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EFFICIENCY IN THE PROVISION OF M UNICIPAL

NURSING- AND HOME-CARE SERVICES:

THE NORWEGIAN EXPERIENCE"

by
Espen Erlandsen
The Ministry of Finance, Norway
and
Finn R. Farsund
Department of Economics, University of Odo, and
The Ragnar Frisch Centre for Economic Research

ABSTRACT

The municipalities in Norway are responsible for providing care for their inhabitants in need.
The care takes two main forms: ingtitutionalised care in nursing homes and home-based care.
Based on cross-section data for 1995 for 471 municipalities the efficiency of the care activity
is investigated using the non-parametric DEA approach. Quality is regarded as very important
for the amount of resources spent, but measures that capture quality are very hard to come
by. The available data source dlows only single-bed rooms as a qudity indicator for nursing
homes and only number of clients in various age groups as basis for output variables in
general. For the three basic activities nursing homes, home based care and home based
medical treatment nine output variables are defined based on three age groups, 0-17, 18-79,
and 80+. The forming of age groups are designed to reflect the severity of need for care in
order to take care of the “patient-mix”- effect. In addition, net throughput of clients as a
variable catching short-term clients in nursing homes is used as an output. Labour in man-
years and other current expenses are the inputs. There are no data for capital inputs, like
buildings and equipment. Significant differences in efficiency between municipdities are
revealed and efficient peers identified that can be studied by municipalities wanting to improve
performance.

KEY WORDS: Nursing, Home care, Efficiency, DEA

' The paper is part of the project “Cheaper and better?’ financed by the Norwegian Research
Council, and is a continuation of the project “Efficiency and quality variations in the provison
of municipal nursing-and home care services’ financed by the Municipalities Association (see
Erlandsen et d., 1997).
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1. Introduction

Municipdities of Norway are, by law, responsible for provison of care of persons in need,

due to old age or physical and psychologica handicaps, etc. The care can take place either

in indtitutions or in peoples homes. Thisis public sector production, with a few private not-

for-profit ingtitutions, and the maost important municipa spending sector consuming about 25

per cent of the total budget. The services of the sector are not traded in a market. There is

therefore neither an automatic check on the efficiency in the use of resources, nor on the

match between services demanded and type of services provided. The purpose of the paper

is to explore the potentia for improvement as to the former aspect by using observed best

practice as a norm for efficient operation (but see Newhouse (1994) for a critique of a
frontier approach in the health sector). A nation wide cross-section study is undertaken for

the firg time in Norway, with municipdities, and organisationa independent sub-regions

within the three largest cities, as the units. Earlier studies for Norway have been focussed on
indtitutions within a limited region, eg. for the largest cities. Home based care has not been
included in any efficiency studies before in Norway. And dso internationdly the focus has
been only on inditutions, like nursng homes (see eg. Chattopadhyay and Ray (1996),

Dusansky and Wilson (1994), Kooreman (1994), Nyman and Bricker (1989), Rosko et dl.,

1995). This study will include both indtitutiondised- and home care. Indtitutions within a
municipdity will be aggregated, while the home care sector is run as one unit within each
municipaity (or sub-region). The underlying adopted technology is that the multiple outputs
of ingtitutionalised- and home based care services are provided with the use of resources
(i.e. resources are not alocated the two types of basic activities). Thus, we do not address
whether indtitutiondised- or home based care is the most efficient. The efficiency is in

principle independent of the split of users between them.

There is much concern about quality of the care services provided. However, operationd
measures of qudity are impossible to get at this sage. We have utilised existing data that has
recently been gathered on a nation-wide scae.
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The outline of the paper is as follows In Section 2 we will discuss the nature of service
production in generd, and how qudity can be defined in principle, and point to possible
operationdisations. In Section 3 the DEA method for caculaing efficiency scores is
presented briefly together with the definitions of the efficiency messures. The data and
definitions of variables are presented in Section 4, and the results set out in Section 5.

Concluding remarks and suggestions for further research are offered in Section 6.

2. Theory of service production

Definition of service production

At the most aggregated level we may digtinguish between commodities and intangibles.
Within the production of the latter we are concerned with a type of service with contact
between producer and consumer. The care services are characterised by direct participation
by the consumer; the purpose of providing the services is to obtain an improvement in one
or more conditions or states of the consuming person. The care services cannot be
transferred to other consumers, and they are not storable. The production of persona

services can beillugtrated asin Figure 1.

Organisation
Resources: Outputs:
Labour ,| Transformation ,| Change of
Materias process state of
Capital clients
A
Clients

Figure 1. Service transformation process
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The trandformation of resources into outputs depends crucidly on the interaction between
the labour input and the client. The notion of an engineering blueprint for setting up a
transformation process is not very relevant for this type of service production. Organisation
is represented in a separate input box due to the importance attributed this factor in the

sarvice literature (see Lewin and Minton, 1986).

Quiality

Qudlity is a key issue in service production. It is easy to imagine that two ingtitutions
providing care services for the same number of clients may do so with quite different use of
resources depending on the qudity of care. Quality is fairly sraightforward to define for
commodities; qudities are attributes characterisng the unit of a commodity, eg. alight bulb
is characterised by the strength and evenness of light, the lifetime, etc. These attributes are
(in principle) known a the time of the transaction. Good and bad quaity may be
digtinguished in two ways: the declared technical standards are not met, or there are product
variants with different technical standards. It is rather obvious that products with lower
sandards are chegper to produce. Deviation from declared standards may be due to
conscious cheating, and then the commodity is cheagper to produce, but may aso be due to
stochastic events, and is then not necessarily chegper.

But for the attribute gpproach to function for persond services the former must be tied to a
well-defined unit of service output. The most fundamental concept of a service output is that
the output is a stock variable describing one or more states of the client. The states may be
concerning physical hedlth, psychological hedlth, socid functioning, etc. If we assume that
the states are objectively measurable, then there is no need for separate qudity variables.
Qudlity is then contained in the measure of the states. We do not have the separability
between a unit of a commodity, a light bulb, and one of its quality attributes, the lifetime. If
we relate this line of thought to the basic notion of a utility function it is each person’'s
evauation of gates that are subjective, but not the number of units of “state’. Introducing x
asavector of current goods and S as a vector of sates, we have the utility function:
U=U(x,9S) Q)
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The state variables may be influenced by externd current inputs and/or “internd”, i.e. either
extend effects from the consumer’s enjoyment of current inputs (smoking) or taking
vitamins every day for your long-run hedth, but not enjoying the pill itself. Externd inputs are
inputs of various service producers, like hospitals, nursng homes, psychologids, etc. A
generd feature of the date variablesisthat it takes time to change their levels:

t t

S(t) = s(yut, Oydt; b), 2

. 0
where t° is a cut-off point for current inputs having impacts (t° < t) , and y is the vector of
externd inputs. The parameter b is taking care of persona characteristics of the consumer;
abilities, persondity, etc. The resources used by a nursing home trandforms into states of the
clients, and better quaity smply means that the daes are a higher levels. We cannot
separate out quality as an attribute.

Combining a utility function framework (1) and a “household production gpproach” (2) may
be useful to understand the discussion of quality by practitioners or professondsin the care
sector. The standard view is that quality is very difficult, perhaps impossble, to measure,
and therefore the red qudlity is subgtituted by the opinions about quality as expressed by
clients, rdatives and professonas in interviews (see eg. Gjerberg, 1995). But then the
crucid digtinction between subjective evauation of a variable through a preference function

and the objectively measurable variable itsdf is missed.
Proxies for quality

In red life we are far from having operationalised the state variable approach. There are no
sysemdtic efforts to establish objective measures of psychologicd and physicd dates of
hedlth, etc. At best the available data are showing resource consumption and the number of
clients involved. It may then, even under the most favourable conditions, be very difficult to
obtain data for states as defined above. Since the municipaities are spending the taxpayers

money on care, it is naturd that the focus is on whether the amount of resources spent on a
number of clients is redly necessary. Having only access to observations of the inputs, v,

and not the dates, S, it is understandable that quality is introduced as a concept when
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discussing the end results of spending the resources. One would expect, on the average, that

better quality consume more resources also for services.

A more redligic srategy may be to am for proxies for the states that are based on a
combination of observable resource use and standards for the care services. By standards
we mean a combination of resources yielding the potential for redlisng certain level of dates
for the clients ranging from physica conditions to psychologica ones. In order to evauae
the possibilities of establishing standards it seems necessary to examine the transformation
process portrayed in Figure 1 in detall. Inditutiondised care involves support activities such
as adminidration, preparing meds, deaning, making up beds, maintenance of buildings and

gopliances, etc. where interaction with clients is not needed. The activities based on
interaction with clients can broadly be divided into hedlth related activities, involving medical

personnd for consulting and “reparing” deficiencies, and pure care activities concerned

with daily routines of persond hygiene, serving meds, socid activities, time spent chatting or

ligening, other simulation, €etc.

In ingtitutions stlandards may be based on the satisfaction of basic physiologicd needs, the
maintenance of hedth, the conditions for exercisng persond hygiene, sense of security, i.e.
access to personnel and doctors, preservation of dignity and saf respect, the degree of
choice within the daily routine, i.e. the possihility for individua schedules, simulation and
socid activities. In home care standards will depend crucialy on amount of time spent with
client, number of personnd dealing with the same dlient (the fewer the greater the possibility
of building up trust and sense of security), observationa skills of personne as to early
warnings of deterioration regarding physicd and mentd hedth, darm systems and time it
takes to do emergency cdls, and accesshility of services during a 24 hours cycle. In
addition some of the factors mentioned above for inditutiond care may be relevant. The
standards may build on exigting professiona codes.

It may be in accordance with standard language to cdl the standards above for qudity
variables. Proxy qudlity indicators can aso be rdated to skill levels and experience of staff.



3. The method

Production of care services typicaly involves severa activities and quas-quality attributes
samultaneoudy. Furthermore, the nature of the process of transforming inputs into outputs is
not well known or cannot easily be edablished referring to engineering blueprints.
Egtablishing a most consarvative standard of reference placing the frontier as close as
possible to the data without imposing any functiona form is accomplished by using the DEA
goproach, assuming piecewise linear production technology sets and “wrapping” the
observations from above in output-input space therefore seems appropriate. But note that
we assume unlimited subgtitutability between variables spanning a facet.

The technology s, T, can in generd be written:

T={(y, x) | y canbe produced from x } , ©)
wherey is the vector of M outputs and x a vector of R inputs. It is assumed that the set is
convex and exhibiting free digposability of outputs and inputs. Farrell (1957) technical
efficiency measures can be defined with respect to this set, and they are identicd to distance
functions (introduced to economics in Shephard, 1953) or their inverse. The input-oriented
technica efficiency meesure, B, for unitj is:

El,J:El,j(yj’Xi) :Minq{q |(yj,qxj)TT}, (4)
i.e. we seek the maxima uniform proportiond contraction of dl observed inputs alowed by
the feasible technology set. The output-oriented efficiency measure, E,; for unitj is

0._1
Xl Ty, S
Xﬂ E ®)

E,; = Ezyj(yj,xj) = Min];j gaejy_]

i.e. we seek the maximal uniform proportiona expansion of al observed inputs alowed by
the feasible technology st.

Introducing a set of N observationsthe s&t, T, is estimated as a piecewise linear set by:



T=i (yx): 810 Yan® Yo (M M), x5 &1,%, (T R), 1,50 (W N)y, (©)

7 nl N ni N b
where | , isthe weight for observation n when defining the reference point on the frontier,
and N, M, R are al'so used as symbols for the index sets. It is assumed that the envel opment
of the data is done as "tight” as possible, i.e. minimum extragpolation and incluson of al
observations are assumed. Furthermore, constant returns to scae (CRYS) is specified. A
goecid form of variable returns to scade (VRYS) is obtained by redricting the sum of the

weights to be 1.
J
al, =1 (7

=1

A piecewise linear production set with (7) included weas firgt formulated in Afriat (1972) as
the rlevant st for efficiency andyss.

The estimator for the input-saving efficiency measure for observation j isthen:

B =Minia: Al vl 1T M) s, # ALk ("R, &1,=11,000 N)g ®
This problem is alinear programming problem with N+1 unknowns and M+R (CRS) (+1 if
VRS) constraints, and can be solved in a standard way". Following Charnes et d. (1978)
this is cdled the DEA modd. The VRS case was reintroduced by Banker et d. (1984),
without reference to Afriat (1972). A similar program can be set up for the output-oriented

measure based on (4).

The Farrdl technicd efficiency measures are radid, and measure the reldive distance to the
frontier from an observation. There are two naturd directions keeping output fixed and
input-orient the measure, and keeping input fixed and output-orient the measure. The
efficiency measures can be interpreted as total factor productivity measures in the standard

meaning of an index of outputs on an index of inputs. The input—oriented (or iNput-saving)

! We are using an in-house program of the Ragnar Frisch Centre.
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measure is the ratio of the productivity of the observation and the corresponding reference
point on the frontier, keeping outputs congtant. The output-oriented (or output-increasing)
measure is the ratio of the productivity of the observation and the corresponding reference
point on the frontier, keeping inputs congtant. Since the numerators (denominators) of the
productivity indices in the input-oriented (output-oriented) case are identica, we do not
have to worry about how the output (input) index is congtructed. The efficiency score is
basad on proportiona change of adl magnitudes. Assuming that the input (output) index is
homogenous of degree 1 in the inputs (outputs), the unknown input (output) index for the
observation cancels out, and we are left with the efficiency score (see Farsund (1997) for

further explorations).

For a VRS frontier technology the basic efficiency measures are extended to cover scae
(see, Farsund and Hjdmarsson, 1974, 1979). A sort of a scale measure, termed gross

scale measure in Farsund and Hjamarsson (1979), but here renamed more

Output CRS-frontier
A Referencing units, peers (E1)
v VRSHfrontier
M
Yo c C
/ Self evaluator
VB
B
yl I F §\ Pl
J/ ——— Frontier reference point (E1)
Ya A
J = Output-slack (E1)
Y2 C P,
0 XXaXe Xg X2 Xg Input

Figure2. DEA frontier, concepts and efficiency measures

2 In order to keep the linear programming format a maximisation problem is solved with 1/j as
variable.
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appropriately technical productivity measure, is defined as the ratio of the productivity
of the observation and the productivity at the corresponding (i.e. keeping observed output
ratios and input retios) technically optima scae point on the frontier. We know
(see Frisch (1965) or eg. Farsund, 1997) that the latter productivity is maximal. The pure
scale measures defined in Farsund and Hjamarsson (1979), here smplified to scale
measures may adso be interpreted as productivity measures by forming ratios of
productivities with the input- and output corrected reference points respectively on the
frontier and optima scale point. To redise that dso in these cases we do not have to know
the productivity indices is a little more involved, and require the introduction of the
enclosure of the VRS production function by the smallest cone, i.e. a CRS technology. We
will return to this explanation after the graphical presentation of the DEA frontier and the
efficiency measures provided in Figure 2. Two inefficient units, P, and P, are shown, and the
concepts used in the DEA andysis are introduced. The efficiency measures for observations
P, arel

Input - saving efficency: B = X= /X

Output - increasing efficiency: B = y1 /ys

Technica productivity: B = (Y1/X.)/(Ys /%)= E1 (CRS)=X/X=E; (CRS)= y1/ym

Scae efficiency, input orientation: B, = Es / E; = (Y1 /%e) / (Vs /Xs)

Scale efficiency, output orientation Es = Es / E; = (Yo /%) / (Vs /%)
The way these measures are defined they are dl between zero and one. The productivity-
and scale measures can be expressed as ratios of productivity of the observation, P, and its
two corresponding frontier points, F and G respectively, and the maximal productivity at the
frontier at B. These measures can also be expressaed as retios of the dopes of the rays from
the origin through these points and the dope of the ray to the point of maxima productivity,
B. Returning to the productivity interpretation above for the &, E and & measures in
generd, note that the productivity measure is identica to the input- and output-oriented
efficiency measures with the CRS support technology as the frontier reference technology,
as stated above for Figure 2. But this is a generd result because with more dimensions we

require that observed output ratios and input ratios are kept fixed. Therefore, the last two
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reations are adso genera. These can than be used to give E; and Es productivity

interpretations.

The two main technologies, CRS and VRS are shown in the figure. We note the specia
feature of VRS in the DEA case the technology does not include the origin. A non-
increasing returns to scde technology (NIRS) could dso be specified, in Figure 2 with
OBCD asgraph.

The terminology we will use is indicated in Figure 2. The efficient units when cdculaing the
efficiency score for an inefficient unit are termed referencing units or peers i.e. the efficent
units with pogtive 8-weights in (8), and the point on the frontier is the reference point.
Cdculating, inthe VRS case, E; for unit P, units A and B are referencing units (peers) and
F is the reference point. Unit D is efficient, but is aself-evaluator cdculating both input-

and output- oriented measures.

We know dacks are an integra part of a LP problem. In Figure 2 we have an output-dack
when cdculating & for unit B. With more dimensons we can dso have input (output)-
dacks when caculating input (output)-oriented efficiency, and we have a choice of
presenting the radia efficiency measures, or non-radid ones including dacks (see eg.

Torgersen et d. (1996) for an overview).

Finaly, the LP programme aso caculates the dua and gives us dl the shadow prices, which
can be utilised to caculate marginal transformation rates and productivities.

The Farrdl technica efficiency measure in the CRS case (E; = E; ) is the most used, but
aso the extended Farrdll measures have been used in the literature under various names.
However, the comprehensive scheme offered above, predating this literature, based on

Fersund and Hjalmarsson (1974) and (1979) seems to have gone mainly unobserved’.

% For instance, Banker et a. (1984) call E; for "technical and scale efficiency”, and E; for
"(input) scale efficiency”, while Fére and Lovell (1978), Fare et al. (1985), Fére et d. (1994)
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4. Data and definitions of variables

The care sarvices are of two generd types; inditutionalised care and home-based care. The
home-based care is either nurang/medicad or generd assstance. The only available
information is on number of dients recaiving the three types of services, and their
digtributions on a few age groups. The level of care each client is receiving is based on two
condderations. available resources of the municipdity and level of need. The rate of number
of clients to the number of potentiad “customers’ varies across the municipdities. However,
this is not sufficient to say that the leve of services provided varies. Norway is a very
egditarian country. The available gatigtics do not tell us enough about the digtribution of
needs across the potential customers except for the variation in age group structure. The
best we can do under the circumstances is to choose age groups as a proxy for different
average needs, and to assume ether that the main factor determining provision of servicesis
a professond assessment of needs, or that the ratio of clients in need of services and the

potentia population is stable across municipdities.

Ingtitutions dso provide short-term services, such as rehabilitation or short -term stays to
relieve families. This output is measured as the net number of dlients exiting during a year
(i.e. disregarding degths). The only obtainable quas qudity variable is number of single-bed

rooms.

The mgor input is labour, absorbing about 60% of the tota current cost. Some classification
on skill groups is available. However, the rationship between them is rather fixed, one

do not recognise & as a scale measure, but as a technica efficiency measure for CRS
technology, probably due to & = E; (CRS) = E (CRS), and cal E input scae efficiency
measure and Es output scale efficiency measure.
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reason being a common labour union covering dl municipdities. Sources for inefficiency may
be found in support activities like adminigtration, provison of food and cleaning. However,
we cannot go to that detail, and we lump labour together. The other input is current
expenditures (excluding wages), covering food supplies, cleaning, hesting, transportation,
etc. Dataon capita inputs are not available.

The efficency analyss is conducted on nationd datigtics for nursing home services in each
municipdity in Norway for the year 1995 (Statistics Norway, 1996). According to the
discusson above, production of nurang home sarvices is divided into 13 variables of which
10 are outputs, one is a qudity-proxy and two are inputs. The analyss is based on 471
municipalities. Table 1 shows the DEA-variables and descriptive satigtics.

Table 1 DEA-variables, descriptive statistics 1995.

Per municipdity.

Vaiade Tota
Aveage Stddev. Min  Max

Outputs
Number of receivers of:

home care nursing services 0-17 year 236 0.5 13 0 16
home care services 0-17 year 245 0.5 2.1 0 30
home care nursing services 18-79 year 33652 71 80 0 713
home care services 18-79 year 57591 122 156 2 1298
home care nursing services 80 year + 35577 76 90 2 652
home care services 80 year + 60137 128 162 3 980
Numbers of:

nursaing home residents 0-17 year 36 008 06 0 8
nursing home residents 18-79 year 11770 25 29 0 279
nursing home residents 80 year + 30938 66 74 1 748
net discharged nursang home residents 45893 97 138 0 1585
Quality

Number of single-bed rooms 30987 66 79 3 804
Input

Number of man-labour years 68563 146 163 7 1528

Operationd costs (in NOK 1000) 4022334 8540 14266 174 159099
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According to Table 1 there is large variations between the municipdities, eg. the smdlest
municipdity has just one nurang home resdent in the age group 80 + while the largest
municipdity has 748 nursng home residents in the same age group. An average municipaity

has 66 nursng home residents who are 80 year and above.
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250 T 300
250 T 1
200 T
200
150 T 1
150
100
50
0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Panel a) Number of receivers of home care nursing Panel b) Number of receivers of home care
services 80 + per 100 man-labour year services 80+ per 100 man-abour year
1407 1601

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Panel ¢) Number of residents of nursing Panel d) Number of single bed rooms per 100
homes 80 year+ per 100 man labour year man labour years

Figure3 Salter-diagrams. Relative size measured as shar e of total output

One way of assessing the structure of the data is to cdculate ratios between output- and
input variables, and organise the results of these partia productivities in diagrams inspired by
Sdter (see Farsund and Hjamarsson, 1987). Examples for four outputs and one input are

shown in Figure 3.
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Each hisogram represents a municipdity. The width of the higogramsiis the rdative share of
the output in question. The generd impression is of a large variaion in patid productivity
between municipalities. As to location of units according to Sze, we see clearly in Pand @)
that large municipdities have a higher number of dients receiving nuraing in their homesin the
age group 80+ than smdl municipdities per unit of [abour input. This is dso the case for
receivers of home care, dthough not quite so pronounced. For ingtitutions we do not see this
Sze-dependent pattern, except for a tendency for smal municipdities to be a the “worst
practice’ tail. For sngle —bed roomsit isinteresting to see that there is dso a group of small
units at the “best practice” tail.* The diagrams can aso be used to detect outliers as a Start of
adata checking process. We see examples in each pand, especidly in Pands a) and d). The
best practice observations will be especidly important to check due to the frontier
approach.

It is of vita importance for the credibility of the caculated DEA-scores that the quality of the
output and input detais adequate, especialy sinceit is our intention that the efficiency-scores
ghdl give vduable information in the management of the production of nursng home
sarvices. Severd leaders in the municipdities pointed out to us during the project tha the
data was of bad quality. This lead to a control of the data where we asked 23 municipalities
whether the registered datistics was correct or not. The evauation is documented in
Erlandsen et d. (1997). The data control showed that there were very few faults in the
regigtration of the data in the Statistics Norway. We should add that this check is not a test
of whether the data measures what it is intended to measure, but to what extent there were

faultsin the regidtration of data reported from the municipdities.

* It would have been even more illuminating in the last case to study the number of single-bed
rooms per client. This is done in Erlandsen et d. (1997), and shows larger municipdlities to
have rdatively higher single-bed room ratio.
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5. Results

Average tendencies

We have caculated dl five measures defined in Section 3 and the average results are set out
in Table 2. A VRS-technology is assumed, but as pointed out the measure E;

Table 2. Radial efficiency scores.

Efficiency meesures Average Standard - m
deviation

EL: Input saving 0.76 0.17 0.22

E2: Output incressing 0.78 0.16 0.26

E3: Technicd productivity 0.70 0.16 0.22

E4: Scale (input-oriented) 0.93 0.10 0.55

ES5: Scale (output-oriented) 0.90 0.11 0.55

may be interpreted as showing efficiencies according to a CRS-technology. The average
levelsfor the two first meassures B, and E, indicate roughly a potential for resource savings
of 24 per cent, respective a production incresse of (1/0.78 —1)100= 28 per cent, while the
technicad productivity measure E; indicates a somewhat larger

potentia for productivity improvement if al units operate at optima scae. The vaues for the
two first measures are quite close, in fact the corrdation over the sample is 0.99. The
vaiation in efficency is subgantid for al three measures, as indicated by the two last
columns (the maxima vaues for the efficiency measures are one). The (pure) scde efficiency
measures & and Es show less potentia, average productivity may increase with 7.5% and
11% respectively, as is naturd since technica inefficiency is removed by assumption.
However, scde changes are not redly relevant for policy purposes, snce we are a the
municipdity level. But in generd we can say tha there is a tendency for large municipaities
to exhibit diseconomies of scae, being too big, to a greater extent than smal municipdities
being too smdll.
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The piecewise linear production technology opens for dacks in the solution of the LP modd.
It may therefore be relevant to consider the potentia for input savings or output increase
including the dacks. Following the procedure explained in Torgersen et d. (1996) (see dso
Figure 2) the average results are presented in Table 3. Including

Table 3. Slack-adjusted output-oriented efficiency scores. VRS technology.

Vaidble Averages Standard Min Sack
deviaions share
Home nursing
Clients 0-17 years 0.39 0.46 000 0.78
Clients 18-79 years 0.63 0.24 011 055
Clients 80+ years 0.66 0.23 011 058
Home care
Clients 0-17 years 0.67 0.45 000 0.70
Clients 18-79 years 0.70 0.20 014 034
Clients 80+ years 0.66 0.22 0.10 0.46
Institutions
Clients 0-17 years 0.74 0.44 0.00 0.97
Clients 18-79 years 0.69 0.22 000 031
Clients 80+ years 0.73 0.19 0.02 0.27
Net discharges 0.60 0.32 000 0.61
Sngle rooms 0.72 0.21 0.08 0.22
Inputs
Labour, man-years 0.76 0.17 022 0.02
Current expenditures  0.73 0.19 014 026

dacks will necessary show lower (or equal) efficiency scores. The measures are variable-
specific, and the average results vary in the range of 0.60 — 0.76, with the exception of the
vaue for the output variable home nurang for clients in the age group 0-17 years. This age
group exhibits, in fact, a higher share of dacks in the formation of the efficiency scoresfor al
three categories, and this is dso the case for rehabilitation (net discharges). The extreme
results of adack share of 0.97 for the age group 0-17 years in indtitutions is due to the high
number of units with zero observations for this variable. The dack share results could be
utilised for aggregating output variables. The number of dimensions seem to be too high if

one wants to come closer to afully faceted frontier surface.
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Efficiency distributions

The digributions for the radid efficiency measures are set out in Fgure 4, filling in the
variation within the range of the extreme vaues in Table 2. Each higogram of the sorted
digribution represents a municipdity, and the width is proportiond to a Sze variable.
Ingpecting Panels &) and b) we see a typicd pattern of smal units having lowest efficiency
scores, and large units being efficient. This dichotomy is dightly more pronounced for the
output-oriented measure. The efficient units represent about 30 per cent of the total number
of dientsin the age group 80+ serving as the measure of size, and the smdl units condtitute
the “worst performing” tail representing aso about 30 per cent of these clients.

Panel ¢) shows that technica productivity (or the results for a CRS technology) has another
type of digribution. The share of the efficient units has shrunk to about 10 per cent, and is
gill dominated by large units, but the rest of the distribution does not portray any systematic
location of size groups.

The scde efficiency measures set out in Panels d) and €) are quite Smilar, but different from
the three others. The medium-szed units now conditute the “worst performance’ part
representing about 30 per cent of the dients, while the units close to being efficient are
dominated by smal municipdities. The efficient part is by definition the same as for the
technical productivity measure, and is dominated by large units.
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Figure 4. Efficiency-scores.

Relative size is measured by number of receivers of home care nursing
services 80 year +

The peers

Corresponding to the reatively high number of outputs and inputs, compared to other
gudies, we have that 78 of the units are efficient when looking at the input-saving or output -
increasing measure. As away of showing the importance of these units as “role modds’ for
the inefficient units we have cdculated the Peer index defined in Torgersen et d. (1996) for
the output-oriented measure E. It is illusirated by the pie diagrams in Figure 5 (based on
dack-adjusted efficiency scores). The percentage number given outside the piece of pie is
the rdative increase in the pecific output that may be redlised if dl the inefficient units having
the peer in question as a reference unit would become efficient. The weights of the peers as
reference units are used to caculated the index. Of the 78 units it turns out thet there is a
limited number that are the most important. Concentrating on the five most important peers
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the least important peer has a peer index vaue of four or five, and the most important, that is

the same for dl outputs shown, a maxima index vaue of 20. The peers differ somewhat in

index values according to type of output.
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Figure 5. Peer index
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Sengitivity analysis

The dack andysis indicated that our mode might have too many dimensions. We will here
report only on one forma test of the mode specification concerning the quasi-qudity
vaiable sngle-bed rooms. There is a quite expensve plan in Norway for extending the
coverage of sngle-bed rooms within afew years, while the opinion of the profession is that
sngle-bed rooms is not so important for qudity. It is therefore of specid interest to test
whether provison of sngle-bed roomsinfluence efficiency. The test design isto compare the
efficiency scores for the output-oriented measure in the case of including and excluding the
sngle-bed room variable. The null hypothesis is that the average efficiency scores are the
same. Using a t-test (see Banker (1993) and Kittelsen, 1998) we cannot reject the null
hypothess. The average vaues are 0.775 without single-bed rooms and 0.778 with (the
efficiency scores are increasing in the number of dimensions). Furthermore, a rank
correlation between the efficiency scores gave a correlation of 0.98. Figure 6 shows the
digtribution of deviations. (The histograms have been extended below the 0.00 line to see
the location of units according to Sze.)) We have that for units representing about 60 per cent
of the Sze variable (total number of clients), there is no perceptible difference in the scores.

030

025

020
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Figure 6. Test of single-bed rooms

There are subgtantid differences for a few units, but an average difference of only 0.04 in
score values for the units with difference. We note that it is the medium-sized units thet
experience some differences, while the mgority of large and smdl units have stable vaues.
One explanation of the results is that the extra current resources used in providing single-bed
rooms are inggnificant for our input vaues, and that this output is not limiting when solving
the programming problem (8) for the scaar-valued efficiency index.

6. Concluding remarks

The analyss has revedled quite a subgtantid difference in efficiency between municipditiesin
the provison of inditutiondised and home based care. Peer municipdities have been
identified, and inefficient municipdities could learn from studying closer the organisation and
operation of the peers.

However, we have not been able to measure the ideal output variables, but been forced to
work with counting of clients. The disaggregeation into age groups may not be sufficient to
capture differences in resource use due to providing different levels of qudity. Counting the
number of dients in home care may be especidly vulnerable to variaions in quality. But we
have tested for whether the share of clients in home care has an effect on efficiency scores
without finding any sgnificant effect. Regidration of time spent with clients would be an
improvement. This should be possible to get data for within existing datisticd sysems a the
primary level. But establishing data on the idedl states of clientsis alonger-term project.

Studies concerned with the resource alocation process within municipdities may indicate
varidbles that can explain differences in efficiency scores. We have experimented with a
two-stage procedure correlaing efficiency scores with exiging interview data on client
satifaction, and organisationa characterigtics of the municipdity, but without coming up with
sgnificant effects (see Erlandsen et d., 1997). Other variables that may be of interest are the
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coverage of services in relaion to demographic characteristics, and socio-economic

variables such as income per inhabitant, etc.

References

Afriat, S. (1972): “Efficiency estimation of production functions’, International Economic
Review 13(3), 568-598.

Banker, R.D. (1993): "Maximum likelihood, consstency and Data Envelopment Analyss. a
datigica foundation”, Management Science 39(10), 1265-1273.

Banker, R. D., Charnes, A., and W. W. Cooper (1984): "Some models for estimating
technicd and scde inefficiencies’, Management Science 39, 1261-1264.

Chattopadhyay, S. and S.C. Ray (1996): "Technical, scale, and size efficiency in nursing
home care: a nonparametric andyss of Connecticut homes', Health Economics 5, 363-
373.

Charnes, A., W.W. Cooper and E. Rhodes (1978): "Measuring the efficiency of decision
making units', European Journal of Operationational Reasearch 2(6), 429-444.

Dusansky, R. and PW. Wilson (1994): "Technicdl efficiency in the decentrdized care of the
development disabled”, The Review of Economics and Statistics 76, 340-345.

Erlandsen, E., F.R. Farsund, E. Hernass og S.B. Waden (1997): “Effektivitet, kvaitet og
organisering av pleie- og omsorgssektoren i norske kommuner”, SNF-rapport nr 91/97,
Stiftelsen for Samfunns- og Nagingdivsforskning, Odo.

Fardl, M. (1957): "The measurement of productive efficiency”, Journal of the Royal
Statistical Society, Series A (General), 120 (111), 253-281 (290)

Frisch, R. (1965): Theory of production, Dordrecht: D. Reidd.



27

Fae R. and C. A. K. Lovel (1978): "Measuring the technica efficiency of production”,
Journal of Economic Theory 19, 150-162.

Fare, R., S. Grosskopf and C. A. K. Lovdl (1985): The measurement of efficiency of
production, Bogton: Kluwer - Nijhoff.

Fare, R., S. Grosskopf and C. A. K. Lovell (1994): Production frontiers, Cambridge:
Cambridge University Press.

Farsund, F.R. (1997): “The Mamaquist productivity index, TFP and scale’, Memorandum
no. 233, Dept. of Economics, School of Economics and Commercid Law, Goteborg
Universty.

Farsund, F. R. and L. Hjdmarsson (1974): "On the measurement of productive efficiency”,
Swedish Journal of Economics 76 (2), 141-154.

Farsund, F. R. and L. Hjamarsson (1979): "Generdised Farrdl measures of efficiency: an
goplication to milk processing in Swedish dairy plants’, Economic Journal 89, 294-315.

Farsund, F.R. and L. Hjamarsson (1987): Analysis of industrial structure - A putty-clay
approach, The Indugrid Ingtitute for Economic and Socid Research, Stockholm: Almavist
& Wiksdl Internationd.

Gjerberg, E. (1995): "Nursing home qudlity: different perspectives among residents, relatives
and staff, aquditative study", Vard i Norden 15, 4-9.

Kittelsen, SA.C. (1998): Using Data Envelopment Analysis to Measure Production
Efficiency in the Public Sector, Universitetet i Odo @konomiske Doktoravhandlinger Nr.
45 - 1998, Sosa gkonomisk Ingtitut.

Kooreman, P. (1994): "Nursng home care in The Netherlands: a nonparametric efficiency
andyss', Journal of Health Economics 13, 301-316.

Lewin, A.Y. and Minton, JW. (1986): "Determining organizationd effectiveness. Another
look and an agenda for research”, Management Science 32(5), 514-538.

Newhouse, JP. (1994): "Frontier estimation: How useful atool for hedlth



28

economics ?', Journal of Health Economics 13, 317-322.

Nyman, JA. and D.L. Bricker (1989): "Profit incentives and technica efficiency in the
production of nurang home care’, The Review of Economics and Satistics 71, 586-594.

Rosko, M. D. et d. (1995): "The effects of ownership, operating environment and Strategic
choices on nurdng home efficency, Medical Care 33, 1001-1021.

Shephard, R. W. (1953): Cost and production functions, Princeton: Princeton University
Press.

Statistics Norway (1996): Satistical Yearbook 1996, Odo-Kongsvinger.

Torgersen, A.M., F.R. Farsund, and S.A.C. Kittelsen (1996): "Sack-adjusted efficiency
measures and ranking of efficient units’, Journal of Productivity Analysis, 7, 379-398



