51 0.9786
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4.5 Summary

The main objectives of this chapter were to investigate the technical, allocative as well
cost efficiency for hospital foodservices. Because the foodservice sector is facing con-
tinuing changes in technological, structural and economic environments, which are
likely to continue in the future, hospitalslMbe exposed to moreompetition. Hence,
emphasis on improving efficiency and management practices is a key to success. In or-
der to do this, they need to have an indication on how efficient their operation is now
and what factors influence this efficiency.

4.4.1 Summary of model:

Cost and technical efficiency weeramined using SCF and SPF respectively. The
data from the sample were fitted to thetBse and Coelli (1995hodel using economet-
ric techniques to generate estimates of the frontier and efficiency measures.dsthile ¢
efficiency was estimated as part of the total error term of the SCF, technical efficiency
was estimated as part of the total erromtef the SPF. Cost dmproduction frontiers
were, respectively, gauged on the output and cost of production of best performing hos-
pital foodservices.

The mean cost and technical efficiency values were computed as simple averages of
individual foodservice operations’ efficiency. The efficiency results revealed that the
average levels of technical, allocative and cost efficiency were equal to 83 %, 7@ %, an
76% respectively. These figures suggest thiastsuntial gains in output and/or decreases
in cost can be attained if hospital foodsegvoperations were to improve their current

performance.
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In addition, the estimated frontiers werediso compute the elasticities of output rela-
tive to inputs and the elasticities of cost tiekato input prices. Results of model estima-
tion showed that all input/output and enviramtal variables used in the estimation of
the stochastic production and cost frontiers satisfy the theoretical requirement, and are
generally in line with related studies frdhe literature. This ésnation was also cou-
pled with determination of potential souradscost and technical efficiency of hospital
foodservices, by empirically examining and elabourating on the influence factors in the
model explaining either the cost inefficiency or technical inefficiency of hospitals. The
estimation of these efficiency models involwegressing on the estimated inefficiency
(CILM and TILM), a set of variables (yean§ manager’s experience and level of man-
ager’s education) hypothesized to explainléwel of inefficiencyin health foodservice
operations. These models were estimatedikaneously with the corresponding fron-
tiers. Results showed that both these moalesstatistically significant in explaining the

sources of inefficiency.
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Chapter 5: Discussion of Results

5.1 Introduction

The results presented in Chapter 4 are further analysed in this chapter on two levels.
The first level is the analysis of relative performance of hospital foodservices repre-
sented in the sample. The second level is the comparison with othessindfficiency
in this area. However, comparison at teead level should be taken with caution be-
cause it can only be justified if the methamipy used, and the variables included in the
previous studies and their definitions, are #§ame. The literatureview in Chapter 2
clearly indicated the limitations of the previous methodologies applied in this area which
ranged from partial ratios to simple pardrntetechniques. In contrast, the methodology
applied in this thesis is the first to usstachastic frontier approach in measuring and
analyzing efficiency of hospital foodservices. Consequently, it is difficutiake a di-
rect comparison of the results of this study with any of the previous studies. Future re-
search using a similar quantitative approeatld be conducted to validate and confirm
the findings of this study.

This chapter is structured as follows: finst section presents the analysis of the effi-
ciency results. This follows Wi the analysis of both the cost and the production frontier
models. The chapter concludes with a ssarhmary of the main findings and limita-

tions of the study.

105



5.2 Efficiency results

The findings suggest that both the average level of technical and cost efficiency are
generally acceptable. The average technidalieficy (TE) which reflects the ability of
hospital foodservices to obtain maximum output (number of meals in this case) from its
given set of inputs was around 83%, and for more than 60% of the hospitals it is greater
than 70%. These hospitals are close to the efficiency frontier, where technical efficiency
reaches its maximum value of 1. The findings in general suggest that hospitdlseeo
duce their inputs by up to 17% while keeptheir level of output constant. These effi-
ciency scores are in line with what is foundsimilar industries such as hotels and res-

taurants (Table 5.1).

Table 5.1. Empirical estimates of efficiency from related studies in the literature

Study Units analyzed TE AE CE

(%) (%) (%)
Anderson et al. (1999b) 48 Hotels 89
Barros and Mascarenhas (2005) 43 Hotels 86.8 27.5 24.8
Reynolds and Thompson (2005) 62 Restaurants 82
Chen (2006) 55 Hotels 80
Anderson et al. (2000) 48 Hotels 81 51 81
Barros (2004) 43 Hotels 21.6
Fei-Ching et al. (2006) 58 Hotels 74.2 83.2 62.2
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The average cost efficiency (CE) score was around 76%, which suggests that hospitals
could reduce their input cost by 24% without decreasing their output which is the num-
ber of meals produced. More than 75% of hospitals scored over 70% with the maximum
efficiency score 97%, while the minimum efficiency score was 24%. Having reasonably
high technical and cost efficiency scores, it was also expected to get acceptable scores
for allocative efficiency (AE). The average was around 78% which means that most of
hospital foodservices are generally using the right mix of inputs (giverptias) to
produce their output. A comparison of these efficiency scores to the findings of similar
industries such as hotels and restaurants are also presented in Table 5.1.

In summary, these results should direct the attention of hospital foods#ireictors
to implement strategies that can improve their level of operational activities. A case-by-
case basis is, however, necessary to valiffeteesults and to determine the appropriate
corrective actions to be taken. Additionally, there are several issues that need be consid-
ered in order to improve the accuracy of the efficiency results. First, a common finance
system has to be adopted for all foodservices so that accurate comparison can be made in
the knowledge that measuring tools will contain similar and comparable data (NSW
Health, 2005). The problem of not havingraform system of accounts was actually
clearly noticed in the process of data collection as it took some hospitals two months to
gather the financial information that was requested for the analysis. Second, the full
computarisation of the foodservice department can also improve the accuracy of the data
collected. For example, the ‘CBORD’ computer system which entered into a contract
with the New South Wales Health Department in 1994 is installed today in many hospi-
tals around NSW. However, there are stillngohospitals which are yet to adopt a com-

puterised food service system because of its financial outlay. According to tserfood
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vice manager at Westmead hospital, the advantage of having a computerised system is
that it provides managers with a powerful tamhssist them itasks which range from
managing stock, to getting suitable meals to each patient, to sophisticated menu cost and
forecasting. It will also decrease the labbore spent on collecting measurement data

and makes the measurement consistent across the different hospitals.

5.3 Inefficiency latent models

This section analyses the results ofitiegficiency latent models which were esti-
mated simultaneously with both the cost and production frontier models. The purpose
was to determine the potential sources whialel@ntributed to the existence of techni-
cal and cost inefficiency of health care foodservice operations represented in the esti-
mated sample. Studies of sources of technical and cost efficiency are concerned with
managers’ characteristics and their abilityun their operations in an efficiency man-
ner. In this study, two variables, well established in the literature and usually selected as

proxies for managers’ characteristics, were selected.

5.3.1 Years of managers’ experience

The results show that the coefficient of ‘years of manager’s experience’ is significant
and negative (Table 4.6) in both the technical and cost inefficiency model timglica
that managers with more experience tenklaiee a positive impact on increasing effi-
ciency. This result waa priori expected. Ordinarily, it would be expected that more
years of work in the foodservice industry would lead managers involved to learn by ex-

perience and improve on their production (Battese and Coelli, 1995).
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5.3.2 Level of managers’ education

The coefficient of ‘education level of magers’ is also statistically significant and
negative (Table 4.6), indicating a positive relationship between the education of manag-
ers and the increase in efficiency. This result was also intuitively expected, as intrease
education is usually expected to be positively correlated to the adoption of improved
technology and techniques of production.

The importance of these two factors on efficiency should urge hospitals to search for
highly qualified and experienced managers. In the United States, it has been recom-
mended that a bachelor degree should be a minimum qualification fogensiwd hos-
pitals’ food and nutrition services (Dowlirgg al., 1990). In Australia, the Australian
Council on Heath Care Standards requiresgbatices should be directed by persons
appropriately qualified by education, training and experience, and that suffioient
bers of qualified personnel and support stafissemployed to allow for the efficient op-
eration of the service (Australian Council on Healthcare Standards, 1992). Catering or
foodservice management qualifications éesirable (Institute of Hospital Catering-

NSW, 1997) but not mandated. A study by the NSW Health Department in 2005, for
example, indicated that only 78% of foodsee managers in NSW are qualified at all

(NSW Health, 2005). Mibey and Williams (200&¥s0 assessed the qualifications of the
heads of the foodservice department in NSW hospitals. Their results showed that 60% of
managers were without formal qualifications in the smaller hospitals (less than 100

beds) and only 44% of managers had qualifications in larger hospitals. Thefésis

study is similar as only 54% of the managers from the hospitals surveyed had formal

qualifications.
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Some area health services started to compensate for the lack of educdaualby-
ing area training systems and providing supervision and management courses. For ex-
ample, a course in management skills is currently required by all senior managers at the
‘Western Sydney Area Health Service’ as part of an internal training and development
program. Similar types of course are also being employed in other states such as Victoria
and Queensland.

In summary, the identification of these two factors as determinants for both technical
and cost efficiency is another contribution by this study. Food service is@ecom-
dustry, particularly in the health care sector. Experienced and educated managers are
needed to ensure a proper working environmaeu to facilitate the proper use of tech-

nology.

5.4 Stochastic cost frontier discussion

This section discusses the results of the stochastic cost frontier based on the estimated
coefficients reported in Table 4.2. The final model included two input prices (labdur an
energy prices), one fixed input (capital input), one output (number of meals), three envi-
ronmental variables (skill level of employees, age of equipment and degree of readiness
of raw materials) and three dummy variables representing the different types of foodser-

vice systems, witldum representing the cook-chill systeoiym, representing the hy-
brid system andlumrepresenting the external system. The relationship between the

variables of the model is illustrated in Figure 5.1 and discussed in the folloviang su

sections.
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5.4.1 Inputs/output

The coefficients for the input prices, fixed input and output are all positive, which im-
plies that any increase in input prices or outputs would lead to an increase in total cost,
as is expected by economic theory (Coelli et al., 1998). Additionally, the results are also
in line with the specific characteristicstbe health care foodservice sector. For exam-
ple, labour cost is a major component oftii@al expenditures of this sector, constituting
up to 60% (Brown, 2005) of the total operational budget, and was found in several stud-
ies to be a strong predictor of total coste@hwater, 1980; Greathouse et al., 1989).
Therefore, it is expected that any change in labour price would have a significant effect
on total cost.

The positive but non-significant relationship between energy price and tsitalsm
supports findings from previous studies which examined the enengymption of dif-
ferent foodservice operations in hospitals (Mcproud, 1982; Messermith et al., 1994). Fi-
nally, the positive but non-significant impaftspace of production on total cost indi-
cates that larger kitchens are not experiencing any waste in cost in comparison with
smaller kitchens. This can be particularly encouraging for health care foodservice opera-

tions that are considering an extension to their production areas.
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Figure 5.1. Graphical representation of the relationship between total cost and each of the inputs/output and

environmental variables
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5.4.2 Skill Level of Employees

The coefficient of the skill level of emlees is positive and significant. The correla-
tion between total cost and skilled workersvd| established in the literature (Bayard
and Troske, 1999). It is a common practice to pay higher wage for high-skilled employ-
ees; although this might not always be the @aslee foodservice industry as it is usu-
ally characterized as a low paid industry (Reynolds and Thompson, 2005). However, the
extra cost that a foodservice operation might pay for skilled employees midht be a
sorbed by the positive and significant impatskilled employees on the capacity of
production as will be described later in thigapter. Additionally, it is important to note
here, that the need for skilled employees can also be affected by the type of foodservice
system that a health care foodservice operation is using. For example, a cited advantage
of the cook-chill system in ecoparison with the &ditional system is the reduction in the
number of skilled employees (Byers et al., 1994; Nettles et al., 1997; Spears, 1995). This
is because food services using this system typically operate a production unit for fewer
hours in a week than conventional operations. The need for skilled employees is also
probably least in operations using the external system. Such a system requires only lim-
ited preparation, usually only reheating of food, and as a result does not require the high

level of skills needed for th@peration of cooking and preparation equipment.
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5.4.3 Degree of readiness of raw materials

The coefficient of degree of readiness of raw materials is also positive and significant,
indicating that the increased use of ready fowderials tends to have a significant im-
pact on total cost. This disagrees with the findings of Clark (1997) who indicated that
the cost of purchasing these is only marginally higher than fresh food and reduces as
well the number of staff required. Foodservice managers are encouraged to catefully a
dress this issue, and especially those of small health foodservice operations, where the
level of production cannot sometimes absorb the extra cost needed to purchase ready

food materials.

5.4.4 Age of equipment

Total cost is also expected to increase with the increased age of equipment. Ehis was
priori expected as the capacity of production might decrease with older equipment and
this would require extra labour hours to produce the required capacity. Additionally,
more energy usage is usually attributed to older equipment as new equipment incorpo-
rate updated technology that requires less energy (Mcproud, 1982). This finding can be
particularly important to health care foodservice operations using old equipment in their
kitchens, as it is the cageth most Australian hospital(NSW Health, 2006). These op-
erations are encouraged to reassess the additional cost associated with this equipment

and to consider some replacements when necessary.
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5.4.5 Dummy Variables

The dummy variable representing the type of country is not significant indicating that
there is no difference in cost between heeadtre foodservices in the two countries. Re-
garding, the dummy systems coefficients, the results show that both the hybrid and the
cook-chill systems are significantly more cost effective than the traditional system. The
cost effectiveness of the hybrid system has not been addressed in any of the previous
studies, but intuitively high cost savings are expected from this system as it allows hos-
pitals to combine the operational benefitsrafre than one system. It also allows more
flexibility in the production area as more menu items that cannot be prepared i a cook
chill system- can be prepared using a suppgrsystem such asehraditional cook-hot-
hold. The total cost savings of this system suggest that hospitals considering a shift to-
ward a new technology have a viable altaugabption of keeping their traditional sys-
tem and combining it with another system sastthe cook-chill system. This might be a
better option than a complete shift towards a new system due to the savings that could
occur in the area of capital cost.

The result of the cook-dhsystem also shows that there is a significant difference be-
tween the total cost of this system andttaéitional system. The findings of this study
are in line with previous studies by Light and Walker (1990), King (1989), Clark (1997)
and Mibey and William (2002), and it also supports theories by Snyder (1987) and
Brendel (1985) who stressed the importance of cook-chill production systems &sécre
productivity. The results, however, are not consistent with those from the study by
Greathouse (1987) which found that managers of traditional and cook-chill systems are

employing similar resources to achieve their objectives
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The study also addressed the use of the external system. Table 4.2 shows thatfthe use
this system could lead to gsificant reduction in total cogt comparison to the cook-
serve system. This finding can be of particular interest for hospitals which are lecapab
of shifting to batch cooking systems such as the cook-chill due to the initial capital in-
vestment needed to install such a system (Greathouse and Gregoire, 1988). A different
option might be to contract-in their foodservice department without the need to invest
large amounts of money in a particular system in order to realise operational savings.
This will also eliminate the burden of fopadoduction as the duties of employees will

only be restricted to the reheating and service of food. Finally, as expected, the total cost
of the traditional system was relatively larger than all the other systems in the sample.
The problem with the traditional system is thegparation is timed in relation to when

the food will be served and eaten; thus, fystem is more affected by the peaks and
valleys of demand for food than any of the other systems (Freshwater, 1980; Nettles e
al., 1997). More labour will need to be sdhked during peak times, making the cost of

labour higher for this system than for any of the other foodservice systems.

5.5 Production frontier discussion

This section discusses the results of the production frontier function in the same way
as cost frontier estimation was described in the previous section. The final model for the
production frontier included three inputs (number of FTE, amount of energy and total
square area of the production department, representing capital input) and six environ-
mental variables (skill level of employeesearf equipment, degred readiness of raw

materials, three dummy variables for the type of systems and one dummy variable for
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the type of country). The results of the estimated model are presented in Tabld. 4.8 an

displayed graphically in Figure 5.2.

5.5.1 Inputs

All the inputs coefficients are positive. This implies that using more of any of-the in
puts (number of FTE, energy input and space of production) would lead to increased
output, as theory postulates for rational prets (Coelli et al., 1998In fact, it would
expected that when the numbers of staff are increased and more energy is used, foodser-
vice operations will produce larger amounts of meals. The positive and significant im-
pact of the space of production on the level of production also suggest that latgyer kitc
ens tend to be more productive than smaller kitchens, and that an increase in space

would not lead to any wastage on the production site.

5.5.2 Age of equipment

The coefficient for the age of equipment is negative and significant, indicating that
older equipment tends to decrease the maximum level of output that can be produced.
From Section 5.4.4, it was also shown that this variable has a negative impact on the to-
tal cost of production. This should alert hospitals that are still using old equipment in

their kitchens to considasome refurbishment or replanent of this equipment.

5.5.3 Skill level of employees

The results showed thaetnumber of meals produced terid increase with the in-
crease in the skill level of employees, which again confirms that the extreeedstth
for skilled employees can be abised by an increase in the production level. It was

priori expected to obtain this positive relationship, as skilled employees are usually bet-
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ter trained and more efficient in their job than non-skilled employees (Reynolds and
Thompson, 2005). This finding is also in line with previous studies assessing the impor-
tance of skilled employees in hospital kitchens. For example, a research study @abnducte
in the United Kingdom (Walker, 1988) compared the most successful hospital opera-
tions with the least successful. The resultidated that the most successful operations
increased their employees' level of skill through training in and implementing practices

such as recipe development and microbiological control.

5.5.4 Degree of readiness of raw materials

Similarly, the coefficient of the degreerefidiness of raw materials is positive but not
significant, which means the results are inconclusive as to whether an excessive use of
ready raw material will lead to an increase in the output produced. This again disagree
with the results reported by Clark (1997) who stressed the importance of using ready
food materials in improving the level of production. According to him, this leaals to

decrease in labour time needed to prepare each meal.
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Figure 5.2. Graphical representation of the relationship between the number of meals and each of the in-

puts/output and environmental variables
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5.5.5 Dummy variables

When it comes to the dummy variables coefficients for the types of systems, the cook-
serve system was again used as the base system against which all the other systems were
compared. The results show that both the hybrid and the cook-chill system are more
productive than the cook-serve system. The results of the hybrid system indicate again
the importance of using this system. Its madlvantage is that it enables hospitals to ex-
pand their list of choices on the patient menu, with some items that can not be prepared
with a particular system such as cook-chill being suitable for preparation with an ac-
companying system such as cook-serve. This advantage will be consequently reflected
in the production area as, with more flexilyildn the menu, hospitals should be able to
maximize the use of their equipment and reduce the waste on the labour side. A user of
cook-serve in Western Australia, for example, considers that the shift toward a hybrid
preparation of chilled and fresh foods is the way to go for the future. According to him,
this system would enable hospitals to exploit the advantages from both batch cooking
and flexibility in production. Sandwiches, salads and snacks can be produced at facility
level. The benefit of this wdd be the centralisation and standardisation of nearly 80%
of food production, which would considerably reduce staff and material cobts lionig
term.

The results of the cook-chiélystem are not surprising; it waspriori expected that
this system would allow hospitals to improtreeir production capacity. This relates to
the idea of batch cooking technique where food can be produced in advance and stored
for several days before being reheated and served to customers. Certainly, with this

process the demands placed on staff are lessened, since the ‘peaks’ are removed from the
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production operation. This allows a longer production process to be developed, as food
produced is not for immediate consumption (Jones, 1990). The results from this study
again confirm the findings of Clark (1997) and Light and Walker (1990) who indicated
that substantial gains can be obtained in the number of meals produced per full-time
equivalent employees when switching frtme cook-serve to the cook-chill system.

Finally, when it comes to the external foodservice system, the estimatécieatef
shows that there is no significant difference between the level of productius ef$-
tem and the cook-serve system. In genera,difficult to compare this system to any
other system as hospitals using this systeemnot producing internally as is the case
with the remaining systems. Instead, they are buying food from commercial suppliers.
What can be discussed, however, is the limitation that this system could have on the hos-
pital menu. A recent feasibility study assegdime performance of fierent hospitals in
Victoria, Australia (Victoria Halth, 2005) indicated that fmee switching to this par-
ticular system hospitals should be awawd the commercial suppliers do not usually
have the capability to provide the full range of products required by hospitals. The study
further indicated that production on site is gtik more feasible omtn for the future as
it gives more flexibility in expanding the level of production and does not lzas@-

tals in the control of thecommercial suppliers.

5.6 Summary

The purpose of this chapter was to désctie results of the efficiency frontier models
developed in this study. The discussion started with an analysis of the estimates of tech-

nical, allocative and cost efficiency scores, derived from the estimation of the stochastic
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frontier production and cost functions. Efficiency was further examined by comparing
the results of this study to those of similar and related sectors.

The chapter then discussed the potential sources of technical and cost inefficiency in
health care foodservice operations. The estimations of both technical and cost ineffi-
ciency latent models have led to the conclusion that the education and level of experi-
ence of foodservice managers have a direct impact on improving the level of efficiency
in these operations. This indicates that foodservice operations have the potential for im-
proving on their performance, on average, botterms of utilisation of inputs and re-
duced costs, by paying more attention to developing training and educational programs
for their management and supervisory team.

The chapter continued with a discussion of the relationship between the input/output
and environmental variables selected for the estimation of the frontier models in this
study. Different implications were derived. It was determined that health care foodser-
vice managers could decrease the level of waste in their operations by reassessing sev-
eral factors such as the skill level of employees, the degree of readiness of raw materials,
the age of equipment and the type of foodservice system. Also, it was shown that vari-
ables such as the space of production ddaweé a significant impact of total cost, and
could benefit health foodservice operationadhieving higher capacity of production.

In summary, the benefit of using the stochastic frontier approach is that it provided a
surrogate score for the overall competenateapability of health care foodservice op-
erations, which cannot be easily and cost-efficiently obtained through the company’s
audited accounts. Using audits is an expensive, time-consuming means of gathering,
analysing and evaluating. The methodology proposed in this study overcomes some of

these difficulties, allowing hospital foodservices to gather useful data cost-efficiently
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and swiftly. Further, since multiple dimensions are simultaneously consideredun eval
ating the overall performance of the hospitals, it is more comprehensive and robust than
any of the typical productivity ratios commonlged in financial analysis. The results of

the study may help to indicate how hospital foodservices fare in comparison with poten-
tial competitors. In addition, none of the previous studies that have analysezheffici

in this field has adopted the methodology of this study. Therefore, the redhiis of

study will add to and complement those studies that have approached the hospital food-

services efficiency in a limited setting.
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Chapter 6: Conclusions

6.1 Summary of the main findings

This thesis introduced an original framework for the evaluation of efficiency and its
determinants in the healtare foodservice sectdrhe measurement of efficiency in this
study was based on a stochastic frontier approach which allowed for the incorporation of
multiple inputs/outputs and environmental variables in assessing the level of efficienc
The approach has the advantages of overcoming the limitations of the traditional partial
productivity approaches, previously used in this sector.

It was clearly shown throughout this tisethat there is a need for a comprehensive
study that addresses questions regarding the current level of performance and the future
existence of some health care foodservice operations. Results from this study aim to ad-
dress all these questions and provide additiemidence on the true level of perform-
ance of these operations. Each health care foodservice operation participated in this
study will be provided with its efficiency score, which can be used for various reasons.

In terms of strategic reasons, efficiency measurement can compare the global perform-
ance of health care foodservice operations watmpetitors or similar firms. In terms of
tactical reasons, efficiency measurement enables the performance control of these opera-
tions (Chen, 2006). Many ‘Area Health Services’ in Australia have expressed interest in
the results and the methodology of this study, which they considered was needed in the
current competitive environment of the health care foodservice industry.

This chapter is structured as follows first section addresst#ge main objectives of

the study and how they have been achieved in terms of both, the methodology and the

124



derived results. The second section addresses the limitations of the study &hesprov

guidance for future research.

6.2 Main objectives of the study andhow they have beerachieved

In this section the main objectives are first stated, and then analyzed in terms of both
the results and the methodology used.
Objective 1: to estimate and evaluate thproduction and cost frontier functions

This study used the Battese and C¢&805) model for the estimation of the produc-

tion and cost frontier functions, using maximum likelihood techniques. The estimation
started with verification of the functional forased in the formulation of the stochastic
frontier models. A log-likelihood ratio test was conducted. The purpose of the test was
to determine whether the functional form of the frontier model is of Cobb-Douglas form
against the alternative hypothesis which haamslog functional form. The result of the
test showed that the Cobb-Douglas form was an adequate representation of the data.

The estimation proceeded by examining the signs and significances of the coefficients
of each of the inputs/ outputs and environmental variables included in these rrodels.
the stochastic cost frontier model, three inputs (price of labour, price of energy, and total
square area of the department), one output (humber of meals), and six environmental
variables (age of equipment, skill level of employees, degree of readiness of raw materi-
als, cook-chill system dummy variable, hybrid system dummy variable, external system
dummy variable and country dummy variable) were included in the estimation of the
model. Results showed thaetbstimated coefficients for input prices/fixed input and
output were as expected, with total cost@asing with both input prices (the price of

labour and price of energy), the fixed input (capital input) and the level of output (num
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ber of meals). The environmental variables coefficients were also as expected. This was
first illustrated with the positive and sigriéint relationship between the degree of
readiness of raw materials, age of equipment and total cost. Second, also as expected,
results from the impact of the different types of foodservice systems on total cost indi-
cated that the hybrid and the cook-chill syseme still a viable option for foodservice
operators.

Similarly, in the stochastic productionfitcer model, three inpuishe number of full
time equivalent employees, the amount of energy ,the total square area of the depart-
ment), six environmental variables (ageegtiipment, skill level of employees, degree
of readiness of raw materglcook-chill system dummy variable, hybrid system dummy
variable, external system dummy variable and country dummy variable) andtpag ou
(number of meals) were included. Results showed that the estimated coefficients for the
three inputs variables were as expected. Wais indicated by the positive relationship
between each of the input variables #&melnumber of meals produced. The environ-
mental variables coefficients were also as expected. This was first illustrated by the posi-
tive relationship between the number of meals, the skill level of employees and the de-
gree of readiness of raw materials, and second by the negative relationship between the
number of meals produced and the age of equipment. Results of the dummy variables
coefficient were also as expected, where it was shown that both the hybrid and the cook-
chill system were more productitiean the cook-serve system.

In summary, results from both the stochastic production andreosef functions

indicate that health care foodservice manageutd decrease the level of waste in their
operations by paying more attention to several factors such as the skill levgllofem

ees, the degree of readiness of raw materials, the age of equipment and théotygbe of
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service system. Also, it was shown that variables such as the space of produatdn d
have a significant impact of total cost, and could benefit health foodservice operations in
achieving higher capacity of production.

Objective 2: to compute technical, allocative and cost efficiency and their degree of
variability among the different health care foodservice operations

After verifying that the estimated coefficients of both models were correctly signed and
satisfy the theoretical requirements, the diffetgpe of efficiency scores were then es-
timated and analysed. The estimated stochastic cost frontier model was used to derive
estimates cost efficiency, while a stochastic production frontier was used to derive esti-
mates of technical efficiency. In addition to estimating cost and technical efficiency, the
study assessed the level of allocative efficiency of health care foodservice operations
using the Schmidt and Lov€ll979) decomposition approach.

Results showed that the average cost efficiency score was around 70%, which suggest
that hospitals could reduce their input cost by up to 30% without decreasing their output-
which is the number of meals produced in this case. Average technical efficiency was
around 80%, and for more than 60% of thepitass it is greater than 70%. This sug-
gests that hospitals, by utilising the same inputs more efficiently, could improve the
level of output by up to 20%. The average allocative efficiency was around 88%, which
means that on average, hospitals can achieve cost savings of 12% by using the right mix
of inputs. In sum, it is evident from thessults that health care foodservice operations
could improve cost efficiency substantially, and that technical inefficieangtitutes a
more serious problem for these operations than allocative inefficiency.

Objective 3: to identify the variables that influence the technical and cost efficiency

measures of health care foodservice operations
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The estimations of efficiency were coupled with a determination of potential sources
of technical and cost inefficiency of health care foodservice operations, by empirically
elabourating on factors that influence either the technical or cost efficiency of these op-
erations. This required the estimation of a technical and cost efficiency latent models,
which mainly involved regressing on the estimated efficiency (technical or cost effi-
ciency) a set of variables hypothesized to explain the level of inefficiency. These models
were estimated simultaneously witte corresponding frontier models.

In analysing the potential sources of technical and cost inefficiency of the degalth
foodservice operations, two variables reflecting management characteristissofyea
manager’s experience, and level of manager’s education) were identified and added to
the inefficiency latent models, which were estimated simultaneously withinothtgefr
model. Results showed that the coefficient of the ‘years of managers’ experience’ was
significant and negative on both the cost and technical efficiency latent models, indicat-
ing that managers with more experience tend to have a positive impact on increasing
cost and technical efficiency. Ordinarily, this was expected, as more years of work in the
foodservice industry would lead managers involved to learn by experience and improve
on their production. The coefficient of the ‘level of manager’s education’ was also statis-
tically significant and negative in both models, indicating a positive relationship be-
tween the education of managers and the increase in efficiency. This result was also in-
tuitively expected as increase in education is usually expected to be positively correlated
to the adoption of improved technology and techniques of production. In summary, the
identification of these two variables as potential sources of technical and cost ineffi-
ciency for health care fosdrvice operations represemtdditional implications. The

results should demonstrate to these operations that investing more money and resources
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on training and improving the level of managers experience and education has a poten-
tial for improving on the performance, on aage, both in term of utilization of inputs

and reduced cost.

6.2 Limitations and direction of further research

The stochastic frontier model used in this study has also the advantage of accounting
for measurement error in the assessment of efficiency. This provided greater confidence
in the interpretation and generalization of the efficiency results. The primary contribu-
tion of this study was that it presented a technique for evaluating the performance of
health care foodservice operation that would not suffer from the sandeahisages as
the existing techniques available to the health care foodservice professionals. The study
also identified the variables that statislig@xplain the total cst and level of produc-
tion in health care foodservice operatiaihgrefore providing foodservice managers
with additional guidance to areas where improvements can be made, both, in terms of
minimizing cost and maximizing the level of production.

However, there are number of directionsvimch the research of this study can be im-
proved and extended. The main problem related to the quality of some data reported. For
example, some data like energy cost could not be collected directly from the question-
naire. Therefore, a proxy for energy cost was used in this study. The use of a question-
naire in the data collection could have, as well, itself affected the quality of data re-
ported. In fact, it is not guaranteed that all foodservice managers addressed a answer
in a similar way, or also answered accurately what was required from each question. Fu-
ture research should collect data when possible from more reliable sources such as the

‘Australian Bureau of Statistics, or other government agencies. Unfortunately, this was
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not possible in this study, as in Australia, methods used by ‘Area Health Services’ in
collecting data from health care foodservice operations are different between each
States, making it therefore unwise to draw conclusions from such data.

Another limitation of this study is thatused only cross-sectional data when compar-
ing the efficiency of the different firms. Future research is encouraged when possible to
collect data on more years of observation and compare the efficiency change of each
hospital across time. The advantage is that foodservice managers would have further in-
dication on the impact of some policy changes on efficiency over the years.

Finally, future studies might concentrate on estimating efficiency using difegrent
proaches and methods. Few studies which have compared the efficiency between differ-
ent frontier approaches, such as stoch&sirdier and data envelopment analysis have
indicated that the level of efficiency was not the same across the different approaches,
even though the ranking of firms’ performance is maintained (Kumbakhar and Lovell,
2000). Therefore, it would be useful to provide further evidence that the level of effi-
ciency score is consistently maintained when a new measurement approach is adopted.

Also, when possible, future research should also support the efficiency results with
some qualitative case studies, in order to provide inefficient operations with additional
insights on the appropriate corrective actionBedaken. It is truéhat stochastic frontier
provides an indication to where inefficiency exists; however, it does not answer all ques-
tions as to why inefficiency exists and what are the strategies that need to be adopted to

improve the level of efficiency.

130



Appendix 1

Half-normal and exponential stochastic frontier

Half-normal distribution

Aigner et al. (1977) obtained the maximum likelihood estimates under the assumption:
) v JiidN(0,67)

i) u 0 iidN*(0,57), that is nonnegative half normal

i) v, and u, are distributed independently of each other and of the repressors.

In computing the estimates, Aigner et(aB77) expressed the likelihood function in

terms of the variance parameters,

o’ = 0'\,2 + O'u2

and 1* =c?/c?

With the half normal distribution afi and the assumed symmetric distribution ¥aor

and using the above parameterization, the likelihood function is given as:

N N el 1 ¢
InL=—In(z/2)-Nn +§ In| 1-¢ (== |- E 2
2 (ﬂ ) ? i+1 |: ¢( 0'} 20° i=18,

The density function af > 0, illustrated for three different values for the standard

deviations parameter is given by.

2 —u?
f(u)= \/Za exp =

The density function of is:

1 —V?
f(v)= e
V) 2ro, Xp{ 202 }
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Given the independence assumption the joint density functiopaof v, is the product

of their individual density functions and is given by as:

f(u,v)_

20,0, 20'2 20 }
Since¢ =v, —y, the joint density function of, and ¢ is

f(U,6) = u? (g+u)2}

2
expy — -
V2ro,o, p{ 26 20
The marginal density function ef is obtained by integrating out of f (u,&) which

yields
f(g) =j f(u,£)du

e (7o)
epl

whereo = (o7 +02)"?,A=0,/0,, and®(.)and ¢(.) are the standard normal cumula-

tive distribution and density functions. Hence the same standard deviation parameters
o,and o, determine the shape of the half-normal distribution, as in the case of the expo-
nential model.

The conditional distribution ofi given ¢ is:

f(uls)= ff(‘zg‘;)

- ol T ol )

where u. =-¢0’ lo? ando? =c’c’l o’
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Exponential distribution

For the Exponential Distribution the following distributional assumptions are made:
1) v, [ iid N(0,67)

2) u U iid Exponential

3)v,and u, are distributed independently of each other and of the repressors

The joint density function ofi andv,, f (u, V), is the product of their individual density

functions:

2 u Vv
f(u,v)= eXPy ———
20,0, o, 20,

From & =v—u(production frontier) vis expressed in term ofands as

V=UuU+¢

Hence, f (u,&) =

;.ex _i_i(u+g)2
J2ro o, o, 20;

Thus the marginal density af for the exponential distribution is given by:

2
f(g):(ij.q)(_i_ﬁ].exp{i+ O-VZ}
o, o, O, o, 20,
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