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Abstract: This paper considers multi-dimensionally comprehensive evaluation in social
systems analysis. We have been employing the weighted sum of evaluation items when
these items are quantitative. However, this evaluation cannot but be somewhat arbitrary
because of the difficulty to define a priori weighting. We attend to that DEA (Data
Envelopment Analysis) makes it possible to comprehensively evaluate without defining
such weighting. It is a non-uniform and relative evaluation with flexible weighting that
can vary by object being evaluated. There seem to be many cases for which such non-
uniform evaluation is rather suitable. Through some application cases, this paper shows

the appropriateness of the non-uniform and comprehensive evaluation.
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1 Introduction

This paper addresses evaluation or decision-making in social systems analysis, i.e., model
analysis of social systems. To evaluate or to assess is to judge the quality, performance, etc. of
objects, which is used as a standard of the subject’s behavior. When we put emphasis on the face of
determining behavior, we may say decision-making instead of evaluation. 'We evaluate and then
make a decision, so that there should be no decision-making without evaluation.

Evaluating objects requires considering from what point of view to see. We arc usually unable
to make do with evaluation of a single aspect because of the complexity of social systems, That is,
we must see the multiple aspects comprehensively, im_plying the simultaneous use of many evaluation
items, each of which reflects some aspect of objects.

As a comprehensive evaluation tool, we have been employing the weighted sum of evaluation
items when each of which is quantitative. However, since it is difficult to define such a priori
weighting, we must say that evaluation in terms of the weighted sum often has some arbitrariness.
Further, if we employed this type of weighting system, resulting discussions might lead to uniform
evaluation of objects with varying characteristics.

This paper considers a multi-dimensionally comprehensive evaluation without using the a
priori fixed weights with some arbitrariness. It is a relative evaluation that employs a flexibly
defined weighting system corresponding to each object. Moreover, it is a non-uniform evaluation
different from traditional ones, making a good use of each object’s characteristics. DEA (Data
Envelopment Analysis) enables such a new evaluation capable of meeting the above-stated conditions.
That is, this paper focuses on non-uniform and comprehensive evaluation using DEA, and shows its
applications to social systems. In the next section, we first explain DEA as an evaluation tool, and in

the third section, we demonstrate some application cases.

2 Evaluation using DEA

2.1 The basic DEA model



DEA, developed first by Charnes ef a/. [1], is a mathematical programming technique for
measuring the relan:ve efficiency of DMUs (Decision Making Units), i.c., objects, with multiple inputs
and multiple outputs (see e.g., [2, 3] for overviews). The basic model for computing efficiency score
hy (0 <hy< 1) of target DMU ji is formulated as the following fractional programming problem with

decision variables u,, v;:

t

Maximize hjo = (2.1a)
;Vf Xio
I
subject to H——<l, j=1..,n, (2.1b)
Vi Xy
i=1
u,v,>0, r=L...ti=1....m, (2.1¢)

where y,; = the amount of output » from DMU j; x; = the amount of input ; to DMU j; «, = the weight
given to output »; v; = the weight given to input #; # = the number of DMUs; ¢ = the number of
outputs; m = the number of inputs,

DEA efficiency scores of all the DMUs can be found by solving problem (2.1) (we can solve
this through converting into a linear programming problem} » times, setting each DMU as target
DMU j, in turn.  Here, DMUs j, with the maximum /" = 1 are judged DEA efficient, while the other
DMUs with Ay, < 1 are DEA inefficient.

Model (2.1) has a structure in which the efficiency is defined as a ratio of the weighted sum of
outputs to that of inputs, and the weights are variable. Target DMU j, being evaluated is measured
whether its efficiency can rank top (4, = 1) or how near it can come closer to the top when the DEA
score of the top is supposed to be unity (41,” <1). That is, each DMU is relatively evaluated in terms

of the weights that best suit itself, and the number of DMUs judged DEA efficient is usually multiple.

2.2 Applying to non-uniform and comprehensive evaluation



DEA examines how efficiently DMUs convert multiple inputs into multiple outputs. That s,
any DMU producing more outputs with fewer inputs is judged relatively efficient. However, DEA
models do not necessarily assume such organic relationships between inputs and outputs as those in
production [see model (2.1)]. Thus, replacing inputs with negative evaluation items (the smaller the
value, the better) and oﬁtputs with positive evaluation items (the greater the value, the better), yields a
combined evaluation of these items. This is a comprehensive evaluation in terms of the weighted
sum in that it replaces a uniform evaluation using an a priori weighting system with a flexibly defined
weighting system corresponding to each DMU [4}],

This is also a non-uniform evaluation. Today, in an age of individuality, there would be many
cases in which it is not meaningful to uniformly evaluate objects because each has different feature
characteristics. In such cases, we think it fair and reasonable to employ DEA evaluation since it has
a flexible weighting system that can vary by DMU.

We should here note how the various perspectives in the current paper differ from that of
production efficiency in the usual DEA sense. In production, an input is something going into the
system while an output is something céming out of the system, and there exist organic relationships
between inputs and outputs.  On the other hand, we may choose evaluation items without
considering such relationships between negative and positive evaluation items. There can be no
outputs without inputs in production. Yet, here, it is possible, for example, to have only negative
(i.e., pure input DEA model) or only positive (i.e., pure output DEA model) evaluation items [4, 5].

This paper shows such DEA application cases, each of which was carried out by those
including the author.  Besides these cases, we can find few “non-standard” applications beyond
efficiency analysis though an increasing number of DEA applications have been reported.  Prior to

that, we explain two extended DEA models necessary for demonstrating those applications.
2.3 The extended DEA models

231  DEA/AR model



DEA is able to define a weighting system for inputs and outputs corresponding to a target DMU,
This approach is in sharp contrast to the unified and uniform evaluation of using an a priori weghting
system. A compromise between these two approaches is represented by DEA/AR (DEA/ Assurance
Region) analysis (Thompson ef al. [6]). In model (2.1), we can discriminate the importance of
evaluation items by bounding the ratios of weights, e.g., 1, /4, 2 2. DEA/AR analysis aims at a
more realistic analysis by incorporating experiences and expert opinions in the shape of constrained
weight system.  We should here note that the DEA/AR model requires some normalization of input

and output data.
2.3.2  DEA exclusion mode!

It is a distinctive feature of DEA that multiple DMUs have the maximum DEA score unity. In
DEA exclusion model (Andersen and Petersen [7]), the DMU being evaluated is excluded from the
comparison sct by letting constraint (2.1b) be forj=1, ..., n,j # J,. Through this, for DMU j, with
DEA score /1, < 1 whose comparison reference is the top DMU not being j, itself, its DEA exclusion
score is equal to s, . While for DMU j, with 4, = 1, its comparison reference would be a DMU in
the second place, and the DEA exclusion model measures how far the DMUJ,; can have a lead on the
second place when the score of the second place is supposed to be unity [8]. Therefore, the DEA
exclusion model allows DEA scores for DEA efficient DMUs to exceed unity, so that it can

discriminate DEA efficient DMUs in terms of the DEA exclusion scores.
3 Some application cases
We can grasp an outline of a DEA analysis through knowing its DMUs, inputs and outputs.

Therefore, in each of the following application cases, we first show those three though the cases do

not necessarily have inputs and outputs in the production efficiency sense.



3.1 QOL analysis of Japan's prefectures [4]

DMUs: 47 prefectures of Japan
Inputs: 1 Suicide (Suicides per population)
2 Crime (Criminal cases recognized by police per population)
3 Traffic accident (Persons killed in road traffic accidents per population)
4 Bankruptey (Bankfuptcy cases per company)
Outputs: 1 Hospital bed (Hospital beds per population)
2 Income (Per capita prefectural ingome)
3 Water quahty (Proportion of water resources achieving national standard)

4 House space (Per capita area of house)

This study relatively evaluates QOL (Quality-Of-Life) of Japan’s 47 prefectures in terms of
eight social indicators, which are chosen as those reflecting four aspects: health, safety, economy and
environment. QOL should be measured through multiple aspects, so that we usually use the
indicators” weighted sum as an integrated measure.  But, it is difficult to define such a priow
weighting because of the complexity and variety of human preference, i.e., because QOL is a personal,
subjective and/or sensitive matter. Therefore, we can consider employing a DEA evaluation without
using a priori fixed weights.

We apply negative and positive social indicators as inputs and outputs in DEA, respectively.
Therefore, any prefecture with greater positive and smaller negative indicators than others is judged
relatively livable (DEA livable). We should here note that we may choose negative and positive
social indicators without considering organizational relationships between them., Further, we need
not always select the same number of negative and positive indicators, and we need not make the
directions of negative and positive indicators coincide in case of integration.  This study would have
been the first DEA analysis in terms of multiple inputs and multiple outputs with no relations.

The results of the analysis found 26 DEA livable prefectures out of the 47, each of which has its
own feature characteristics. Further, a DEA/AR analysis reduced the m-lmber of DEA !ivaﬁle
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prefectures into twelve. In this way, we can avoid indiscriminately uniform comparisons of

prefectural QOL in terms of DEA evaluation.

3.2 Time series analysis of Japan's QOL [9]

DMUs: 35 years (1956-1990)

Inputs: 1 Suicide (Suicides per population)

b2

Crime (Criminal cases recognized by police per population)
3 Traffic accident (Persons killed in road traffic accidents per population)
4  Unemployment (Ratio of totally unemployed persons to labor force)
QOutputs: 1 Life expectancy (Life expectancy at birth)
2 Income (Per capita national income deflated by consumer price index)
3 Forest area (Per capita area of forest)

4 Water service (Diffusion rate of water service)

We here examine whether QOL of Japan has gotten better for the period 1956-1990 by
observing its transition. In terms of data on social indicators for the period, we would like to
relatively evaluate Japan’s QOL like the analysis shown in subsection 3.1. A time series DEA
analvsis treating each vear as a separate DMU makes it possible.  For such DEA analyses with
separate years as DMUs, we can find [10] as a DEA efficiency analysis.

The study found 20 DEA livable years out of the 35. Two DEA/AR analyses considering the
trade-off between economy and environment designated eight years as the best-balanced years among
the 20, most of which are in the period 1966-1980. It is concluded that we cannot simply say that

QOL of Japan has gotten better or worse for 1956-1990.

3.3 Baseball batters evaluation [11]

DMUs: 66 pro baseball batters



Inpuis: I At bat (Number of being at bat)

2 Double play (Number of having double and triple plays)
Qutputs: 1 Hit (Number of hits)

2 Walk (Number of walks)

3 Steal (Number of bases stolen)

4 Sacrifice (Number of sacrifices)

RBI (Number of runs batted in)

Lh

This study evaluates pro baseball batters. In assessing them, we tend to focus our viewpoints
on batting average, home runs and RBI (Runs Batted In). These three dimensions are traditioﬁally
used to demonstrate batting prowess as the friple crown frontier. However, considering that a
batter’s mission is contributing to runs, we should take also steals, sacrifices, etc. into account.

When we see those contributions comprehensively, a uniform evaluation would not be fair because
each batter’s article for sale is different. Therefore, it is desirable to evaluate batters making a good
use of their feature characteristics.

In this DEA analysis, we employ the basic consideration of how efficiently a batter converts the
given opportunity of being at bat into contribution to runs. The contribution is further divided into
getting bases (hit and walk), advancing bases (steal and sacrifice), scoring (RBI) and negative
contribution (double play). Here, we consider double play as an input because the smaller the value,
the better, making it apart from efficiency analysis. Home run is not employed as an cutput because
we generally observe a very high correlation with RBI.  These are the difference from [12] DEA-
evaluating batters in terms of the traditional triple crown frontier.

The results of the analysis found 16 DEA outstanding batters out of the 66, which inciude those
far from the triple crown frontier as well as sluggers. A DEA/AR analysis discriminating the
importance of outputs and considering at-bat as nondiscretionary selected three batters as DEA/AR

outstanding.

3.4  DEA selective examination sysfem [13]



DMUs: 50 applicants

Inputs: None

Outpuis: 1 Mathematics (Examination score on Mathematics)
2 Science (Examination score on Science)
3 Japanese (Examination score on Japanese)
4 Soctal studies (Examination score on Social studies)

English (Examination score on English)

h

We propose a selective examination system applicable to the university entrance examinations
of Japan in the case where the following opinion is taken into consideration: University students are
too uniform in these days, i.e., “unconventional” students are seldom seen; To make university
students be rich in diversity and variety, we should admit also those who are brilliant in some
academic subject but not necessarily in all as “masters of an art”.

That is, the examination system here is required to be one that can select “masters of an art™
as well as “jacks of all trades™ (scoring quite well across all the subjects) as successful candidates.
The examination is on paper and on five key academic subjects in Japan (see outputs). Further, the
number of candidates taking the examination is 50, and the allocation of successful candidates is 25.
Usual examination systems would select “jacks of all trades” so as to fill up the allocation in order of
the total examination score. It could not select “masters of an art” because of their relatively low
total-scores. A DEA examination system enables this,

The pure output DEA model applied here found three DEA efficient candidates out of the 50.
They are DEA brilliant in the sense that each can rank top in terins of the weights optimal to
himself/herself, i.e., no other candidates dominate them. Therefore, removing them as successful
candidates of the first stage, we apply DEA to the remaining candidates. Repeating this selection up
to the stage at which the cumulative number of successful candidates is equal to the allocation or
more.

The results selected a total of 29 candidates up to the fourth selection stage (first: 3; second: 4;
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third: 10; and fourth: 12). These successful candidates certainly include “masters of an art”, so that
we can here see a property peculiar to DEA vs other comprehensive evaluation tools, i.e., multiple
candidates with various featured characteristics can rank top.  If we must adjust the number of
successful candidates exactly to the allocation, we may leave out four amongst the candidates selected
at the last stage using techniques for discriminating DEA efficient DMUs (e.g., [7, 14]).

Rather, we should here note the faimess among the candidates. In this DEA examination
system, every candidate can equally be evaluated in terms of criteria that best suit himself/herself.
We think it fair and reasonable to use DEA for selecting candidates because the evaluation criterion

has to be equal, but would not have to be uniform across the candidates.

3.5 Ranked voting systems analysis [8]

DMUs: 14 candidates

Inputs: None

Outputs: 1 First place (Number of first place votes)
2 Second place (Number of second place votes)
3 Third place (Number of third place votes) .
4  Fourth place (Number of fourth place votes)

5 Fifth place (Number of fifth place votes)

This study addresses ranked voting systems in which each voter selects and ranks the top ¢
candidates. The problem is to determine an ordering of all » candidates by obtaining a total score s;
=Y.~ u,y, for each candidate j, j = 1, ..., #, where y, is the number of r-th place votes that candidate
J receives, and u,, » =1, ..., t is the sequence of weights given to the »-th place vote. Because of no
established way to determine the weights, many arbitrary choices of the sequence of weights can exist.
The well known Borda method, #, =¢—r+ 1, is an example.

The pure output DEA model with the r-th place vote as the r-th output makes it possible not to

specify such a sequence of weights with arbitrariness. A DEA model for ranked voting should
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originally be a DEA/AR model assuming at least 2, > u,,, >0, r=1, ..., — 1. The DEA/AR model
may have several candidates tied for the first place as DEA/AR efficient. To resolve the problem of
ties, Cook and Kress [15] introduced a function implying the minimam gap between successively
ranked weights called the discrimination intensity function. But this time, the arbitrariness for
specifying the function still remained.

The study.[8] shows that we can obtain a total ordering of candidates specifying nothing
arbitrary by using a DEA/AR exclusion model. The results of the analysis using data quoted from
[ 16] certainly demonstrated that a total ordering of candidates different from the Borda one is
obtained. Then, it newly introduces a satisfactory interpretation of the criterion on which we
discriminate among DEA/AR efficient candidates as how far the candidate being evaluated can have a
lead on the candidate in the second place (see subsection 2.3.2). Further, it also states that not DEA
exclusion but the DEA/AR exclusion model used in this study can resolve the shortcoming of the

exclusion model that outlying DMUs are ranked too high.

4 Summary and conclusions

While the idea of comparing objects by taking a weighted sum of their attributes i;
commonplace, the idea that each object may have the freedom to choose its own optimal weights is
not commonplace, While the former is uniform, the latter is not uniform, i.e., making a good use of
each object’s feature characteristics. Recently, there seem to be many cases for which the latter is
niore appropriate than the formaer,

This paper demonstrated such evaluation, i.e., non-uniform and comprehensive evaluation using
DEA, in social systems analysis. DEA has flexible weighting that can vary by DMU, so that it can
avoid indiscriminately unified comparisons as well as uniform evaluations by @ priori weighting.  As
long as the application cases shown in this paper, this evaluation is with distinct advantages over

alternative ones.
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