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Abstract

In this paper we present and illustrate using real-life data a framework for managing an investment portfolio in
which the investment opportunities are described in terms of a set of attributes and part of this set is intended to capture
the effects on society. Here we link with the emerging literature on SRI: socially responsible investment. Given the
multi-attribute descriptions of the individual investment opportunities we show how these can be combined into
portfolios with the same attributes at the portfolio level. Also we show how a manager can systematically be supported
in the choice between different portfolio profiles. As part of the framework we use multi-criteria decision tools.
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1. Introduction

Socially responsible investment is attracting
more and more attention, both in practice and in
academia. A growing number of fund managers do
invest while taking account of the societal effects of
the companies they are investing in. Although fi-
nancial textbooks do not yet pay attention to so-
cially responsible investments (SRI), the first
articles do appear in the financial literature. One
example is a special issue of the Journal of Banking
and Finance (Vol. 26, no. 9, September 2002) on
Managing Ethical Risk: How Investing in Ethics

* Corresponding author. Tel.: +31-10-408-1428; fax: +31-10-
452-6399.

E-mail addresses: hallerbach@few.eur.nl (W. Hallerbach),
ning@few.eur.nl (H. Ning), soppe@few.eur.nl (A. Soppe),
spronk@few.eur.nl (J. Spronk).

Adds Value. Another example is a recent article by
Jensen (2001) in the Journal of Applied Corporate
Finance in which he discusses the relation between
Value Maximizing and Social Welfare. Opinions
do differ widely. When focussing on the corpora-
tion some argue that the management should strive
for the maximization of the financial value of the
stocks of its current shareholders. Others add that
under certain conditions this would lead to maxi-
mization of social welfare. A different view focuses
on the need for the firm to take account of the in-
terests of a variety of stakeholders other than the
shareholders alone, in order to be able to maximize
the value of the shares. One step further are those
who argue that the firm has to deal with a dynamic
goal complex in its own right (i.e. not as conditions
for value maximization).

At this place we do not elaborate on the dis-
cussion what corporate firms should do. Instead,
we concentrate on the role of investors trading in

0377-2217/$ - see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/S0377-2217(03)00172-3


mail to: hallerbach@few.eur.nl

518 W. Hallerbach et al. | European Journal of Operational Research 153 (2004) 517-529

shares of these firms. In financial textbooks the
standard assumption is that investors do have one
objective only, being the maximization of their
future expected wealth. Apparently, the practice of
socially responsible investing shows that there are
growing numbers of investors who want to take
account of more objectives than future wealth
alone. Because of the assumption of one objective
only (although translated into the familiar bi-ob-
jective risk-return framework), the standard text-
book solutions do provide only partly guidance to
the socially responsible investor.

Here we try to fill this gap by presenting and
illustrating (using real-life data) a framework for
managing an investment portfolio in which the
investment opportunities are described in terms of
a set of attributes and part of this set is intended to
capture the effects on society. Given the multi-at-
tribute descriptions of the individual investment
opportunities we show how these can be combined
into portfolios with the same attributes at the
portfolio level. Also we show how a manager can
systematically be supported in the choice between
different portfolio profiles.

The overall framework is described in the next
section. In Section 3 we describe the data reduc-
tion process, subsequently Section 4 focuses on the
formulation of the portfolio model and Section 5
explains and illustrates the portfolio selection
process. We conclude with a discussion on the
potential use of our framework.

2. Framework

We start from the position of a socially respon-
sible investor who wants to select a portfolio in
which the social effects of the underlying firms are
taken account of. This raises a series of problems.
One of the first is how to define (and measure) the
degree of social responsibility of individual invest-
ments. It is clear that there is not something like a
social welfare function, which includes all social
aspects and the trade-offs between them. On the
contrary, each portfolio manager may have differ-
ent views on what impacts on society are important,
how to measure these impacts and how important
they are relative to each other. However, we may

assume that a long list of societal impacts can be
defined from which an individual investor can select
those that he or she finds important. In the practical
application we will be referring to in the following
sections, such a long list is indeed available. An-
other problem is how to combine the shares of
different firms into a portfolio that best meets the
preferences of the investor. In the application at
hand there is a long list of social impacts for each of
more than 400 individual stocks. Fig. 1 summarizes
how this highly complex problem can be structured.

Our framework assumes that a firm’s effect on
society can be expressed and measured in terms of a
series of characteristics (also labelled attributes).
These characteristics have to be constructed through
aggregation of different impacts in the long list and,
in addition, are assumed to be relevant for the in-
dividual stock as well as for the portfolio level. For
example, one could start with a list of environmental
impacts of a company and combine these into an
aggregate attribute that represents the overall en-
vironmental impact of the firm. Next the environ-
mental impact of a portfolio of individual stocks
can be defined as a weighted average of the impacts
of the individual firms, where the weights are the
fractions of the portfolio invested in each of the
individual stocks. Subsequently, our framework
supports the portfolio manager to find a balance
between the different characteristics at the portfolio
level. This is achieved by formulating a multi-
attribute portfolio model in which the fractions
invested in each of the individual stocks are in-
strumental variables, there is a budget constraint
and possibly other constraints (depending on the
specific problem setting; ¢.g. some investors are not
allowed to invest more than 5% in a single stock)
and there are (k 4 /) goal variables (the k + [ attri-
butes at portfolio level) to be maximized. Normally,
these goal variables cannot be maximized simulta-
neously. Choices have to be made in one way or
another. In our framework we propose to make
these choices in a systematic and interactive man-
ner. By interactive we mean that the manager who is
responsible for the management of the portfolio can
steer the portfolio selection process on basis of de-
cisions that can be based on results and feedback
generated on basis of earlier choices. The role of the
manager is not limited to the process of finding
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Fig. 1. A framework for selecting a portfolio of socially responsible investments.

compromises between the portfolio attributes. Also
during the aggregation stage of the framework (i.e.
aggregating the long list of SRI aspects into a
manageable set of SRI attributes) the manager has
to make trade-off choices. The different stages of the
framework will be discussed in the following sec-
tions while referring to an actual case in practice.

Two observations can be made. One is that the
two stages of the framework, aggregation of as-
pects and the portfolio selection process, are like
communicating vessels. One can put more em-
phasis on the aggregation stage, resulting in fewer
attributes and thus a less complicated portfolio
selection process. Alternatively, less aggregation
will lead to a more complicated selection process.
Another observation is that the choice for specific
aggregation procedures and for a specific interac-
tive procedure is not crucial for the use of the
proposed framework. Depending on the specifics
of a given SRI portfolio problem, also other ag-
gregation tools and or other interactive procedures
may be considered.

3. From raw data to security attributes
3.1. Description of the data

Our example dataset consists of quantitative
scores on the sustainability performance of 273
European corporations of the FTSE-300 index and
166 US companies as quoted on respectively the
London Stock Exchange and NASDAQ. The
scores of these 439 companies are based on ques-
tionnaires gathered by the SiRi ' research group
based on the year 2000. On top of the yes/no an-
swers of the SiRi research, the Triodos bank in the

"'SiRi is a cooperation of 12 European social research
companies (see Appendix A) that developed an identical
research questionnaire for analyzing companies. The sources
of information for the analyst are: (1) companies documents
that are publicly released (2) national and international press
articles (3) associations, non-profit and non-governmental
organizations and (4) contacts between SiRi group members
and the company.
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Table 1
Sustainability attributes, scheduled per stakeholder group

1-Corp. governance 2-Customers

3-Vendors and contractors

8-Directors remuneration
9-Board structure
10-Voting rights

12-Anti-trust
13-Marketing

14-Customer satisfaction

4-Employees S-Environment

11-Product quality

38-Principles and policies
39-Management and organisation
40-Impact contractors
41-Reports and communication

6-Community

15-Health and safety
16-Discrimination

17-Forced labour

18-Child labour
19-Unions/employee participation
20-Working hours
21-Compensation

22-Labour legislation

23-Reports and communication
24-Management and organization
25-Financial participation
26-Personal circumstances
27-Training

34-Emissions

36-Transport

28-Legislation and damage
29-Principles and policies
30-Management and organisation
31-Genetic modification 4-Tax
32-Reports and communication
33-Energy and water use

1-Corruption
2-Dictatorial regimes
3-Accounting

5-Other legislation
6-Community involvement
7-Beneficiary products

35-Waste and recycling

37-Products’ impact on environment

Netherlands developed a quantitative interpreta-
tion. They distinguished six stakeholder groups
represented by 41 issues measuring a specific sus-
tainability aspect of the company. The stakeholder
groups distinguished are: Management, Customers,
Vendors and Contractors, Employees, Environment
and Community. In Table 1 we list all the attributes
as distinguished per stakeholder group. Every at-
tribute consists of four categories of questions: (a)
Public reports and communications, (b) Principles
and policies, (¢) Management systems and (d) Im-
pact and key data. Public reports and communi-
cation aim at measuring the degree of disclosure of
information. Principles and policies represent the
written results and communication of the compa-
nies’ sustainability intentions. The questions on
management systems address the organizational
structure and the control of the sustainability in-
tentions of the company. Finally, the impact and
key data refer to the facts of the sustainable be-
haviour intentions as formulated in former ques-
tions. For example, in the latter category: Impact
and Key data, the analyst checks whether the good
intentions and management structures do or do not
lead to public controversies regarding marketing,
product safety and quality certification.

The entire score list is based on altogether 223
yes/no questions and some additional texts ac-

cording to a fixed format for every analysed
company. “Yes” is awarded one point and “no”
zero points. Next the questions are grouped ac-
cording to the topics listed in Table 1 and the
corresponding points are added. Finally, scores are
computed as the percentage of the difference be-
tween the maximum and minimum attainable
number of points. For example a score of 40 in-
dicates that a company reached 40% of the maxi-
mal sustainability score of 100. The higher the
score, the better the company satisfies the sus-
tainability requirements of the SiRi analysts. > In
the next stages of data processing and portfolio
optimization we assume that the scores are mea-
sured on an interval scale. Table 1 summarizes the
attributes on sustainability.

The financial data are retrieved from Data-
stream International and represent yearly obser-
vations. Both the Total returns and the Book to
market value concern the research period of the

2 If not all relevant information could be found or was not
disclosed by the company, SiRi used two codes: NA (not
available) and ND (not disclosed). NA is awarded if insufficient
effort could be made by the analyst to answer a specific
question; this resulted in a score of 0.5 points. In the
quantitative analysis the ND got a score of zero points.
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year 2000. Growth figures are calculated from end
of year prices or accounting indicators.

3.2. Data reduction process

The first step was calculating the descriptive
statistics. It turned out that 24 observations
were invalid (0.13%) and hence removed from the
dataset. Next we eliminated all attributes that
showed extremely skewed distributions. The lack
of variability of these attributes was supposed to
be uninformative for our problem setting. Fol-
lowing this procedure we eliminated 11 attributes.
Table 2 represents the remaining attributes to-
gether with two financial variables: the Total re-
turn of the company and the Book to market value.

Table 2
Descriptive statistics of portfolio attributes

521

In order to reduce the number of variables
further we aggregated attributes by using hierar-
chical cluster analysis in combination with factor
analysis (viz. unrotated orthogonal factor solution
for factors with eigenvalue exceeding unity). The
remaining attributes were clustered conform the
stakeholder approach. Because of the substantial
number of attributes related to employee relations,
this stakeholder group was split up into three
different subgroups. Table 3 summarizes the re-
maining factors and the corresponding attributes.
A factor is calculated as the un-weighted average
value of the attributes involved.

The 10 resulting factors of Table 3 are used
as input for the multi- attribute portfolio proce-
dure.

Descriptive statistics N Minimum Maximum Mean Std. deviation
1-Corruption 438 25 100 77 13.8
2-Dictatorial regime 439 0 100 74 18.1
6-Community involvement 439 0 97 47 27.1
8-Directors’ remuneration disclosure 439 0 100 62 21.1
9-Board structure 439 19 100 79 14.7
11-Product quality and safety 438 0 100 51 15.3
14-Customer satisfaction 439 0 100 40 20.1
15-Health and safety 439 0 91 58 15.3
16-Discrimination/diversity 437 27 100 68 19.7
17-Forced labour 438 56 100 83 18.5
18-Child labour 439 56 100 84 18.5
19-Unions/employee participation 435 0 100 65 14.9
20-Working hours 439 22 100 83 18.9
21-Compensation 439 22 100 82 19.9
23-Reports and comm. on employees 439 0 100 47 21.5
24-Man. and organization on employee 439 0 100 54 19.8
25-Financial participation 439 0 88 37 19.5
26-Personal circumstances 439 0 100 49 26.7
27-Training 439 0 75 34 15.9
29-Principles and policies on environm. 438 0 100 55 334
30-Man. and organization environment 438 0 100 47 23.7
32-Reports and comm. on environment 436 0 100 54 35.5
33-Energy and water use 439 0 100 19 22.4
34-Emissions 439 0 100 43 332
35-Waste and recycling 439 0 100 46 25.1
36-Transport 437 0 100 47 34.2
37-Products’ impact on environment 436 0 100 44 17.8
38-Principles policies on contractors 439 0 100 68 352
39-Man. and organization contractors 437 0 100 70 33.3
41-Reports and comm. on contractors 438 0 100 67 37.7
42-Total return 2000 429 —-0.89 3.96 0.062 0.43
43-Book to market value 2000 403 -1.54 100 0.68 5.2

N indicates the number of available observations (missing values are due to data errors).



522 W. Hallerbach et al. | European Journal of Operational Research 153 (2004) 517-529

Table 3
Factors implemented in the portfolio optimization

Factor name Attributes involved nr: Mean score Standard deviation
1-Community 1,2,6 66 13.8
2-Corporate governance 8,9 70 15.3
3-Customer relations 11, 14 46 16.8
4-Employee: contractual relations 17, 18, 20, 21, 38, 39, 41 77 22.4
S-Employee: labour rights 15, 16, 19 64 12.7
6-Employee: labour care 23, 24, 25, 26, 27 44 13.3
7-Environment: principles and policies. 29, 30, 32 52 27.1
8-Environment: facts and results 33, 34, 35, 36, 37 40 17.1
9-Total return 42 6.2% 43.3%
10-Book to market value 43 0.68 5.2

4. The multi-attribute portfolio approach

The traditional Markowitz (1959) approach to
portfolio selection assumes that the opportunity set of
securities can be fully characterized by the joint distri-
bution of their returns. More specifically it is assumed
that the probability distribution of the portfolio return
can be fully described by means of its locus and its
shape, measured by the mean and the variance. Ex-
periences from practice, however, reveal that not all
relevant information is captured by these two explicit
return and risk attributes. In this section we first dis-
cuss the choice of characteristics that describe the se-
curities in the opportunity set. Next we discuss the
selection of a portfolio on the basis of this information.

4.1. Multi-attribute representation of securities

Various extensions to the mean—variance model
were proposed. The uni-dimensional risk measure
variance, for example, can be replaced by a set of
multi-dimensional risk measures. These risk mea-
sures comprise higher order statistical moments of
the return distributions, or are based on a multi-
factor risk model (see Elton and Gruber (1995),
e.g.). Other attributes can be considered important
because they represent “anomalies” >. For com-

3 An attribute is an anomaly with respect to an asset pricing
theory when that attribute possesses power to explain cross-
sectional variation in expected returns in addition to the risk
measures as specified by the pricing model at hand. An attribute
is an anomaly with respect to the efficient market hypothesis
when it can be used to forecast future returns. Detailed overviews
are provided by Fama (1991) and Hawawini and Keim (1995).

mon stocks, “firm size” is a long-time notorious
variable. Other examples are price ratios as indi-
cators for fundamental firm value like earnings/
price, book/price (book value of common equity per
share divided by market price per share), cash flow/
price, sales/price and dividend/price. In the context
of “value investing” there is great-renewed interest
in these long time familiar attributes .

In the view of (descriptive) financial theory, an
attribute’s ability to contribute to the explanation
of cross-sectional return differences appears to be a
convincing criterion for the selection of relevant
attributes. An attribute will only carry a significant
premium when it is ““priced” in the market. How-
ever, a non-average investor can face a set of in-
vestment opportunities that is different from the
market (i.e. the average investor). Hence this in-
vestor is only interested in the relevance of this at-
tribute in his opportunity set. Furthermore, partly
connected to the former argument, the reward that
an investor attaches to the exposure to an attribute
(a “subjective” premium) may well be different
from the premium that the market as a whole at-
taches to that attribute (the “objective” premium).
So despite the official view of general financial
theory, there may well exist security attributes that
are relevant because of idiosyncrasies in the inves-
tor’s personal decision context. In this case, the in-
corporation of additional attributes can be
motivated from the specific tastes and desires of the
investor, from specific investment constraints he

4 Seminal papers on value investing are Fama and French
(1992, 1993) and Lakonishok et al. (1994).
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faces, or from distinctive characteristics of the in-
vestment alternatives. In the framework of this
paper one naturally thinks of sustainability per-
formance characteristics as discussed in Section 3.
In short, it is up to the investor to decide which
variety of attributes helps to decide between the
various securities.

The formulation of a multi-attribute represen-
tation of securities as outlined above is the first
stage in a general framework for portfolio analysis
and selection, as proposed by Hallerbach and
Spronk (1997). This stage comprises a detailed and
investor-specific security analysis. Preference in-
formation is used to demarcate the set of & attri-
butes that an investor considers important. For the
investor, a financial security then represents a
basket of, say, k attributes and can fully be char-
acterized by a k-tuple of attribute scores. In this
view, when buying a security, an investor is actu-
ally buying an exposure to various attributes. The
selection of relevant attributes is no “once and for
all” activity. The investor’s decision context and
the securities” economic environment may change
over time and may become ‘“‘better understood”
because of “learning effects”. As a result, the set of
relevant attributes may change over time.

The second stage of the framework is the
analysis of feasible portfolios and the selection of a
final portfolio. The issue of multi-attribute port-
folio selection is to balance the attributes of the
individual securities on the portfolio level. That is,
given the security attributes and the investor’s
profile (personal context), the attributes of his
portfolio must be fashioned in a way that suits his
particular circumstances and preferences best. This
stage is discussed in more detail below.

4.2. Choosing between attribute exposures

The step from securities to their representation
in terms of attribute scores can be justified by re-
ferring to consumer theory, where ‘“‘characteristics
models” have been developed for describing con-
sumer behaviour. ° In this respect we especially

5> For a detailed discussion and review of characteristics
models, we refer to Deaton and Muellbauer (1980).

note Lancaster (1966, p. 133), whose contribution
is “breaking away from the traditional approach
that goods are the direct objects of utility and,
instead, supposing that it is the properties or
characteristics of the goods from which utility is
derived”. These implied characteristics models
opened the way for a theory of multi-attribute
choice. Transposed to the investment decision, we
can assume that investors buy securities for the
attributes they offer and that different securities are
essentially different packages of attributes. Hence,
we can specify a mapping of the securities in the
space spanned by the attributes:

security i — {an,an, ..., a;j,...,ax}, i€ N}

(1)
where a;; is the value that attribute j takes for se-
curity i. Likewise, when composing a portfolio, the

investor is actually composing an appropriate
portfolio exposure to the various attributes:

g} (2)
Hence, an investor’s preference functional is di-
rectly specified in the multi-dimensional terms of
relevant security attributes. For a given portfolio,
its exposure to a certain attribute can be calculated
as a weighted average of the attribute exposures of
the individual securities contained in this portfolio.
The fractions invested in each of these securities can
thus be treated as instrumental variables. There-
fore, the attribute exposures can be seen as goal
variables that are linear in the portfolio holdings. °
Often, the investor will try to either minimize or
maximize each of these goal variables. Alterna-
tively, the investor may strive to attain a target level
or desired score on some attribute(s). Depending on
the investor’s insights and preferences, the relative
importance of each of these goals may vary. Gen-
erally, no portfolio can be found for which each of
the goal variables reaches its optimal value or for

portfolio p — {a,,a,,...,ay,..

% Some attributes can cause problems. For example, indi-
vidual securities’ price/earnings and market-to-book ratios must
be aggregated in harmonic form in order to obtain portfolio
value ratios. It is then simpler to consider the securities’
earnings/price and book-to-market ratios, which can be aggre-
gated in a linear fashion to portfolio ratios.
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which all criteria are met. As a consequence, the
investor has to evaluate the trade-offs between the
various goal variables.

There are several routes leading to the selection
of a portfolio, depending on the amount of infor-
mation available on the investor’s preference
structure. Assuming a large amount of preference
information, the traditional utility framework
could be extended to a multi-dimensional context
by casting a utility function in terms of multiple
portfolio attributes. Consequently, the mean—
variance preference functional Z(Ep,c’p) is re-
placed by a “Lancaster (1966)-type” function
Z(ay,...,ay). In that case, an explicit optimiza-
tion problem can be formulated and solved.
Unfortunately, the complexity of specifying a
multi-attribute preference functional is enormous
and not likely to be overcome in practice. In multi-
attribute utility theory, this complexity is reduced
by assuming (strong) separability of the prefer-
ences. When this assumption is satisfied, a series of
uni-dimensional (i.e. single attribute) utility func-
tions can be assessed, where after these component
functions are combined (in a linear, multiplicative
or other fashion), using information about attrib-
ute trade-offs. In this way, the exposures are eval-
uated attribute by attribute and then combined to
obtain an overall measure of desirability. Still, this
places a heavy information burden on the investor.
The problem here is to ex ante specify the uni-
dimensional preferences for each of the attributes
as well as the overall preference functional that
incorporates the evaluation of a combination of
attribute exposures and their trade-offs.

Another route is to cast the multi-dimensional
preference functional in the form of a (linear)
programming model. One way is to maximize the
portfolio’s exposure to one attribute (expected re-
turn, e.g.) subject to restrictions on the other at-
tribute scores.  The problem with such a
specification is that it is intrinsically uni-dimen-
sional: only one attribute is optimised, while the
other attributes only serve as constraints. Another
way to extend the linear programming formulation
to a multi-dimensional context is to use a weighted

7 Cf. Sorensen and Thum’s (1992) portfolio optimiser.

average of the various attributes as the objective
function. ® A linear programming formulation like
this can only be employed when the trade-offs
between the attributes can be specified properly.
In formulating priorities and targets with respect
to attributes and attribute exposures, goal pro-
gramming offers more flexibility. The applicability
of multiple goal programming to the portfolio
problem was recognized in an early stage. In the
traditional mean-variance context, we have Lee
(1972), Lee and Lerro (1973), Kumar et al. (1978),
Lee and Chesser (1980), Spronk (1981) and O’Leary
and O’Leary (1987). Aside from expected return
and risk, some other attributes (notably dividend
yield) are specified, but a truly multi-attribute rep-
resentation is not pursued. But of course, the num-
ber of attributes could easily be extended. Multiple
goal programming indeed has some attractive
properties. It shows a close correspondence with
decision making in practice, the goals are formu-
lated as aspiration levels and there is always a so-
lution for a well-defined problem (with a non-empty
feasible region), even if some goals are conflicting.
An important drawback of multiple goal pro-
gramming, still, is its need for fairly detailed a priori
information on the decision-maker’s preferences.
Interactive programming methods, in contrast,
neither require an explicit representation or speci-
fication of the decision-maker’s preference function
nor an explicit quantitative representation of the
trade-offs among conflicting goals. By its nature, an
interactive procedure progresses by seeking this
information from the investor, removing the need
to make the preference structure more explicit. For
the investment problem as sketched in this paper,
we propose interactive multiple goal programming
(henceforth IMGP), as developed by Spronk (1981).
In this procedure, the investor reduces the set of al-
ternatives interactively and systematically, thus con-
ditioning the quality of the remaining portfolios.
In broad lines, IMGP works as follows. Given a
set of (investment) alternatives and a set of goal
variables (attribute exposures), IMGP starts for-
mulating minimum requirements for each of the
goal variables, leaving a set of alternatives meeting

8 One example is Arthur and Ghandforoush (1987).
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the requirements. (For the ease of exposition, we
assume that all goal variables are to be maxi-
mized.) This vector of minimum goal values is
presented to the investor, together with a set of
indicators of the potential improvements of these
minimum goal values, within the set of feasible
portfolios. In the first iteration, very low minimum
goal values are chosen (viewed by the investor as
absolute minimum conditions or even worse) in
order to be sure that no potentially acceptable
portfolios are excluded. Next, the investor has to
indicate whether or not the portfolios meeting the
minimum requirements are satisfactory. If so, he
can choose one of these portfolios. If not, he has to
indicate which of the minimum goal values should
be increased. The constraint on the value of the
corresponding goal variable is then reformulated.

On the basis of the resulting new vector of
minimum goals values, a new set of indicators of
the potential improvements of these values is cal-
culated and presented to the investor. The investor
has to indicate whether the shift in the indicated
minimum goal value is outweighed by the shifts in
the potentially attainable values of the other goal
variables. If so, the investor has the opportunity to
revise his earlier wishes with respect to the changed
minimum goal value. If not, the change of the
minimum goal value is accepted and the investor
can continue to raise any of the other or even the
same minimum goal value. Of course, by succes-
sively raising the minimum goal values from iter-
ation to iteration, the set of feasible portfolios is
gradually reduced by keeping only the portfolios
that meet the higher standards. Each iteration
produces indicators showing the ‘“price” of the
higher standard, so the investor can evaluate the
trade-offs between the goals (attributes).

The investor has several options. He can con-
tinue until the remaining set of feasible portfolios
becomes very small. The convergence of the pro-
cedure, which is discussed from a theoretical point
of view by Spronk (1981, pp. 147-150), is achieved
within a small number of iterations. (Our many
experiences in applying the procedure are com-
pletely in line with the theoretical findings.)

Another possibility is to select a suitable port-
folio from the set of portfolios satisfying the mini-
mum requirements. In this respect, IMGP produces

at each iteration a set of non-dominated portfolios.
Finally, a set of feasible portfolios satisfying the
minimum conditions on the goal values can be
subjected to a second analysis by the investor. In his
decision context, the investor may wish (or need)
some elbowroom, thus requiring more than just
one portfolio. The procedure then offers adequate
flexibility to incorporate other, hard to quantify,
criteria into the decision making process. IMGP
incorporates all the advantages of “traditional”
goal programming, while circumventing the un-
necessary burden of obtaining a “complete” picture
of the investor’s preference pattern. In our opinion,
this approach offers the desired degree of flexibility
to be fruitfully applied to the multi-attribute port-
folio selection problem. By tuning the attribute
exposures, a specific portfolio profile can be ob-
tained that matches the investor’s profile. In con-
trast to traditional approaches, the stages of
portfolio analysis and portfolio selection are no
longer treated separately but are integrated. The
interactive method then is no optimiser, but can
better be described as a “‘combiniser”: it allows
systematic scanning of the set of feasible portfolios
and the selection of an optimal portfolio via an
interactive process. In the interactive decision
process, a learning process is embedded. By scan-
ning the feasible portfolios, the investor first gets a
feeling for the trade-offs that exist in the opportu-
nity set between the exposures to the various at-
tributes. Second, the investor can shape and adjust
his preferences when confronted with the trade-offs
between the attributes. It is in no way required that
the investor performs the interactive process only
once. He can explore the opportunity set in all di-
mensions, and is even advised to do so in order to
get insight into the properties of the opportunity set
at hand. Since the interactive procedure is path-
independent, no desirable (feasible) alternatives
can be missed, only insight can be gained. The
proposed approach is illustrated by means of the
results of our worked example in the next section.

5. Selecting a portfolio: An illustration

Now we are able to present the results of an
imaginary social responsible investor within our
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multi-criteria framework. We start with imposing
the restriction that a maximum of 5% of the port-
folio can be invested in one stock; this ensures some
level of diversification. By applying the methodol-
ogy of Section 4, Table 4 renders the starting iter-
ation of our 10-factor model. The first row shows
the attribute scores of the portfolio for which the
community factor is maximized (at a level of 90.1).
Because of the 5% restriction on the weights, the
portfolio consists of the top-20 community stocks.
From this first row we can also read that this
portfolio brings a Total return of 17.6% and a Book
to market value of 0.29. The next rows of Table 4
refer to the nine other portfolios where each time
another factor is maximized. The bold diagonal
entries of the table represent the maximum value of
the corresponding attribute obtained over all
portfolios. The potency matrix summarizes the
attribute scores in the solution space after the first
iteration. The “Max’ row contains the maximum
attainable attribute scores whereas the “Min”’ row
shows the minimum scores.

Suppose now that our imaginary investor is
primarily interested in the so-called ‘“growth
stocks”. Economic theory indicates that stocks
with relative high Book to Market ratios are un-
dervalued and therefore promise some upward
growth potential. For this reason we start the
second iteration in which we impose an additional
restriction, setting the minimum acceptable value
for the Book to market value to 0.5. This narrows
the space of feasible portfolios. The impact of the
additional restriction on the other nine portfolios
is summarized in the second column (labeled “17)
of the potency matrix in Table 5.

Completely depending on our virtual investor’s
preferences a set of additional minimal values can
be imposed on the optimization problem. In our
application we make the subjective choice to set
seven consecutive additional restrictions on the
sustainability scores, yielding in total eight itera-
tions. The only necessary check was whether
the level of the attribute restriction was within the
remaining feasible solution space as based on the

Table 4
Starting iteration; 10 different portfolios
1- 2- 3- 4- 5- 6- 7- 8- 9- 10-
Comm Govern. Cust. Emp.- Emp2- Emp3- Env.- Env2- TR 2000 BtMv
contr. labour labour P&P F&R
rel. rights care

1-Community 90.1 80.2 59.4 85.0 78.0 54.2 67.6 48.7 17.6 0.29

2-Governance 73.5 96.6 44.9 80.0 69.9 43.7 61.4 41.9 4.5 0.19

3-Customers 74.2 70.8 78.5 75.5 68.7 53.2 61.0 50.5 1.4 0.19

4-Employees- 64.8 79.1 43.9 100.0 58.7 39.9 31.1 44.8 16.8 0.29
contractual
relations

5-Employees- 78.4 75.1 55.8 80.7 86.6 55.3 74.8 48.5 19.8 0.19
labour rights

6-Employees- 69.5 69.3 55.0 79.6 69.8 67.8 61.7 53.7 10.6 0.23
labour care

7-Environment- 67.6 70.0 54.3 68.3 70.5 54.7 93.1 53.4 1.5 0.34
principles and
policies

8-Environment2- 66.8 73.2 41.6 87.5 64.3 46.5 66.2 76.7 -39 0.19
facts and results

9-Total returns 68.4 63.7 48.8 86.8 65.9 46.67 43.7 39.3 73.7 0.24
2000

10-Book to market 63.9 67.6 42.9 66.8 57.4 40.1 58.4 38.1 24 0.82
value 2000

Potency matrix

Max 90.1 96.6 78.5 100.0 86.6 67.8 93.1 76.7 73.7 0.82

Min 63.9 63.7 41.6 66.8 57.4 39.9 31.1 38.1 -39 0.19
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Table 5
The potency matrix reflecting the solution space after every iteration
Iteration  Start 1 2 3 4 5 6 7 8
1-Community Max 90.1 88.3 88.3 88.3 88.3 88.0 87.0 86.7 78.5
Min 63.9 63.9 63.9 63.9 75.0 75.0 75.0 75.0 75.6
2-Governance Max 96.6 92.7 91.8 91.8 91.8 91.8 91.0 90.9 78.4
Min 63.7 63.6 63.7 75.0 75.0 75.0 75.0 75.0 75.0
3-Customers Max 78.5 74.0 74.0 72.9 72.9 72.9 71.2 71.1 57.0
Min 41.6 41.6 55.0 55.0 55.0 55.0 55.0 55.0 55.0
4-Employees- Max 100.0 100.0 100.0 100.0 100.0 100.0 99.9 98.3 98.3
contractual Min 66.8 66.7 69.9 69.9 69.9 69.9 75.6 75.6 98.0
relations
5-Employees2- Max 86.6 81.5 81.5 81.5 81.4 81.4 80.3 80.2 72.3
labour rights Min 57.4 57.4 57.4 57.4 65.6 65.6 66.8 68.6 69.4
6-Employees3- Max 67.8 64.1 64.1 64.0 63.9 63.9 63.3 63.3 55.5
labour care Min 39.9 39.9 43.1 43.6 43.6 44.1 48.5 55.0 55.0
7-Environment- Max 93.1 91.6 91.4 90.9 89.4 89.4 89.1 88.3 71.3
principles and Min 31.1 31.1 31.1 31.1 44.7 70.0 70.0 70.0 70.0
policies
8-Environment2- Max 76.7 70.9 69.0 69.0 68.2 68.1 68.1 67.2 58.6
facts and results Min 38.1 38.1 38.1 38.1 38.0 45.4 56.0 56.0 56.0
9-Total returns Max 73.3 54.7 52.4 48.2 47.7 45.1 42.1 41.0 21.1
2000 Min -39 -39 -39 -39 -39 -39 -39 -39 11.2
10-Book to market Max 0.82 0.82 0.78 0.76 0.76 0.76 0.70 0.67 0.51
value 2000 Min 0.19 0.50 0.50 0.50 0.50 0.50 0.50 0.502 0.50

potency matrix in Table 5. This resulted in the
following additional portfolio requirements (with
the average sample score between parentheses):

(a) Customers relations >= 55 (46)

(b) Governance openness >= 75 (70)

(¢) Community >= 75 (66)

(d) Environmental principles and Policies >= 70
(52)

(e) Environment Facts and Results >= 56 (40)

(f) Employees Labour care >= 55 (44)

(g) Employees contractual relations >= 98 (77)

The attribute scores of the 10 portfolios after iter-
ation 8 is summarized in column 8§ of Table 5; for
detailed information on the attribute scores we refer
to Appendix B. Every portfolio reflects a combina-
tion of stocks that clearly scores above average on
allindicated attributes. A final choice could be to buy
the portfolio that maximized the return in the year
2000. The resulting portfolio then has the following
10 respective attribute scores (see row 9 of iteration
8 in Appendix B): 76, 75, 55, 98, 71, 55, 71, 58, 21
and 51. So in economic terms we selected a portfolio

with a return of 21%, a book to market value of 0.51
and eight above-average sustainability scores.

Finally, Table 5 shows that the proposed eight
iterations have narrowed the solution space con-
siderably. Column 8, representing our final itera-
tion, clearly indicates the restrictions on the factors
3-customers, 4-employees contractual relations, 6-
employees labour care, 7-environment P&P and 10
the book to market value. Total returns is the only
attribute that shows considerable room for im-
provement. Our investor can now select one of the
10 portfolios, or any linear combination of them.
Each choice will satisfy the constraints that have
been added in the interactive process.

6. Summary and conclusions

In theory as well as in practice there is increasing
interest in the issues of sustainability and social
responsibility. Given this development the question
arises how these issues can be incorporated in the
investment decision process. In this paper we
presented a complete framework for selecting a
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portfolio of socially responsible investments.
Characteristic ingredients of the framework are: (i)
a multi-dimensional description of the investment
opportunities (together with the prior stage of data
reduction), (i) the measurement of attributes on the
portfolio level, and (iii) a flexible procedure sup-
porting the decision-maker in evaluating the trade-
offs between the selected portfolio attributes and
choosing a final portfolio that satisfies his goals
and constraints. The multi-criteria character is in-
herent to the studied decision problem. In addition
we impose the restriction that the procedure should
not require detailed a priori preference information
from the decision-maker. In particular, the investor
should be able to evaluate the attribute trade-offs
offered by the opportunity set so that he can shape
his preferences in this respect. For satisfying this
high degree of flexibility we propose implementing
interactive multiple goal programming.

We illustrated the framework with a real-life
example. For some hypothetical investor we out-
lined the decision process and showed how the
feasible set of portfolios is reduced. We acknowl-
edge that there are alternative ways to fill in the
framework. However the outstanding features of
the proposed approach are (i) it offers insight into
the trade-offs between the attributes considered, (ii)
traditional one-step portfolio selection is substi-
tuted by combining the stages of portfolio analysis
and selection, which allows the decision-maker to
gradually reduce the set of feasible portfolios on
the basis of the observed trade-offs, and (iii) the
stepwise decision-process together with the explicit
attributes allows for easier communication of the
decision process and the final results.

Some important issues are left for future re-
search. For example, the data reduction process as
briefly mentioned in Section 3. Questionnaires on
sustainability typically consider many aspects and
as a result information on sustainability perfor-
mance is of great diversity. The question arises
how the abundant data can be summarized and
compressed in terms of only a limited number of
attributes. It is desirable that attributes are not
redundant and that the selected attributes can ex-
plain most of the variation in the data set. Another
issue is portfolio diversity. The scores on the sus-
tainability attributes are evaluated on the aggre-

gate portfolio level. The portfolio score is a
weighted average of the scores of the individual
securities comprised in that portfolio. Given some
sustainability attribute, the specific score of the
portfolio can be generated by a diversity of secu-
rity attribute scores. So the dispersion in security
scores underlying a portfolio attribute score can be
very large or very small. Although we assume that
the attributes are measured on (at least) an interval
scale, it is questionable whether an investor would
be indifferent between a large and only a small
degree of underlying dispersion in the scores.
When the assumed substitutability between at-
tribute scores is limited, additional attributes can
be incorporated in the decision process, indicating
the spread of underlying attribute scores.
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