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Abstract

As the beginning, Chapter 1 describes the definition of “welfarism” and reveals its
deficiencies which are caused by limiting information of “revealed preference”,
irrespective of the non-utility features of the states. This chapter examines Rawls’s
principles of justice and decides to employ Rawls’s “generalized” differential principle
instead of the specific one as a benchmark to evaluate improvements of decision making
methodology in the whole thesis. Following which, this chapter proposes incorporating
the prioritization of “status quo” into decision-making to realize socially justifiable
decision-making. The latter chapters examine if the proposed methodology can remedy
the deficiencies above in the use of the generalized differential principle, the principle

of everybody’s advantage, as the benchmark.

“Arrow’s general possibility theorem” (1963) has revealed that three basic democratic
conditions, which consist of, “unrestricted domain” (U: each individuals has un-
restricted alternatives.), “independence of irrelevant alternative” (I) and “Pareto
optimality” (P), cannot consistent with the condition of “non-dictatorship”. If collective
choice is regarded as multiple criteria decision of a single person, Arrow’s theorem also
affirms impossibility of implementation of multi-criteria decision, although some
psychological studies show opposite results. To resolve this issue, Chapter 2 proposes a
social welfare function which employs and prioritizes “status quo”, and relaxes the
condition of “independence of irrelevant alternative”. The main result of this chapter
reveals that if the proposed social welfare function is applied to the model proposed,
non-cyclic social orderings could be an output in accordance with conditions U, P and D.
Although the relaxation of the condition I is inescapable, however, the use of such
restricted non-utility function enables us to identify the social ordering in which the
highly preferred alternative than the status quo shall be highly preferred by all criteria
(individuals), than the status quo. Thus the ordering satisfies Rawls’s “generalized”

differential principle as well.



The traditional Cost benefit analysis (CBA), which is deeply rooted in welfarism, in
particular, utilitarianism, has long been the preferred methodology for evaluating
economic factors in policy making. The traditional CBA is also regarded as a social
welfare function which can designate a “social ordering” of all alternatives. Chapter 3
proposes incorporating the concept of “time sequence” and “status quo” into the
traditional CBA framework whose guiding concept is the “Pareto optimization” of
outcomes for the stakeholders. Chapter 3 further proposes Rawls’s principles of justice,
in particular, “generalized” differential principle which requires everybody’s advantage
as evaluation criteria for CBA, and thereby critiques the traditional and alternative
variants against this standard, ultimately to demonstrate the superiority of the latter. The
major findings of Chapter 3 reveals that the alternative can guarantee an advantageous
situation compared to the status quo for every stakeholders as well as the alternative can
satisfy Rawls’s principle of everybody’s advantage, which is the benchmark of a social

decision-making.

Chapter 4 examines the feasibility of the adoption of the principles of social justice, in
particular, the “generalized” differential principle, which require everyone’s advantage,
to the decision-making process in a strategic situation. The concept of equilibrium,
which is a dominated concept of game theory, does not utilize non-utility information
and cannot guarantee to benefit all players compared with the status quo. For that
purpose, as the application, this chapter introduces the game model in extensive form
which has the following characteristics: (a) sub-game perfect equilibrium (SPE) should
be employed as a solution, (b) the status quo should be treated as a disagreement point,
and (c) a game tree should be divided into several stages (multi-stage approach).
Applying “implementation theory” or “mechanism design”, Chapter 4 focuses on
defining the condition of the subset of “equilibrium outcome” which satisfy SPE as
“solution concept” and unanimous decision as “mechanism” to meet “everybody’s
advantage” principle as “choice correspondence”. Thereby, we examine the
interrelations of the strategy of players. As the application, the chapter analyzes a
collective agreement of industrial relations, in particular, the effects of the “white
collar” exemption system on working hours and productivity of agents, in application

with the traditional principal-agent theory. The analysis of this chapter confirms the



coherency of Rawls’s “generalized” differential principle with a strategic situation. The
main result of the application is that the adoption of the “white collar” exemption

system may induce shorter working hours compared with those under the current work-
hour payment system. The analysis also reveals that the overtime premium has positive

effect on working hour elongation.

From the over all analysis in previous chapters, Chapter 5 concludes that the decision-
framework which prioritizes the status quo is able to be coherent with traditional
decision making methodologies if they are partially modified. The proposed alternative
is advantageously able to satisfy the Rawls’s principles of justice, in particular the
“generalized” differential principle. The results, however, reveal further research needs
which include a development of real-time modeling so that the advantage of the
proposed alternative can be fully demonstrated. Besides, the results show that the
sequence of decisions is also an important factor to be analyzed, because the status quo
or a precondition of the first decision can affect the latter decision in a chain reacted
manner. For the analysis of the sequence, the further research of setting a boundary of

the scope of a decision, or “protected sphere”, is required.
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Chapter 1: Introduction

Summary

This chapter describes the definition of “welfarism” and reveals its deficiencies which
are caused by limiting information of “revealed preference”, irrespective of the non-
utility features of the states. This chapter examines Rawls’s principles of justice and
decides to employ Rawls’s “generalized” differential principle instead of the specific
one as a benchmark to evaluate improvements of decision making methodology in the
whole thesis. Following which, this chapter proposes incorporating the prioritization of
“status quo” into decision-making to realize socially justifiable decision-making. The
latter chapters examine if the proposed methodology can remedy the deficiencies above
in the use of the generalized differential principle, the principle of everybody’s

advantage, as the benchmark.

1. Background: Framework of New/Traditional Welfarism

The so called “new welfarism”, defined by Sen with the adoption of Wassily
Leontief’s summary of the normative properties “on which something like a general
consensus of opinion seems to exist” in the formal discussion of public policy, has the

following properties. (Sen, 1982), (Leontief, 1966)

e Welfarism: Social welfare is a function of personal utility levels, so that any two
social states must be ranked entirely on the basis of personal utilities in the

respective states (irrespective of the non-utility features of the states).

e Ordinalism: Only the ordinal properties of the individual utility functions are to

be used in social welfare judgments.

e Non-comparable utilities: The social welfare ranking must be independent of the

way in which utilities of different individuals compare with each other.

e Pareto Preference Rule: If everyone has at least as much utility in x as in y, and

if someone has more utility in x than y, then x is socially better than y.

e Pareto-inclusive welfarism: Social welfare is an increasing function of personal

utility levels, thus satisfying both welfarism and the Pareto preference rule.

According to Sen’s classification, “utilitarianism” is “the classic approach to welfare
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economics and in the usual applications is combined with the use of interpersonally
comparable and cardinal individual utilities.” (Sen, 1982) Because of methodological
critique such as Robbins’s (1932), the assumption of interpersonally comparable utilities

was replaced by ordinalism.

As explained by Leontief’s “general consensus in public policy”, the so-called “new
welfare economics” accepted all these properties as legitimate. Social choice theory,
pioneered by Arrow (1951), also accepted these conditions through the usage of

somewhat weaker versions of the Pareto principle and welfarism.

The game theory framework in strategic situation normally adopts most of properties
of “new welfarism”, the concept of equilibrium point, however, does not guarantee the
Pareto preference rule. Also, the ordinalism cannot be maintained in the mixed strategy

of the game theory.

2. Limiting information may invite social injustice

According to the principle of “revealed preference”, the utility can be defined only in
terms of what is chosen irrespective of why it is chosen, or who chose it. (Sen, 1982)
Therefore, the satisfaction of any desire is assumed to have some value in itself which

must be taken into account in deciding what option should be taken.

There seems to be no doubt the strictness of common sense of justice has certain
usefulness in limiting men’s propensities to injustice and to socially injurious actions,
but the welfarism theorists believes that to affirm this strictness as a first principle of
morals is a mistake. Therefore, socially unjustifiable desires may be a cause of the
social decision. Thus, limiting non-utility information may invite “the pleasure in
other’s deprivation” of liberty “which requires the violation of a principle to which he

would agree in the original position”. (Rawls, 1971)

2.1 Non-comparability of utilities makes it impossible to aggregating competing
interests.

In aggregating conflicting interest of different persons, groups or classes, e.g., in
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planning decisions, or in comparisons of national welfare in alternative or successive
situations (Sen, 1973), the informational limitations of non-comparability are
exceptionally telling. Indeed, many acts of political and social judgments, e.g., the
personal decision as to what kind of a government or a society one should want, are
themselves based on aggregating conflicting interests (Harsanyi, 1955), and in making
these judgments, to be constrained by the informational base of non-comparable

individual orderings would be peculiarly limiting.

2.2 Limiting information may render distribution of “social goods” unfair.

The severity of the information restrictions in the Arrow’s framework can be
illustrated by taking up a problem of income distribution judgment. As mentioned above,
“revealed preference” is irrelevant from who chooses the preference, not only why it is
chosen. These combined informational exclusions make it impossible to give priority to
the interest of the poor in the exercise of aggregating the conflicting interests of the poor
vis-a-vis the rich. The poor cannot be distinguished for this purpose from the rich —

neither in terms of utility, nor in terms of income or other non-utility information.

If we assume, as utilitarian, that it is rational for one man to maximize his/her utility,
it is right for a society to maximize the net benefit of the satisfaction taken over all of its
members. As results, utilitarian does not matter how this sum of satisfactions is
distributed among individuals any more than it matters, how one man distributes his
satisfactions over time. The correct distribution in either case is that which yields the

maximum fulfillment. (Rawls, 1971)

2.3 “Strategic” actions of players cannot be consistent with Pareto preference rule.

According to Arrow, his framework does not cover the issue of “strategic” behavior
of players (von Neumann and Morgenstern, 1947). He only analyses “cooperative”
situation in which agreements can be formulated to bind to all players, and which
assumes that all players do not disguise their preference in decision-making process.

(Arrow, 1971)
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Moreover, the concept of Nash equilibrium '(Nash, 1950) in the game theory
framework, which is normally utilized in strategic situation, is not always consistent

with the Pareto preference rule.

3. Benchmark for improvement: Application of “Rawls’s principles of Justice” to
address the deficiency of information limitation of welfarism.

Responding to the above deficiencies by information limitation, this thesis aims to
propose a solution to address the problems. From a perspective of information to be
used for decision making, Arrow’s impossibility theorem can be regarded as the results
of combining “welfarism” (ruling out the use of non-utility information) with
remarkably poor utility information (especially because of the avoidance of
interpersonal comparisons) (Sen, 1982). Therefore, there are two ways for solution. The
first is dropping welfarism, which means utilization of non-utility information; the other
is enrichment of utility information including the application of comparable cardinal

utility.

To do so, the emerging problem is what is a “merkmal” or benchmark to evaluate
improvements of the proposed solution. In this thesis, Rawls’s “principles of justice”,
especially in generalized form, would be employed as it. Rawls is well known as the
proposer of his “Difference Principle”, however, this thesis are not willing to reiterate
multiple critique on Rawls’s theory from number of scholars. Rather, this thesis would

focus on generalized “Difference Principle”.

3.1 Rawls’s Principles of Justice

Rawls’s principles of justice characterize the principles for distribution of “primary
social goods” (Rawls, 1971). There are “things that every rational man is presumed to
want”, including “right, liberties and opportunities, income and wealth, and the social

bases of self-respect”. The basic liberty has special distinctive priority among other

' Nash equilibrium is a solution concept of a game involving two or more players, in
which each player is assumed to know the equilibrium strategies of the other players,
and no player has anything to gain by changing only his or her own strategy unilaterally
(Nash, 1950)
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primary social goods. The second principles, demanding equality and efficiency
supplement of the first principles (Rawls, 1971), which is based on the idea of “original
position™, Rawls defines the second principle as the second principle in generalized

form at first as follows;

First: each person is to have an equal right to the most extensive basic liberty

compatible with a similar liberty for others.

Second: social and economic inequalities are to be arranged so that they are both (a)
reasonably expected to be to everyone’s advantage, and (b) attached to

positions and offices open to all.

The first principle is arranged in a serial order prior to the second. This ordering
guarantees that equal liberty “cannot be justified by, or compensated for, by greater
social and economic advantage”. Although the traditional decision theories guarantee
the freedom of choice as preconditions of their frameworks, however, the utilitarian
decision making weighs assets of individual and may gives a larger asset holder greater
decision power than a one of smaller (this issue is argued in Chapter 3.) Besides, this
thesis rather focuses on the second one, which we call it as “generalized differential
principle” in accordance with the critique made by Arrow (Arrow, 1973), while the

distribution of wealth and income need not be equal, but it must be advantageous for all.

> Rawls embodies his guiding idea of justice as the “original agreement”. This is the
agreement which “free and rational persons concerned to further their own interests
would accept in an initial position of equality as defining the fundamental terms of their
association”.

This “initial position” is defined as “original position” which “corresponds to the
state of nature in the traditional theory of the social contact”. This original position is
the postulated situation and “not, of course, thought of as an actual historical state of
affaires, much less as a primitive condition of culture”. In this situation, “no one knows
his place in society, his class position or social status, nor does not any one know his
fortune in the distribution of natural assets and abilities, his intelligence, strength, and
the like”.

Rawls argued that in “original position” people would not choose to maximize the
utility sum, rather choose his two principles. Many critiques to the “original position”
have emphasized that it is unclear what precisely would be chosen in such a situation. It
is also not obvious that prudential choice under such uncertainty provides an adequate
basis for moral judgment in unoriginal, i.e., real-life, positions. (i.e., Nagel, 1973)
However, Rawls’s “more direct critiques in terms of liberty and equality do remain
powerful” (Sen, 1981).
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In other words, unless the result of the distribution realizes benefit for everybody, such

distribution would be condemned injustice.

Rawls modifies the generalized differential principle to the specific “differential
principle” such that social and economic inequalities are to be arranged so that they are

both:

(a) to the greatest benefit of the least advantaged, consistent with the just saving

principles, and

(b) attached to offices and positions open to all under considerations of fair equality

of opportunity

The differential principle should be lexically prior to the principle of efficiency
(Pareto optimality) and to that of maximizing the sum of advantages; and fair

opportunity is prior to the difference principle.

3.2 Formal modeling of “Differential Principle” and its generalized version.

Both the generalized and specific differential principle are yielded as the choice of the
social contract in “original position”. The major discrepancy of them is that the latter

has clearer indication of egalitarian for the mitigation of gaps.

“Risk averse” is used as one of the reasons of differential principle by Rawls. It says
that individuals tend to avoid the worst situation if there is significant uncertainty. The
opposite assertion is done by Harsanyi and Arrow, which is individuals try to maximize

expected values. (Harsanyi, 1975) (Arrow, 1973)

In this thesis, however, we examine the differential principle from the view point of
information limitation. Rawls is said to insist the differential principle because it is
simple and easy to apply to numerous actual decision situation. The concept of
maximization or optimization can discover a solution if alternatives keep ordinance

relations. Thus the decision can be done without bothering what is the situation prior to
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the decision (the status quo).

3.2.1. Formal expression of the decision of Rawls’s differential principle

Assuming that it is easy to discover and designate the least advantaged individuals pro
forma without examining their social goods, based on the differential principle, the
alternative of distribution which can maximize the social goods of the least advantaged

individuals is required to satisfy the formulae as follows;

In 2-tuple social system (4, £, ), the decision function F can be defined by

min

F:(4,f,. )~ a®*, where a*is an alternative such that f, . (a*) = max {f .. (a)}.

Where, let 4 be the set of alternatives, and {f

min

(a)},., be the set of payoff (social

goods) of the least advantaged individual.

3.2.2. Formal expression of the decision of generalized differential principle

(everybody’s advantage)

On the other hand, based on the “generalized” differential principle, social goods
distribution needs to be identified in comparison with ones at a “reference point” for all
individuals. This means that the concept of everybody’s advantage needs more

information of “a reference point” than differential principle.’

3 Rawls is not quite clear to define the nature of social goods. Goods can be regarded as
“asset” which is an accumulation of social good s received, or “flow” which is a
continuous incoming of social goods based on a distribution policy. This thesis, however,
assume that the social goods are “flow”, because normally the poor and the rich are
distinguished by an yearly income, and Rawls does not accept the asset inheritance from
the view point of the eradication of social unfairness by inherited assets.
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Formally expressed, in 4-tuple social system (N A,a, A1 N), the decision function is

defined as
F:(NaAaarﬂ{fj}jeN)'_)a*’

where a* is an alternative such that fj(a*) > f(a,) for jeN.

Where, A is the set of alternatives, N = {1,2,..., Jyreeun } is the set of individuals,
a, is the alternative at the reference point, {f; (@)} jen 18 the set of social goods of
individual j under the alternative a*,{f(a,)},.y 1s the set of social goods of individual

Jj in the reference pointa, .

3.2.3. Formal expression of the decision of differential principle, if there is not the

least advantaged a priori.

Rawls argues that it is easy to discover the least advantaged individuals, because they
are a priori., However, in this industrial society, it is not easy to identify who is the
actually least advantaged individual without making comparison of distributions of
social goods inter-individually. In this case, the decision function has to be defined to

discover the least advantaged as follows;

Formally expressed, in 4-tuple social system (N cAsa S} ey ), the decision function is

defined as

® r': (N 2,54} jen )I—) Jmin » Where ji, 1s the least advantaged individual such

that f

min

(a,)= mi}rvl{f/ (a,)} where f, . (a,) isthe payoff of ., in the
JE€ ’
reference pointa, .

® F?:(4,f,, ) a*, where a*is an alternative such that
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Soin (@) = n}ix {fain (@)}

Where, A is the set of alternatives, N = {1,2,..., Jyreean }is the set of individuals, a, is
the alternative at the reference point, {f; (@)} jew 18 the set of social goods of
individual j under the alternative a*,{f,(a,)} .y 1s the set of social goods of individual

Jj in the reference pointa, .

3.3 Critical evaluation of “difference principle” and its generalized form.

The necessary elements of information for the differential principle in Section 3.2.3 are
as same as the ones for the “generalized” differential principle in Section 3.2.2.
Moreover, the differential principle needs inter-individually comparable cardinal
utilities to discover the least advantaged. Thus the differential principle needs more
information than principle of “everybody’s advantage”, and as a result, the application

feasibility of the former is limited than the latter.

In discussing a “strategic” decision-making, “the greatest benefit to the least-
advantaged” is not feasible in strategic situation. In strategic situation, the player selects
“a strategy” instead of an alternative. If the least advantaged select a strategy to
maximize their payoffs, the payoffs depend on the other player’s strategy and cannot
guarantee the maximum distribution to the least. The decision function to achieve ” the
greatest benefit to the least-advantaged” needs to establish a “rule” to restraint others,
which clearly violates the definition of “strategic situation” and characterizes

cooperative games.

From the view point of the social justice, it is not natural that the decision making of
“everybody’s advantage” is socially injustice or unfair. This does not promise the
mitigation of social gaps, but at least give everybody the better, which mitigate gaps as a
result in long run from our experience in development of countries. Even for individual

in the most risk averse would not object to give a better life to any social rank.

10



Chapter 1: Introduction

From the above reasons, we employ the “generalized” differential principle instead of
specific one as the benchmark of improvement of the decision system, such as Arrow’s

framework, utilitarian cost benefit analysis and strategic analysis.

4. Proposal of this thesis: Realization of justifiable decision-making

This thesis aims to propose the improvement of new welfarism’s framework which
compounds its disadvantage by limiting information. Rawls’s two principles of justice
are employed as the “merkmal” or the benchmark for evaluation. As stated in Section 2,
these principles are still controversial but reliable enough to be used as criteria for
evaluation. The proposed methodologies of decision-making are evaluated with their

fulfillment of Rawls’s principles of justice.

For the proposal of improvement, this thesis rather focuses on utilization of non-
utility information than enrichment of utility information. As Sen stated in his “liberal
paradox”, utilization of compatible cardinal utility can not avoid Arrow’s impossibility
theory. According to Sen, the way to free from the impossible theory, the boundary of
the stakeholder’s scope, or “protected sphere” have to be defined by the use of non-

utility information. *

4.1. Proposal: Incorporating “status quo” into decision-making

The generalized differential principle requires that “everyone benefit from economic
and social inequalities”. To clarify “benefit”, the initial arrangement prior to the

decision has to be defined as a benchmark. This initial arrangement is called as “status

* The “impossibility of the Paretian libertarian” which I have presented elsewhere (Sen,
1970), relates closely to the difficulties with welfarism. The result shows the
incomparability of the Pareto principle (even in the weak form) with some relatively
mild requirements of personal liberty, for consistent social decisions, given unrestricted
domain. The link with welfarism can be seen in the following way. Considerations of
liberty require specification of non-utility information as relevant, e.g., whether a
particular choice is self-regarding or not, or as falling within a person’s “protected
sphere”. The claim is that this use of non-utility information goes not merely against
welfarism, it can go even against Paretianism. (Sen 1970)
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Chapter 1: Introduction

quo” in this thesis later on.

The status quo can only be defined as the situation of “social goods” prior to the
decision. To identify what situation is status quo, we need to employ the concept of

“time sequence” to differentiate the situation of “before” and “after” the decision.

In real-life decision making, it is rare not to have time sequence in decision process.
Such decision is limited in the situation where the initial arrangement has ceased to
exist such as the general election after parliamentary dissolution. Aside of it, status quo

normally exist.

Status quo can also act as “disagreement point”, if the decision cannot be reached. It
is natural and reasonable to keep status quo until decision has done to alter it, as stated
by Nash (Nash, 1950). In the real-life decision making process, incomplete decision

frequently happen, and the preparation for it is unavoidable.

In formal expression, the proposal of “incorporating the status quo” introduce 5-tuple
social system including “time sequence” such thatS = (N, 4,{f,},.x,T>1a,},.r ), Where,
T ={— m,-~-,t,—2,—l,0} is the set of retrospective timings which specify stages of
decision. The status quo of each stage is defined as unique precondition of decision in
each stage. Timing 0 identifies the stage in which the latest decision takes place, and
specifies the status quo as the unique precondition in the latest stage. Then timing -1
identifies the decision stage which is one stage prior to the latest one (if any) and
specifies the status quo in that stage. The concept of 7 is retrospective, and does not

foresee a prospective situation. a, is the alternative under the specific timing of ¢. This
system has clear contrast to the 4-tuple system (N A,a, {f /.}_/.EN) defined in Section
3.2, which incorporates “reference point” instead of “time sequence.”

In comparison with the system in Section 3.2, the proposed social system can trace
back the history of the decision. It opens the application to retrospective analysis of

decisions, or step by step approach in prospective analysis.

4.2. Proposed decision rules: Prioritizing the status quo

12
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This thesis proposes the following decision rules to make improvements of the

traditional methodologies;

a) Incorporating concept of “time sequence” into the decision making framework. This
could identify a precondition prior to a decision (status quo). The status quo should
not be restricted the “initial” situation of the sequence, could be defined as

preconditions of each decision stage in multi-stage approach.

b) Conflicting situation (such as situation which may not reach unanimity) should be
included in the alternatives to be chosen. The status quo should be treated as

disagreement point of the conflicting situation.

c) The distribution of “social goods” by the decision must satisfy “Pareto Optimal” for
all stakeholders. Any single person who is deteriorated his social goods cannot be
legitimate in the decision. This rule is particularly formulated to satisfy the principle

of justice of Rawls.

The rule a) is formally defined in the above section. The rule b) is formally defined

as the decision function such that F” : (N, AAf;}jen>T51a,} o) > a ™, where a* is the
alternative such that if there is a’ which satisfies f;(a') > f;(a,,) forall je N, then

a*=a’,else a*=a,

The rule c) is formally expressed as the decision function such that

F¢:{a*}+>a ,where a is the alternative satisfy the following;

There is no a such that f_/.(a") >~ f_/.(a**) forallje N.

5. Organization of this thesis

This thesis consists of four chapters other than this chapter. The problem arises in Sec.
2.1 are discussed in Chapter 2. Deficiencies on distribution stated in Sec. 2.2 are
analyzed in Chapter 3. The application of strategic actions into the decision appealed in

Sec. 2.3 is attempted in Chapter 4. The summarization and conclusion of this thesis

13
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appears in Chapter 5.
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Chapter 2: Re-examination of Arrow’s Framework

Summary

“Arrow’s general possibility theorem” (1963) has revealed that three basic democratic
conditions, which consist of, “unrestricted domain” (U: each individuals has un-restricted
alternatives.), “independence of irrelevant alternative” (I) and “Pareto optimality” (P),
cannot consistent with the condition of “non-dictatorship”. If collective choice is
regarded as multiple criteria decision of a single person, Arrow’s theorem also affirms
impossibility of implementation of multi-criteria decision, although some psychological
studies show opposite results. To resolve this issue, this chapter proposes a social welfare
function which employs and prioritizes “status quo” , and relaxes the condition of
“independence ofirrelevant alternative”. The main result of this chapter reveals that if the
proposed social welfare function is applied to the model proposed, non-cyclic social
orderings could be an output in accordance with conditions U, P and D. Although the
relaxation of the condition I is inescapable, however, the use of such restricted non-utility
function enables us to identify the social ordering in which the highly preferred
alternative than the status quo shall be highly preferred by all criteria (individuals), than
the status quo. Thus the ordering satisfies Rawls’s “generalized” differential principle as

well.

1. Introduction
When you have to choose a hotel you stay, how do you select it? Someone focuses on

charges; the other person focuses ambiences or else. Most of you decide the hotel by
utilizing multiple criteria, such as charges, location, ambiences, services, and so on. In
this situation, what do you think if you are allowed to employ only a single particular
criterion for your decision and cannot utilize other numerous indicators? That is what J.K.
Arrow proved in 1950, and it is called as “Arrow’s general impossibility theorem” (Arrow

1950, 1951, 1963).
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Arrow’s social welfare function is a particular type of collective choice rules that
specifies orderings for the society as “output” by utilizing the information about multiple
individuals’ orderings as “input”. An individual’s ordering is assumed to be reflexive,
transitive and complete.' We should note that the collective choice by Arrow’s social
welfare function specifies an “ordering” for the society, not only the “best alternative”. A

binary relation on the possible alternatives has to be determined by the function.

The above Arrow’s framework generally accepts four conditions of “new welfarism.”
The first condition embodies “welfarism” such that any social state ranking must be based
entirely on personal utility. Secondly, Arrow’s framework does not only utilize
“ordering” as the output of the social welfare function, but also exclusively use “ordinal
properties” as the basement for social welfare judgement. Thirdly, Arrow strictly
criticised the assumption of interpersonally comparable utility attributed to the
“utilitarianism”, and postulated the incomparability. Lastly, Pareto preference rule is
weakly introduced in Arrow’s framework such that if everyone has higher utility in x than

¥, x have to be socially better than y.

As stated above, if we cannot use non-utility information, all individual orderings or
preferences have to be treated equal. For example, the ordering of Mr. A cannot be
prioritized to the ordering of Mr. B, nor a specific relation among the alternatives in the

ordering cannot be prioritized to the other.

" “An ordering is a ranking of all alternatives vis-a-vis each other. Consider the relation
“at least as good as.” First, it must be “transitive,” i.e., if x is at least as good as y, and y is
at least as good as z, then x should be at least as good as z. Second, the relation must be
“reflexive,” i.e., every alternative x must be thought to be at least as good as itself. Third,
the relation must be “complete,” i.e., for any pair of alternatives x and y, either x is at least
good as y, or y is at least as good as x (or possibly both)” (Sen, 1970) .
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This limitation has great impact on aggregating conflicting interests of different persons,
groups, or classes, e.g., in planning decisions, or in comparisons of national welfare in
alternatives or successive situations (Sen, 1973). Actually, aggregating conflicting
interests are the basement of many acts of political and social judgments, e.g., the
personal decision as to what kind of a government or a society one should want (Harsanyi,
1955). However, it is the aggregation that the Arrow’s general possibility theory stated as

impossible.

Although the first principle of welfarism is not to evaluate values of utility or satisfaction,
we hypothesize that it is possible to utilize non-utility information in restricted manner to
evaluate the justification of specific utility, and thereby, we propose the social welfare
function, which can decide the social ordering even if there is conflict in orderings among

individuals.

1.1 Arrow’s framework and Arrow’s general impossibility theorem

Before we examine the proposal of the utilization of non-utility function, let us
re-define the basics of the Arrow’s framework and his theorem. In typical, X is the set of
all alternatives or outputs. It has at least two members. We let P(X) denote the set of
orderings on X. The set N of individuals whose preferences are to be consulted is the
finite set {1, 2,..., n} with n is more than 1. Then P(X)" is the set of ordering on X for the
set of N. A domain P is some non-empty subset of P(X)", a member p of P(X)" is called a
profile, and it assigns the ordering p(7) to individual i € N, where p(i) is interpreted as i’s
preference ordering at profile p. A social welfare function for output set X and domain P is

a function f'from P into the set P(X) of orderings on X.
The “Arrow’s framework™ has five characteristics as follows. (Campbell and Kelly

2002)
(1) The set X of alternatives is unstructured.
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(2) There is a finite set N of “individuals”, which is fixed. Typically, the members of N are
different people, who have preference over the alternatives in X. However, May (1954)
and Arrow and Raynaud (1986) regard N as decision criteria. For example, X is a set of
hotels and the set NV is the set of scheme of preference. For each attribute, the ranking
reflects the tastes of a single individual. In this interpretation, we can analyze the single
person’s decision making which is based on more than 2 criteria. This interpretation of
N has been used in many papers employing “multi-criteria decision making” (van Delft
and Nijkamp, 1977) .

(3) Social choice is sensitive only to the ordinal property of individual preference.
Specifically, the informational base for a social choice procedure is a family of profiles,
where a profile is an assignment of a preference over X to each individual N. The input
to the social choice procedure is a preference over X to each individual V.

(4) The output of a social choice procedure is an ordering of the alternatives in X, called a
social ordering, rather than the selection of one or more members of X.

(5) Preference revelation is non-strategic. We do not consider what happens when “the

ideals of the just society meet with the play of self interest” (Arrow 1997).

Arrow proved general possibility theorem in 1950, which consists of imposing certain
conditions on a social welfare function f; and showing that these conditions are mutually
incompatible. In other words, rule f which can satisfy condition U, P and I must be

dictatorial. These conditions are as follows ;(Campbell and Kelly 2002)

Condition U (unrestricted domain): The domain of the rule fmust include all logically
possible combinations of individual orderings.

Condition P (weak Pareto principle): the rule f must satisfy the Pareto principle in the
weak form, i.e. if everyone prefers x to y, then society must also prefer x to y.

Condition I (independence of irrelevant alternative): Social choice over a set of

alternatives must depend on the orderings of the individuals only over those
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alternatives, not on anything else, e.g., on rankings of “irrelevant” alternatives that are
not involved in this choice.

Condition D (non-dictatorship): Rule f'should not be dictatorial. In other words, there
should be no individual such that whenever he prefers x to y, society must prefer x to y,

irresponsible of the preference of everyone else.

1.2 Application of Arrow’s Theorem to Multi-criteria Decision Making

If we regard N as the set of schemes of preference of single person, the interpretation of
Arrow’s theorem tells us that any person has to make his/her decision depending on only
a single particular criterion. In other words, multi-criteria decision making cannot be done.
For example, in case you have to decide the hotel to go, you cannot utilize combined
information of charges and ambience, but have to be based on only charges. This
conclusion is not acceptable instinctively, and also contradicts some psychological
studies, mentioning that human can combine information from seven criteria. (Miller,

1956)

2. Proposal: Enabling multi-criteria decision making by incorporating non-utility
information into decision-making

2.1 Rawls’s “generalized” differential principle of justice and a prioritization of the
status quo

Recalling Rawls’s principles of justice explained in Chapter 1, the generalized
differential principle , which requires “everyone’s benefit,” if economic and social
inequalities are not avoidable (Rawls 1951). “Benefit” is normally interpreted as better
than the situation prior to the decision, or “status quo.” To respond these two

requirements, this thesis proposed to employ the concept of Pareto optimality and “time
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sequence”, the sequence which enables to differentiate “before” and “after” of the
decision to identify “status quo.” Thereby, to satisfy “everyone’s benefit,” the situation
accredited to the decision has to satisfy Pareto optimality for everyone compared with the

status quo, unless that, the society should keep status quo.

2.2. An individual/criteria as a tie breaker

Even if the prioritization of the status quo is introduced, it is possible that there is an
unresolved conflict between individual/criteria. In response to this, we propose the
concept of a “tie-breaker”. The concept is to prioritized binary relations in a specific
individual / criteria among others. For designating the tie-breaker, we propose and utilize

the concept of “common shared criteria”.

To limit the universal domain and keep away from the Arrow’s theorem, the concept of
“single peakedness” has been proposed (Arrow 1951). This concept postulates that all
preferences of alternatives can be on the single axis of value, such as “right wing” or “left
wing” of the political behaviour, and constrains to individuals to have only one “peak” of

their preference on that axis (selection of peak is free for individual).

As an extension of the concept of “single peakedness,” we would like to propose the
concept of “common shared criteria,” in which all individuals share not only the axis of
value of a criterion, but also a ranking ofthe preference in the criterion. In this chapter, the
item of “hotel charge” is employed as the example of this value. In this value, even if the
unit of the indicators (e.g. $, Yen, Euro, etc) are transformed, the ordering itself does not
change, i.e., charges of Hotel A are more expensive than those of Hotel B, whatever the
customers use USD, JPY, GBP or EUR. Therefore, the order of the criterion 1 cannot
prefer B to A whoever the person employs this criterion, unless the customers like better

expensive than inexpensive in general.
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According to its “common shared” nature, it is reasonable that the criterion which

consists of “common shared criteria” is prioritized than other criteria.

2.3 Proposed Social Welfare Function

Incorporating the concepts listed in 2.1 and 2.2, let me propose the social welfare function

as follows. The decision process from (I) to (IIT) in order.

(I)  Ifevery criteria (every individual) prefers x to y, then society shall also prefer x to y
(Condition P (weak Pareto principle)),

(I Ifthere is a conflict of ordering between criteria (individuals), i.e., criterion 1 prefer
x to y, and criterion 2 prefer y to x, and ifx is a certain social state (the “status quo”),
the society shall prefer x to y, and

(II) Ifthere is a criterion designated as a “tie-breaker”, the criterion shall be select as a
“prioritized criterion”. The ordering of the prioritized criterion shall be prioritized
than others.

In this case, the society is assumed not to select the criterion by which the status
quo is located in the lowest order as “common shared” criterion. Because such a
criterion appeals strong dissatisfaction to the status quo, and thereby it is moderate

enough not to be commonly shared by all individuals.

As for rule (I), if at least one individual strictly prefers x to y, and every individual
regards x to be at least as good as y, then the society should prefer x to y. This criterion has
an obvious appeal.

As for rule (II), in predicting the actual output of a conflict of the preference, the status
quo is clearly relevant, for it defines what will happen in the absence of the parties

agreeing to a cooperative solution, as stated in Nash’s “bargaining problem” (Nash 1950).
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As for rule (III), if the conflict could not be resolved even if priority is given in status quo,

the “common shared criteria” can be a final tie-breaker.

2.4 Formal expression of the traditional and the proposed social welfare function

Let us assume the social system § = (N ,A). In this system, the social welfare function

which aggregates individuals’/criteria’s into a single preference order (social ordering) on

A 1s defined as;
F:L(A)" = L(4)

Where, 4= {a € A} is the set of alternatives, N = {1,2,...,j,---,n}is the set of individuals
or decision criteria, L(A4) is the set of all full linear orderings of 4 (the set is equivalent to

the set of permutations on the elements of A).The n-tulpe (R,,R,,:--R,) of individual’s

or criteria’s preference is called a “preference profile”. The decision of the social welfare

function is expressed as;
F(R,R,,---R )= R*, where, R*is a “social ordering.”
Where, (R,) .y € L(4)" and R*e L(4)

In contrast, the proposed alternative, the modified social welfare function is formally

expressed as the social system S =(N, 4,T,{a,},,). In this system, let 7> denote the

social welfare function such as;
F:L(A)" xA" > L(A).

Where, T = {— m,---,t,—2,—1,0 } is the set of retrospective timings which specify stages of
decision. The status quo of each stage is defined as unique precondition of decision in

each stage. Timing 0 identifies the stage in which the latest decision takes place, and
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specifies the status quo as the unique precondition in the latest stage. Then timing -1
identifies the decision stage which is one stage prior to the latest one (if any) and specifies
the status quo in that stage. The concept of 7T is retrospective, and does not foresee a

prospective situation. a,is the alternative under a timing t. The decision of the social

welfare function is expressed as;

F'((R,R,,*R)),{a,},.;)=R*, where R*e L(A)

3 The Model

The following decision-making models are formulated to examine whether our
proposal can enable multi-criteria decision making, and can satisfy Rawls’s second
principle of justice. The first examination is correspondent to find a “social welfare

function” which is not constrained by Arrow’s impossible theory.

In the model we use in this chapter, we employ single-stage decision model such that the
set of timing 7' = {O } for simplification. We also denote X as a set of hotels X={A,B,C},
and the set N={1,2} as the set of scheme of preferences denoting charges and ambiences,
respectively. Criterion 1 orders the hotels according to their charges; criterion 2 orders
them by ambiences as shown in Table 1. A single person has social welfare function f

such that determines the ordering of hotels based on the preferences of each criterion.

Table 1: Ranking of preference in each specific criterion

1: hotel charges | 2: ambiences

Hotel A ($100) | Hotel B
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Hotel B ($200) | Hotel C
Hotel C ($ 300) | Hotel A

You are assumed to be staying in Hotel B, and want to decide whether you should move

to Hotel A or Hotel C, or keep staying Hotel B. That is, Hotel B is regarded as the status
quo (SQ).

3.1 Adaptation to Aforementioned Conditions

The proposed social welfare function meets the Condition P clearly. The function also
satisfies the Condition U, because an identification of the “status quo™ is only a
“marking” of alternatives, and does not restrict any selection of orderings in each

criterion.

To examine the adaptation to the Condition D, let me show the application of the rule
to the model shown in Table 1.As the first step, binary relations to meet weak Pareto
principle are identified. B (status quo) is preferred to C in both criteria, thus the society
must prefer B (status quo) to C. As for the relation between A and B, there is no consensus
among criteria (individuals). Therefore, rule (I) is applied, the society must prefer B to A.
Lastly, two criteria have conflict over the binary relation between A and C, rule (III)
stipulates us to prefer A to C. Through these steps, the social ordering appears as
B> A>C. This result clearly remarks there is no dictator in this decision-making. Also,
this relation of three alternatives complies with reflexivity, transitivity and completeness.
This result can be described as Table 2. The decision process for all possible

combinations is shown in Table A in ANNEX.
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It is obvious that, if the rule (II) does not exist, the social ordering equals to the ordering
of the criterion 1 and the criterion 1 becomes a dictator. The rule (II) plays a key role to

keep the proposed social welfare function away from dictatorship.

Table 2: Decision Process of the proposed social welfare function (B is regarded as SQ)

Social
Criterion 1  Criterion 2 Rule I Rule II Rule III
Ordering
B> C B> A A> C B
B A
C A C

The function, however, contradicts to Condition I. The essence of Condition I
(independence ofirrelevant alternatives) is that any binary relation of a social ordering has
to be decided based only on binary relations of each individual (criterion). The rule II
intervenes in the decision of the social ordering by prioritizing the status quo. The
decision process showed in Table 3 explains this contradiction clearly. The ordering of
the two criteria in Table 2 and 3 is the same, except the location of SQ in each table
(alternative B is regarded as SQ in Table 2, and so as A in Table 3). The social orderings
of tables, however, are different. (See Table A in ANNEX for decisions in all possible

combinations)

Table 3: Decision Process of the proposed social welfare function (A is regarded as SQ)

Social
Criterion 1  Criterion 2 Rule I Rule II Rule III
Ordering
B> C A> B A> C A
B C B
C A C
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For discussion, let me show that, in the decision processes when alternative C is regarded
as SQ (see Table C in ANNEX), there is one “cyclic” ordering, which unable to

determines a social ordering. This situation, however, cannot happen because the society
does not accept the criterion as “prioritized criterion” by which the SQ is allocated in the

lowest order of alternative, as stated in Rule (III).

4. Conclusion

The analysis above reveals that if the proposed social welfare function is applied to the
model which comprises three alternatives and two criteria, the multi-criteria decision
model can output the non-cyclic social orderings in accordance with conditions U, P.
Because multi-criteria itself denies the condition D, Rawls’s first principle of justice

(preservation of individual liberty) is satisfied.

Moreover, the restricted non-utility function enables us to identify the social ordering
which can satisfy Rawls’s generalized differential principle. The highly preferred
alternative than the status quo in the ordering shall be preferred by all criteria
(individuals) than the status quo. Thus, the ordering is consistent with “everybody’s

advantage.”

On the other hand, the use of non-utility information such as “status quo” or “commonly
shared preference” have to make the condition I to be relaxed. However, this proposal
does not relax the condition I arbitrarily, but limit to the utilization of non-utility
information such as “status quo” or “tie-breaker criteria”. This non-utility information
exists generally, but only in strictly limited conditions. In most cases, a decision has a

pre-decision situation or status quo. The decision which does not have pre-situation is
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limited such as an election of candidates. Thus the information of status quo is widely

applicable in almost all decisions.

Since this chapter examines limited situation, the study to seek further generalization is

desired.
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ANNEX

Table A: Decision process of the proposed social welfare function in all possible

combinations. (The alternative B is regarded as SQ.)

Case 1
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A A A>B A
B B B> C B
C C A> C C
Case 2
Criterion 1  Criterion 2 Rule I Rule I Rule III SOCI?I
Ordering
A A A>B B> C A
B C A> C B
C B C
Case 3
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A B A> C B> A B
B A B> C A
C C C
Case 4
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A B B> C B> A A> C B
B C A
C A C
Case 5
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A C A.> B B> C A> C A
B A B
C B C
Case 6
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A C B> A A> C B
B B B> C A
C A C
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Table B: Decision process of the proposed social welfare function in all possible

combinations. (The alternative A is regarded as SQ.)

Case 1
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A A A>B A
B B B> C B
C C A> C C
Case 2
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A A A>B B> C A
B C A> C B
C B C
Case 3
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A B A> C B> A B
B A B> C A
C C C
Case 4
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A B B> C A> B A> C A
B C B
C A C
Case 5
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A C A.> B B> C A> C A
B A B
C B C
Case 6
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A C A>B A> C A
B B B> C B
C A C
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Table C: Decision process of the proposed social welfare function in all possible

combinations. (The alternative C is regarded as SQ.)

Case 1
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A A A>B A
B B B> C B
C C A> C C
Case 2
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A A A> B C>B A
B C A> C C
C B B
Case 3
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A B A> C B> A B
B A B> C A
C C C
Case 4
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A B B> C C> A A> B -
B C -
C A R
Case 5
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A C A.> B C>B A> C A
B A C
C B B
Case 6
Criterion 1  Criterion 2 Rule I Rule II Rule III SOCI?I
Ordering
A C C> A A> B C
B B C>B A
C A B
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Summary

The traditional Cost benefit analysis (CBA), which is deeply rooted in welfarism, in
particular, utilitarianism, has long been the preferred methodology for evaluating economic
factors in policy making. The traditional CBA is also regarded as a social welfare function
which can designate a “social ordering” of all alternatives. This chapter proposes
incorporating the concept of “time sequence” and “status quo” into the traditional CBA
framework whose guiding concept is the “Pareto optimization” of outcomes for the
stakeholders. This chapter further proposes Rawls’s principles of justice, in particular,
“generalized” differential principle which requires everybody’s advantage as evaluation
criteria for CBA, and thereby critiques the traditional and alternative variants against this
standard, ultimately to demonstrate the superiority of the latter. The major findings of this
chapter reveals that the alternative can guarantee an advantageous situation compared to the
status quo for every stakeholders as well as the alternative can satisfy Rawls’s principle of

everybody’s advantage, which is the benchmark of a social decision-making.

1. INTRODUCTION

The traditional CBA can determine which alternative can produce the maximum sum of
utility for the society questioned by confirming whether or not the “benefit” of a given
regulatory option is greater than its “cost.” The traditional CBA has long been the
widespread methodology as the collective choice rule (CCR) to identify an alternative
which maximizes the sum of utility compared with the status quo, in accordance with
“utilitarian” approach rooted in J. Bentham. The traditional CBA can also specify the sum
of utilities on each alternative, therefore, the traditional CBA is also regarded as a social

welfare function which can designate a “social ordering” of alternatives.

The fundamental critique to utilitarianism, which is stated by Rawls, is that “the satisfaction

of any desire has some value in itself which must be taken into account in deciding what is
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right, ” even if the satisfaction is illegal, unethical, immoral or injustice. (Rawls 1971) The

part of this issue is discussed in Chapter 2.

The other major critique to the utilitarianism or the traditional CBA is the issue of utility
distribution, which this chapter is mainly concerned with. The correct distribution in
utilitarian approach is that which yields the “maximum fulfillment” and not any more than
that. The utilitarian “does not matter, except indirectly, how this sum of satisfactions is
distributed among individuals any more than it matters, except indirectly, how one man

distributes his satisfactions over time.” (Rawls, 1971)

In the approach above, the benefit of the weak, who has small amount of utility, is likely to
be outweighed by the benefit of the strong, who has large amount of utility. As a result, the
alternative which is not beneficial for the weak can be the best choice for “maximum
fulfillment.” This result clearly violates Rawls’s “the second principle of justice,” the
principle that “social and economic inequalities are to be arranged so that they are both (a)
reasonably expected to be to everyone’s advantage, and (b) attached to positions and offices

open to all.” (Rawls 1971)

In addition, the traditional CBA which is in accordance with the utilitarian approach can
only analyze cardinal and interpersonal comparable utility. This assumption was widely
criticized such as by Robbins (1932), and its difficulty of application especially appeals on

the comparison between the value of life and the value of goods.

1.1 The Purpose of this Chapter

This chapter aims to propose the alternative CBA methodology which complies with the

followings;

a) Incorporating concept of “time sequence” into CBA framework. This could identify the
situation before the decision (status quo). The status quo should not be restricted the

“initial” situation of the sequence, could be defined as the situation prior to the “last”
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decision.

b) The distribution of “social goods” by the decision must satisfy “Pareto Optimal”
compared to the status quo for all stakeholders. Any single person who is deteriorated
his social goods cannot be legitimate in the decision. This distribution can also be
consistent with Rawls’s principles of social justice, in particular the “generalized”

differential principle.

In doing so, this chapter proposes an alternative CBA that attempts to “optimize the
payoffs” to any organization, governmental entity, or individual that has a stake in or may
be impacted by a given approach to regulation (here in after, I call it as “stakeholders™).
This paper thereby critiques the use of traditional CBA as the methodology of choice for
making decisions in policy. The traditional and alternative methodologies are appraised in

terms of evaluation criteria for enhancing CBA performance.

1.2 The Organization of this Chapter

In this chapter, I employ the decision of environmental regulation as the field of
application. Mathematical definitions of the traditional and proposed alternative
methodologies and an analysis of their respective strengths and weaknesses follow. I
propose the evaluation criteria for which the stakeholders can evaluate the usefulness of
CBA as it is variously applied in actual risk management. In particular, I formulate a simple
model based on the hypothetical situation where the government aims to adopt the new
regulation and demonstrate how the traditional and proposed alternative CBA are applied in
actual decision making. Finally, both are critiqued in terms of the aforementioned criteria to

which CBA should subscribe.

2 RISK ASSESSMENT FRAMEWORKS
2.1 Risk Assessment for the Protection of Human Health

The central goal of regulations for protecting human health is the reduction of risk. To
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this end, risk assessment is carried out within the overarching framework of risk
management. Specifically, risk assessment attempts to ascertain the required reduction of
exposure to potentially hazardous substances in the environment in order to identify a
tolerable level of risk. This is accomplished by “the use of the factual base to define the
health effects of exposure of individuals or populations to hazardous materials and
situations.”(US NAS/NRC. 1983) In this paper, carcinogens serve as the model target of
regulation.

Risk assessment for cancer in humans takes into account the exposure to known
carcinogenic agents, the dose absorbed by the body, and the cancer-slope factor (i.e.,
potency) that is based on the dose-response relationship for various types of cancer. From
the analysis of these factors, risk assessment can specify the probabilities of contracting
cancer. Therefore, this technique calculates how much reduction of exposure is required to

achieve a certain reduction of risk. (James et al. 2000)

2.2 Functions of Risk Management and CBA

Risk management is a means by which government agencies evaluate various
regulatory options and choose among them. It utilizes information generated by risk
assessment and integrates relevant “political, social, economic and engineering information
in[to] the decision process.”(Beck et al. 1994)

Various studies show that the perceptions of people, who know that they are being
subjected to risk, are normally not influenced by economic factors (Wilson and Crouch
2001), although difficulties arise in applying expected utility model for cases where
discrete catastrophic financial impact affect individual survival. (Roy, 1952) Therefore,
unless the financial impact is so severe, within the context of risk management, CBA is

mainly used to justify the imposition of regulations on enterprises.
2.2.1. De minimus risk and de manifestus risk, and ALAPR

Countries such as the United Kingdom not only employ the concepts of de manifestus

risk and de minimus risk but also define the decision criteria for their application. The
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former represents the maximum threshold of risk to which humans may be subjected. Risk
levels that reach this maximum cannot be justified on any grounds. The latter represents the
minimum threshold of risk exposure, and, therefore, risks satisfying this criterion are
broadly acceptable. The range between them is designated the ALARP (as low as
reasonably acceptable). Accordingly, risk “is tolerable only if the risk reduction is
impractical or if its cost is grossly disproportionate to the improvement gained.” (Marszal
2001) The choice of regulatory options within this range usually relies upon CBA, the
traditionally preferred methodology of economic analysis.

Most countries, including the United States and Japan, do not define de minimus risk
and de manifestus risk so rigorously. The broad consensus holds that formal decision
criteria “cannot explicitly reflect uncertainty about risks, population within, variation in
susceptibility, community preferences and values, or economic considerations.”
(Presidential Commission on Risk and Risk Management 1997) However, it appears that
most federal regulatory decisions in the U.S. do invoke the ALARP criterion in conjunction
with CBA.

A survey of 132 U.S. federal regulatory decisions involving environmental carcinogens
to which large populations were exposed showed that regulatory action was always
undertaken if the risk was greater than 10, (Travis et al. 1987) This value represents de
manifestus risk, and for a small population, it rises to 10> Furthermore, if the risk level for
a large population was less than 10 to 107 and for a small population less than 10 to 10-5,
no regulatory action was taken. These values represent de minimus risk.

The foregoing results strongly suggest that U.S. regulatory authorities apply CBA
inexplicitly, that is to say, the tolerable risk level for a small population is greater than that
for a large population. However, this outcome is all quite rational in view of the logic of
traditional CBA: the smaller the population, the smaller the net benefit to be realized from a
given regulation; in other words, relax the tolerable level of risk in order to hold down the

cost of regulation.

3. THE EVALUAITION CRITERIA FOR CBA
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The evaluation of CBA methodology should be done from multiple aspects. Each
stakeholder has different stakes to the regulation; therefore each stakeholder’s focus of
evaluation has diversity. The following characteristics are selected as the evaluation criteria
that cover all points of view from various stakeholders.

a. Decision-making by means of CBA should be advantageous to all stakeholders.

As stated by Rawls’s “generalized” differential principle, distribution of payoffs should
be “everyone’s advantage”.

b. Within the context of public decision-making, the stakeholders under all
circumstances should be able to influence the outcomes of CBA.

All stakeholders should be able to affect the decision-making process regardless of the
scale or magnitude of their respective interests. This is related to the Rawls’s first principle
of justice, which guarantees “equal right to all”. This criterion is especially important in the
case of the smaller or weaker stakeholders.

c. The CBA should void the use of inter-individual comparable cardinal utility for
valuing cost and benefit.

It is desirable if the CBA methodology does not need a unit conversion for valuing
cost and benefit. For the use of inter-individually comparable cardinal utility for valuing
cost and benefit, the unit conversion from risk base unit (i.e. incident/year) to monetary unit
(i.e. dollar or yen) is not easy process in many cases; the value of the rich tends to
overestimate the one of the poor. Thus the unit conversion is likely to violate the Rawls’s

equal right principle.

4. AN EVALUATION OF THE TRADITIONAL CBA METHODOLOGY

An examination of the utility of the traditional CBA methodology for measuring

economic factors in risk management follows.

4.1 A Definition of Traditional CBA

CBA is the umbrella term for those forms of economic analysis that directly compare

the costs and benefits of regulatory actions. In many of its documented applications,
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traditional CBA employs a decision rule that confirms whether or not net benefit (gross
benefit minus total cost) is greater than 0, or a decision rule that confirms whether or not
gross benefit divided by total cost is greater than 1. (Oka 2003) From the utilitarian view,
the latter is the decision rule most commonly used, and, therefore, is employed in the

analysis of traditional CBA.
Definitions of the decision rules of the traditional CBA methodology

With respect to payoffs of the stakeholders, the decision rules of the traditional

methodology are defined as follows:

Rule: the decision selects the / such that the one that maximizes the sum of the

payoffs of all stakeholders

In formal expression, the above rule is the decision function in the social system is defined

as the 3-tuple system as follows:

S :(L,Nraifj}je]\]r)

Where, let L={0</<1} be the feasible set of the regulatory level, N, ={l,2,...,n} be

the set of elements that are influenced by the regulation (stakeholders), and f; is the

payoftf function, and f,(/) be the payoff of each je N, .

The decision function F'is formally defined as;
F:ALNLS S, ) 1
Where, /* is the laudatory level such that

> 1@ =max 3 {, (0.

JeN

40



Chapter 3: Critical Review of Traditional CBA and Alternative

4.2 Major Deficiencies of the Traditional CBA Methodology

In many countries that employ risk management, the traditional methodology is not
rigorously applied (Marszal, 2001). The main reason for this shortcoming is that the results
of economic analyses have a negligible impact on the risk perceptions of persons who are
exposed to environmental hazards. In concise terms, the relaxation of a regulation based on
the results of traditional CBA is usually regarded as a compromise that redounds only to the
benefit of the enterprise. Such an outcome is likely to be widely criticized and, therefore,
ultimately to make the level of risk much more difficult to decide.

However, the non-rigorous application of the traditional methodology is also due to its

intrinsic weaknesses. These are mathematically described as follows:

Proposition T-1: It is possible that traditional CBA decision-making might result to

certain stakeholders in payoffs which are less than the status quo.

According to the decision rule, the traditional methodology must accept the new
regulatory level if it maximize the sum of the payoffs. However, this decision cannot
guarantee positive net-payoffs to every stakeholder, because the decision rule above pays
attention only to the sum of the gross payoffs, but distributions to each individual. This fact
clearly violates Rawls’s generalized principle, everybody’s advantage. Although the
methodology may uphold in general terms the rationality of a social system’s regulatory
environment, it might not be able to sustain the rationality of any or all of a system’s

stakeholders, and thereby a consensus among all stakeholders may become impossible.
Proposition T-2: If a certain stakeholder has exceptionally large net-payoffs, the
traditional CBA methodology might overlook those stakeholders that have

relatively small payoffs.

Where a certain stakeholder has very large net-payoffs, stakeholders having relatively
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small profits are likely to be overlooked by the traditional methodology. (Mathematical
proofis in APPENDIX.)

This result clearly violates the Rawls’s first principle of justice, the principle of equal
right. The deficiencies are highlighted in the following example. Where the immediate
region surrounding a coal-fired power plant is sparsely populated, a disproportionately
large cost is incurred by the enterprise to purify the airborne effluents. According to the
traditional CBA decision-making, the persons living in close proximity to the plant are
forced to endure a greater health risk than if the region were densely populated.
Furthermore, if the de manifestus risk level is not precisely determined, the decision might
indicate that, in extreme cases, regulations protecting human health are not cost-effective

for very small populations.

Proposition T-3: The traditional CBA methodology needs a consistency of unit for all

stakeholders’ payoffs for calculating the net benefit.

The outcome or effect of the regulatory option appears in variable fields in social
system and is expressed in various unit, such as monetary bases (i.e. dollar, yen or euro), or
risk bases (i.e. incident/year, life/year and so on). However, the traditional CBA need a
consistency of unit to sum up all payoffs of stakeholders. Therefore, unit conversion is
required to be carried out. From the perspective the quality of information, the traditional
CBA requires inter-individual comparable cardinal payoffs, which is hardly criticized by
many scholars such as Arrow. Moreover, the value of the rich tends to overestimate the one

of'the poor. Thus the unit conversion is likely to violate the Rawls’s equal right principle.

5. AN ALTERNATIVE CBA METHODOLOGY

In spite of the importance of economic considerations in risk management, the traditional
methodology has deficiencies. Therefore, I propose an alternative CBA methodology,

which is intended to enhance and strengthen the decision-making procedure.
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Under the traditional approach, the summation of net payoffs is employed as the
decision criterion. Conversely, the proposed alternative approach selects regulatory options
that realize “the optimization of the list of payoffs.” Specifically, the payoffs to
stakeholders are calculated when a new regulatory level comes into play. Thereupon, the
alternative procedure chooses the particular payoff in the list that meets the “Pareto
optimality.” The Pareto optimality (PO) is the condition such that “no one can be made
better off without someone else being made worse off”.(Rutherford 1995) If there are
certain lists of payoffs that satisfy PO, this procedure opts for that list which maximizes the
multiplicative product of all payoffs.

5.1 The Decision Rules of the Alternative CBA Methodology

The decision rules of the alternative approach are described as follows: Formula (1)
includes the set of elements of the model social system which is subject to regulatory
decisions. Therefore, the alternative CBA methodology is formally defined as a procedure
which selects the list of payoffs engendered by a new level of regulation that satisfy the

following criteria:

Rule 1: The list of payoffs to all stakeholders must satisfy PO.

Rule 2: The payoffs to all stakeholders must greater than the payoffs in status quo.
(The net-payoffs of all stakeholders must be greater than 0.)

Rule 3: If there are two or more lists of payoffs that satisfy the first two criteria, then

the list of payoffs that maximizes the product of all payoffs must be chosen.

The Rule 1 gives us efficient results which are guaranteed by the concept of Pareto
optimality. The Rule 2 is required to satisfy the Rawls’s generalized differential principle
which emphasizes “everybody’s advantage”. The Rule 3 is necessary to preserve the
Rawls’s first principle of justice or “equal right” principle. The advantages of the proposed

alternatives are formally proved by the propositions in section 5.2.
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5.2 Formal expression of the alternative CBA.

In the alternative CBA, the social system is defined as the 5-tuple system of

S'=\r, LN o )

Where,

L= {O <I/< 1}: The feasible set of the regulatory level,

N, = {1,2,...,n}: The set of elements that are influenced by the regulation (stakeholders),
T= {— m,---,t,—2,—1,0 } is the set of retrospective timings which specify stages of decision.
The status quo of each stage is defined as unique precondition of decision in each stage.
Timing O identifies the stage in which the latest decision takes place, and specifies the
status quo as the unique precondition in the latest stage. Then timing -1 identifies the
decision stage which is one stage prior to the latest one (if any) and specifies the status quo
in that stage. The concept of 7 is retrospective, and does not foresee a prospective situation.

In this model, we employ a single stage model such that 7' = {O =5q }
{l.},.; 1s the regulatory level under a specific timing.

{f] | f,(D) = payoﬁ‘}jew : The set of payoff function f, ofeachjeN,.

5.2.1. Definitions of benefit and cost

In most risk-assessment scenarios, “benefit” connotes a “reduction of risk” (Oka, 2003).
Since “reduction” implies how much a regulation might diminish the risk level of the status
quo, it follows that CBA measures the “difference” (or “gap” between the payoffs under the

status quo and the payoffs that follow the implementation of a regulation.

In mathematical terms, this “difference” is described as follows: Isq is the strength of

the regulatory option that is imposed on the status quo. If a hypothetical social system is
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subjected to a new regulatory level /, the system will change as it adjusts to /. The payoffs

to the stakeholders will change as well.

The “benefit” and “cost” are defined in general terms as the difference (or gap) between the
payoffs under the status quo and the payoffs after the regulation is implemented. When a
certain regulation /e L is put into play, the net payoffs to a stakeholder je Nr are

defined as
NetPayoff, = f,()- £,(,,)

If the net payoffs are a positive number, a “benefit” is realized. Conversely, if the net
payoffs are a negative number, a “cost” is incurred. The “benefit” and the “cost” are

computationally defined as follows:

Benefit, = NetPayoff, = f,(1)~ 1, )it f,(1)-1,{1,)>0
Cost,; z‘NetPayOJ?”j‘z‘fj(l)—fj(lqu,if fj(l)—fj(lsq)<0

To assess the change in payoffs to all stakeholders je Nr that results from the

implementation of a new regulatory level /e L, the net benefit (NB) is defined as the
summation of the net payoffs to all stakeholders or

NetBenefit(NB) =3 £,()- 3 1.1, )= S A, (0)- 1,0, )} = F(1)

JeNr JENr JEeNr

5.2.2. Formal expression of the decision rules of the alternative.

The first rule implies that a certain stakeholder’s attempt to improve its payoff results in
the reduction of payoffs to the other stakeholders. That is to say, when a certain payoff list
meets PO, there is no better list than that. Therefore, choosing the Pareto optimal list
maximizes the efficiency of payoffs to all stakeholders. The payoffs under PO are described

as follows: If /* satisfies the following condition, the list of payoffs for /* satisfies PO.
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Forall /€ L,thereexistsa j& Nr such that f, (l) </ (l *)
Or

There does not exist an / € L such that f, (l) > f; (Z *) forall je Nr.

The second rule attempts to guarantee that the payoffs to all stakeholders will always be
more than the payoffs in status quo. This rule is set because enforced levels of regulation
that compel releasers of hazardous substances to incur disadvantageous results have little or
no rational basis for persuading them to bear such costs. The second rule is mathematically

described as follows:
£)> £,(t,) foran jenr

The third rule intends for the regulatory analyst to employ those decision criteria which
select the list of payoffs that maximizes the product of all payoffs, provided that two or
more lists satisfy PO. Specifically, if there are two or more /*s that satisfy Pareto optimality,

then the /* which maximizes the product of payoffs is chosen. Mathematically, invoking

this rule is equivalent to choosing the /™ € L which satisfies the following Formula:

Where, I ={I" e L|f,(I")> f,(I" )for all j e N}

5.3 The Advantages of the Alternative CBA Methodology

The advantages of the alternative methodology are assessed in terms of the deficiencies

of the traditional methodology (see Section 3.2).

Proposition A-1: The alternative CBA methodology stipulates that payoffs to all
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stakeholders are more than status quo. This means that the alternative does not
choose a regulatory level / that gives rise to payoffs which is less than status quo

for any stakeholders.

Proposition A-2: Since the alternative CBA methodology maximizes the product of all
payoffs to stakeholders, even if there is the stakeholder whose payoff is much
greater than others, the other stakeholders are still able to affect decisions

regarding to the level of regulation. (Mathematical proofis in APPENDIX.)

Proposition A-3: Since the alternative CBA methodology maximizes the product of all
payoffs to stakeholders in its decision rules, the product of payoffs can be
comparable even if payoffs are described in any kind of unit, such as case/year,

$ or Yen.

For example, if the first stakeholder’s payoffs fl(l)is described in case/year, and the
second payoffs f, (Z ) employs monetary unit, i.e. dollar, the unit of the product of the both
payoffs f;(/)* £,(l)is expressed in “case/year*dollar”. Therefore, the product of payoffs is

comparable to find out maximum product of payoffs nllaLX{ 1(1)* 5 (Z)} Hence, any unit

conversion is not necessary to find out / such that maximize the product of all payoffs.

6. AN APPRAISAL OF THE TRADITIONAL AND ALTERNATIVE CBA
METHODOLOGIES BY MEANS OF MATHEMATHECAL MODELING

The section 6 intends to demonstrate detailed analysis to rigorously critique the
traditional and alternative methodologies. Thus I employ a series of mathematical models
which entails two-stakeholder payoff functions to overcome this shortfall.

The analysis to follow has three aims:
1. To test the feasibility of the alternative methodology’s decision-making in real situation

by formulating the comprehensive payoff functions such that include the cost to adjust
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the change of regulation, and consumers’ reactions such as boycott related with
capability of substitution.

2. To find the limitation of the alternative in real-world situations.

3. To demonstrate the efficacy of a methodology of “relocation of payoffs by the
government (subsidy)” to expand the applicability of the alternative, which

implemented under the situation where the proposed alternative cannot work.

6.1. A Hypothetical Scenario of the Payoff Function Model

The following scenario illustrates how the analyst might construct a series of payoff
function models. A company manufactures product X intended for daily use by consumers.
Product X, however, contains a known carcinogenic substance. Consumers thereby are
exposed to this carcinogen when they use the product. The regulatory authority estimates
the level of cancer risk upon the ascertainment of the exposure concentration, deliberates,
and finally drafts and enacts a new regulation in an effort to eliminate or minimize the risk

to human health.

6.2 The Payoff Function of the Model that Employs U.S. EPA Methodology.

To construct a payoff function model, I employ a risk assessment methodology for
modeling payoffs as the results from the implementation of new regulations. Risk
assessment attempts to ascertain the required reduction of exposure to potentially hazardous
substances in the environment in order to identify a tolerable level of risk (US NAS/NRC,
1983).

With carcinogens operating as the model’s target of regulation, the risk of cancer is
assessed in terms of the lifetime risk, calculated by multiplying the cancer-slope factor by
the duration of the lifetime exposure (U.S. Environmental Protection Agency, 1992). The

risk of cancer for an exposed individual is described as follows:

r=pd (6-1)

where r is the risk level (usually lifetime risk), d is the lifetime average daily dose (LADD
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= Total Dose/(Body Weight * Lifetime)) expressed as mg/kg/day, and f is the potency or
cancer-slope factor i.e., the slope of the dose-response curve expressed in units of cases per
mg/kg/day). In more precise terms, the risk factor r is the elevated probability of
developing cancer specifically associated with exposure to chemical substances cited in the
risk assessment (not the general or background probability of developing cancer).

In the context of cancer risk, / is defined as the level (i.e., strength) of the regulatory
option measuring how much the exposure concentration e decreases with the
implementation of that option. If / = 0, then the rate of reduction of exposure becomes
100%. If / = 1, then the rate becomes 0%.

Stated in more formal terms, / is the level of regulatory options that is required to reach a

certain target level of risk r,. If d becomes d, upon the implementation of a new

regulation, then each variable can now be expressed as follows:

r, = Bd, = Pdl = rl (6-2)

6.2.1. The Payoff Function Model for the Consumers

The payoff function for a certain population of consumers f, (Z ) models the payoffs to

these consumers when a reduction in the exposure concentration of the carcinogenic
substance in product X is obtained by the imposition of a new regulation. These payoffs are
defined as the multiplicative product of the reduced risk level and the total welfare of the
individual consumer. In accordance with the USEPA definition (US Environmental

Protection Agency, 1999), the payoffs can be expressed as follows:

f,0)=w,(r-r) (6-3)

where W), is the total welfare of a consumer having an average life expectancy, r is the risk

to health, 7, is the risk when level of regulatory option / are in force. Substituting Formula

(6-2) to Formula (6-3),

f,0)=w, (1-1)pd (6-4)
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6.2.2. The Payoff Function Model for the Producer

The payoff function for a certain enterprise (i.e., the producer fe(l)) models the net
benefit resulting from product X sales. The payoffs are calculated by subtracting the profit
made in the absence of regulation from the cost after a new regulation is imposed (C,). In
general, the C, escalates dramatically as the level of release approaches 0, and can be

expressed as follows:

C, =c(1/1-1) (6-5)

where c is a coefficient that reflects the socioeconomic significance of these costs.
In accordance with the foregoing result, the payoff function for the enterprise (i.e. the

producer) can be expressed as follows:

fil)=P,-C, =P, —c(1/1-1) (6-6)

where P, is the profit made in the absence of regulation. Since / can only take on values

from 0 to 1, £,(7) is always greater than 0 for the case P, >c.

6.2.3 The Boycott Coefficient Describing the Consumer’s Action

A payoff function can be tailored to accurately reflect the actions of consumers. In
general, if consumers obtain information regarding the health risks of certain products, it is
assumed that they will boycott such products. It is further assumed that the larger the
residual risk 7, is, the more widespread the consumer boycott will be. Therefore, the
proportion of consumers who join a boycott B can be expressed as function in the following

manner:

B=/(n) 6-7)

where 0<B <1. If B = 0, then all consumers will join the boycott. If B = 1, then no
consumers will boycott such products.

According to many studies of risk perception in the public domain, the overwhelming
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majority of consumers tend to be “risk averse” (U.S. Environmental Protection Agency,
1997), (Cropper and Oates, 1992). The results of studies focusing on consumers’
“willingness to pay” or WTP (the amount of money consumers are willing to spend to
avoid risk) are typically summarized in Figure 2. The figure reveals that the general public

is inclined to be more sensitive to lower levels of risk than to higher levels.

Risk

Figure 2: The Relationship between Willingness to Pay (WTP)and Risk Level

Motivation to boycott, risk aversion, and “willing to pay” are closely interrelated. Therefore,
B’is defined as the proportion of consumers who are willing to boycott any product to pose

a health hazard, and can be expressed as follows:

B= 1) =1-1" 6-8)

Since B’ expresses only the “willingness” to boycott, “product substitution” should be
considered. For example, tap water, a product, is a daily necessity for all consumers and is
relatively accessible, abundant, and inexpensive. Conversely, bottled water is much less
abundant and accessible, and certainly much more expensive. Therefore, if the tap water
supply is found to pose serious health risks, then many consumers in all probability would

not participate in a tap-water boycott because of the cost. Therefore, b is defined as a
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coefficient expressing the capability of product substitution. This coefficient takes on
values 0 < b < 1. If b = 0, then substitution is not possible. If » = 1, then “perfect” capability
of substitution obtains. Incorporating b into Formula below gives rise to the following

expression:

B= f(r)=1-bl’ 6-9)

Since the residual risk 7, decreases linearly with respect to the proportion of boycotting

consumers B, substituting Formula (6-9) into Formula (6-917) generates the public’s payoff

function expressed as follows:

f,\O)=w (r—nB)=W,1-I1B)Bd =W, (1-1(1-bl*))Bd (6-10)

Since the initial profit P, decreases linearly with respect to the proportion of boycotting
consumers B, substituting Formula (6-10) into Formula (6-4) generates the enterprises’

(producers’) payoff function expressed as follows:

f.()=PB-C,=PB—c(1/1-1)=P,(1-bl*)—c(1/1-1) (6-11)

6.2.4. Modeling the Government-Oriented Redistribution of Payoffs (the Subsidy)

The stakeholders are estimated to act so as to maximize their respective payoffs.
However, the government may mandate the redistribution of payoffs among the
stakeholders. In particular, the government may reduce the payoff to one stakeholder and
simultaneously increase the payoff to another stakeholder. This pattern of shifting costs and
benefits is commonplace, for example, among industrial nations. With respect to Japan’s
Power Source Funding Special Account, the government imposes a tax on the electrical
power companies and uses this revenue to subsidize local private entities as well as public
facilities located near the power plants. The U.S.’s Super Fund obtains tax revenue from
enterprises producing industrial wastes and allocates it to environmental protection
programs and toxic-waste cleanup projects.

In the payoff redistribution model, S represents the payoffs transferred from some

stakeholders to other stakeholders. Normally, the magnitude of S varies as a function of the
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production, such as the amount of generated electric power. In this paper, however, the
value assigned to S is in direct proportion to the regulatory level /. This policy is reasonable
because the weaker the regulatory level is, the more profit the enterprises will earn and the

greater the health risk will be to the public. Therefore, S can be expressed as follows:

S = sl (6-12)

where s is a coefficient that reflects the significance of the subsidy (s > 0).
By subtracting S from the profits of the enterprises and substituting Formula (6-12) into

Formula (11), the payoff function of the enterprises can be expressed as follows:

f.)=PB-C,-S=PA-bl*)—c(1/1-1)—s] (6-13)

Furthermore, by adding S to the payoffs to the consumers and substituting Formula (6-12)

into Formula (6-10), the payoff function of the consumers can be expressed as follows:

f,()=w (r—rB)-S=W,(1-I(1-bl*)Bd +sl (6-14)

6.3. Conditions for the proposed alternative to function

Reflection on what we seen in former sections will make clear the conditions for the

ADM to work properly. These conditions can be classified as following cases.

6.3.1. The Effects of a Boycott

Can the proposed alternative be effectively utilized in conjunction with the payoff
functions introduced in previous sections, recall that Formula (6-3) is the consumers’ payoff
function, and Formula (6-5) is the enterprises’ payoff function. These functions, regardless
of what values are assigned to their respective coefficients, the consumers’ payoffs
monotonously decrease as the regulatory level increases, because the slope is always
negative. Conversely, the enterprises’ payoffs monotonously increase as the regulatory level
increases, because the slope is always positive. Therefore, the consumers’ payoffs decrease

as the enterprises’ payoffs increase. In this situation, all regulatory levels satisfy the PO

53



Chapter 3: Critical Review of Traditional CBA and Alternative

criterion to both consumers’ and enterprises’ payoffs. In this case, the proposed alternative
will always have to choose the level of the status quo in accordance with Decision Rule 1.
Therefore, it appears that the proposed alternative’s decision-making process cannot

identify possible regulatory levels in given situation.

6.3.2. The Case Which Considers the Effects of a Boycott

If the effects of a boycott by consumers are taken into account, the foregoing conclusion
changes dramatically. Recall that Formula (6-9) expresses the consumers’ payoffs, and
Formula (6-10) expresses the enterprises’ payoffs. If a certain boycott level is in play, then
the value of coefficient b has a certain value greater than 0. In case that the slope of f.(])
change from negative to positive within the range 0</<1, a relationship between f,()
and f.(1) looks like as figure 3 such that the weakest regulatory level among those satisfying
the PO obeys Decision Rules 1 and 2. This outcome is equivalent to the fact that there does

not exist an /* satisfying the criteria of the following formulas:

A

—Jel J 40 6-15
pey (6-15)

%:o and 0<1" <1 (6-16)

An [* satisfying the criteria of Formulas (6-14) and (6-15), and the values of coefficient b

that can satisfy the criteria of Formula (6-16) can be expressed as Formula (6-17).

I" =(c/Pb)" (6-17)
b>c/2P, (6-18)
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(fe(0), fp(0))

fo(l)

(fe(1), fp(1))

fe(l)

Figure 3: The Relationship between f(I) and f,(1) , in case of p>c/2p .

The preceding analysis identifies the values of coefficient b that can satisfy the criteria of
Formula (6-17) as well as facilitate the application of the proposed alternative to regulatory
issues. Moreover, Formula (6-16) shows that decision-making of the proposed alternative
does not depend on the value of W),. Therefore, the determination of regulatory level
options by the proposed alternative methodology is independent of population density
factors and the incomes of consumers, and treats each consumer equitably.

Formula (6-13) also shows that the proposed alternative selects more strict regulatory
levels as coefficient b increases. Thus, the capability of product substitution has a strong
effect on decision-making. Additionally, the smaller the initial profit of an enterprise is, the
weaker the regulatory level tends to be decided. These results are rational decisions

intended to foster the survival of enterprises.

6.4. The traditional CBA’s Criteria for Obtaining the Support of the Stakeholders

In addition to the analysis of proposed alternative in former sections, the proposed

alternative does not function optimally unless consumers have at their disposal the ability to
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substitute products. However, certain products (e.g., clean air, tap water, electricity) are not
substitutable in an absolute sense or in terms of economic efficiency. A further example is
the situation where a consumer boycott cannot reduce the exposure to harmful substances
released by enterprises that are located in close proximity to the consumers. In this instance,
it is imperative that the governmental intervention to re-distribute payoffs among
enterprises and consumers or general public around factories, using its subsidy system. The
subsidy system can assure the traditional CBA to pick up the regulatory level that

maximizes payoffs of stakeholders as mentioned in Section 6.2.4.

6.4.1. Detailed Conditions of the Subsidy for the traditional CBA to Work Properly
For the formal definition of the subsidy system, the capability of product substitution is

assumed to be nonexistent (b = 0), then the government should raise the amount of subsidy

per regulatory level s until the slope of f,(/) becomes 0. In this instance, s satisfies the

following conditions:

o,

p =-W,Bd+s=0, then,s=W, Bd (6-19)

where the weakest level among the regulatory levels meeting the PO criterion satisfy the
criteria of Formulas (6-14) and (6-15) as well. Therefore, substituting Formula (26) and
(6-18) to (6-14), then the /* can now be expressed as follow:

I"=(c/s)"? =(c/W,pd)"? (6-20)
If /* satisfies the criteria of Formula (6-19), Formula (6-14) is satisfied. Therefore, f.(])
have a peak when / = [*. Furthermore, /* can be the regulatory level that maximizes payoffs

to both the enterprises and the consumers. Application of the traditional CBA herewith

strengthens this result.

6.4.2 The Deficiencies of the Subsidy Model

The subsidy model, however, has some major shortcomings. For example, Formula
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(6-18) indicates that the required amount of subsidy per regulatory level s is proportional to
the amount of ),. Formula (6-19) shows that as ¥, becomes smaller, a smaller s is required,
and a smaller s necessitates a larger (i.e., more robust) /*. Therefore, smaller populations of
consumers are subjected to higher levels of risk than larger populations of consumers. On
the other hand, Formula (6-12) and (6-18) reveals that if W), is sufficiently large, fo(])
becomes less than 0, and economic activity stagnates. This scenario implies that facilities

releasing harmful substances can only be located in regions of low population density.

7. DISCUSSION

This chapter proposed the alternative approach of CBA for enabling socially justifiable
distribution of social goods. To be consistent with the second principle of justice, or
“everybody’s advantage”, the concept of the status quo is introduced to justify the
“advantage”. The propositions above and the feasibility study of the alternative in realistic
situation reveal that the alternative can enable the CBA to distribute social goods in

accordance with Rawls’s principles of justice.

This chapter tried to express the social system as the set of mathematical elements. This
enables us to describe the social system change by imposing the new regulation in
mathematical manner. The mathematical expression can evaluate “cost” and “benefit”
objectively, although the cost and benefit are likely to be subjectively defined. Moreover,
this mathematical evaluation can provide the objective basis for the further research of

CBA.

The most important mathematical modeling in this paper is the stakeholders’ payoffs as the
function of the regulatory option level /. This modeling enables the mathematical
evaluation of deficiencies and advantages of the traditional CBA and the proposed
alternative. Moreover, employing the practical modeling as the payoff function allows

calculating and comparing the feasible set of the actual regulatory option level.

57



Chapter 3: Critical Review of Traditional CBA and Alternative

The applied model in Section 6 aims to test the feasibility of the alternative in real situation
by formulating the comprehensive payoff functions such that include the cost to adjust the
change of regulation, and consumers’ reactions such as boycott related with capability of
substitution. The results reveal that the proposed alternative can work in those realistic
situations. Moreover, the model succeeded to the alternative’s applicability can be
broadened if the methodology of “relocation of payoffs by the government (subsidy)”

implemented.

The following sections show the result of critical evaluation of the traditional CBA and the

proposed alternative on each evaluation criteria.

7.1 A Critical Evaluation of the traditional CBA and the proposed alternative

From the foregoing analyses (Sections 4, 5, and 6), a critical appraisal of the traditional
CBA methodology and the proposed alternative methodology follows. Comparisons are

made by applying the criteria which were introduced in Section 3.

a. Decision-making by means of CBA should be advantageous to all stakeholders.

The traditional methodology upholds the desirability of a social system’s regulatory
environment with respect to the stakeholders collectively. However, it does not guarantee to
uphold the desirability of the stakeholders individually. In certain cases, the chosen level of
regulation may lead to payoffs less than those in status quo for some stakeholders. (see
Proposition T-1 in Section 4.2) Conversely, the alternative approach employs decision rules
which generate only payoffs more than those in status quo (see Proposition A-1 in Section
5.2). Thus the designated level of regulation leads to payoffs that are always favorable and
sustains the system’s rationality with respect to the stakeholders individually and
collectively.

Furthermore, the alternative approach enables the regulatory authority to reliably

choose the most efficient list of payoffs, because the alternative requires that all lists of
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payoffs satisfy the Pareto optimal.

b. Within the context of public decision-making, the stakeholders under all
circumstances should be able to influence the outcomes of CBA.

The traditional methodology employs decision rules which enable the determination of
the net benefit (the summation of payoffs) to all stakeholders. However, stakeholders who
have relatively small payoffs are likely to be ignored in the regulatory level selection
process (see Proposition T-2 in Section 4.2). Conversely, the alternative approach employs
decision rules which facilitate the calculation of the product of all payoffs to stakeholders
(see Section 5.2). Therefore, stakeholders who have relatively small payoffs are potentially

able to influence regulatory decision-making.

c. CBA should be unit-free for valuing cost and benefit.

The use of traditional CBA requires that the health risks that a given regulation might
engender are evaluated exclusively in monetary terms, as Proposition T-4 stated. In many
cases, monetary valuation is based on an individual's preference or "willingness to pay"
(WTP) to reduce health risks. The EPA method stated in Section 6.2. is also widely used.
Although various methodologies for evaluating benefits have been advanced, most are still

in need of further testing and refinement. (Cropper. 2000)

In author’s view, the most important deficiency of these monetary valuations is the
dependence of social economic level. Whichever the WTP or EPA methods are employed,
monetary valuation of a single person’s life in developed countries is higher than in
developing countries, because of income level gap. Moreover, the cost to adjust the
regulation is normally higher in developing countries than in developed countries, because
of transportation and import cost. (Trqwen, Maraste, and Persson 2002) Therefore, the
traditional CBA is likely to result in higher risk level to people in developing countries than

in developed.
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7.2 Further Research Needed to Improve the Proposed Alternative

The proposed alternative CBA approach, however, has certain shortcomings that need
to be addressed. Its principal weakness is that it cannot be applied if there is no list of
payoffs where all such payoffs are positive. Furthermore, since the regulatory level which
maximizes the multiplicative product of all stakeholders is not always guaranteed to fall
within the ALARP range of risk, this approach as presently configured is not able to
provide a decision rule for consistently selecting the appropriate level. In view of these

drawbacks, further study into and refinement of this methodology are necessary.

8. CONCLUSION

This chapter proposed a new methodology for decision-making on economic and social
issues in which everyone’s net-beneficial advantage compared to the status quo and an
optimization of net-payoffs are guaranteed. The traditional CBA methodology has long
been considered the dominant method, however, the foregoing analyses and modeling
clearly demonstrate that the proposed alternative CBA methodology possesses a number of
unique advantages, which include the avoidance of the decision by which disadvantageous
net-payoffs yields to some stakeholders, the direct impact that relatively small stakeholders
can have on the decision-making process, and no need to convert the unit of payoffs, which
is consistent with the principle of equal right and the principle of everybody’s advantage of
John Rawls. The traditional approach does not share these attributes. Therefore, the
alternative approach, which incorporate the concept of time sequence into the framework
and whose conceptual basis is Pareto optimization of every payoff occasioned compared to
those in the status quo, offers a potentially more effective and versatile decision-making
tool. Accordingly, further research into its utility for direct application in actual

decision-making is warranted.
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APPENDIX
PROOF OF PROPOSITION T-2

£,(7) can be described as a linear function of f£,(/) since both are a function of the

regulatory level /. Therefore,
AORIGVAU) (A1)

We assume that fl(l) is very much greater than fz(l) for any /, € L, hence the

following relationship:

AU =H0) o0 £(1)=7£0,) @
Where, k| >> 0, then,
£L)*+ £0) =+ DA = £(L) a»)

Formula (A3) means that the relatively small stakeholders can be ignored in decisions

made by applying the traditional methodology.

PROOF OF PROPOSITION A-2

If there are two stakeholders, the following Formula can stand for a value of K:

leL

rrllgxﬁfj(l):maxF'(l)zrrllee}Xﬁ(l)fz(l)zK (A4)

In this situation, I assume that the absolute value of f;(/) is much larger than f,(/) for

all/, € L. The following Formula expresses this relationship.
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£(1,)=k,(,) (A5)

where, k| >>0.

In the case of n}%XF'(Z):K (K > 0), the pair of £;(I"), f,(I') satisfies the first and

second decision rules and is equivalent to the intersection of Formulas (A4) and (AS).

Substituting Formula (A4) into Formula (AS5) yields the following:
1 2
LA =K (A6)

It is further assumed that the payoffs to the second stakeholder always equals k'~ 0 for

all/, € L. This expression implies that the second stakeholder is virtually nonexistent.

Therefore, in the case of max F '(Z ) =K (K=>0), it follows that Formula (A4) is equivalent

to
F'(ZB):k'fl(lB):K (A7)

By Formulas (A6) and (A7), f£,(/,) and f,(/,) can now be described by the following

Formula:

(e =k =50, a

If k£ has large enough absolute value, then %z K'~0 and(f,(, ))2 ~ f,(l,). Because the

dimension of (f,(Z, ))2 and f(/,) isdifferent, /, #[,is generally obtained.

According to the foregoing analysis, even if the first stakeholder’s payoffs are much
greater than the second stakeholder’s, under the alternative methodology the latter is still

able to affect decisions regarding the level of regulation.
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Summary

This chapter examines the feasibility of the adoption of the principles of social justice, in
particular, the “generalized” differential principle, which require everyone’s advantage,
to the decision-making process in a strategic situation. The concept of equilibrium,
which is a dominated concept of game theory, does not utilize non-utility information and
cannot guarantee to benefit all players compared with the status quo. For that purpose, as
the application, this chapter introduces the game model in extensive form which has the
following characteristics: (a) sub-game perfect equilibrium (SPE) should be employed as
a solution, (b) the status quo should be treated as a disagreement point, and (c) a game tree
should be divided into several stages (multi-stage approach). Applying “implementation
theory” or “mechanism design”, this chapter focus on defining the condition of the subset
of “equilibrium outcome” which satisfy SPE as “solution concept” and unanimous
decision as “mechanism” to meet “everybody’s advantage” principle as “choice
correspondence”. Thereby, we examine the interrelations of the strategy of players. As the
application, the chapter analyzes a collective agreement of industrial relations, in
particular, the effects of the “white collar” exemption system on working hours and
productivity of agents, in application with the traditional principal-agent theory. The
analysis of this chapter confirms the coherency of Rawls’s “generalized” differential
principle with a strategic situation. The main result of the application is that the adoption
ofthe “white collar” exemption system may induce shorter working hours compared with
those under the current work-hour payment system. The analysis also reveals that the

overtime premium has positive effect on working hour elongation.

1. INTRODUCTION
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In this chapter, we investigate whether the decision-making process in non-cooperative
situation can preserve the social justice such as Rawls’s. As widely acknowledged, the
game theory does not utilize non-utility information, and the concept of equilibrium, a
core concept of the game theory, is defined based on the payoffs of the players of a game.
Through this process, thereby, there is no guarantee that the alternative which is an
equilibrium point in strategic situation can satisfy the concept of social justice which is

advocated such by John Rawls as well.

1.1. Proposed decision framework

We focus on the Rawls’s principles of justice, in particular the “generalized” differential
principle such that “social and economic inequalities are to be arranged so that they are
both (a) reasonably expected to be to everyone’s advantage, and (b) attached to positions
and offices open to all” (Rawls 1971) . We employ this principle as a benchmark to
evaluate the realization of social justice in the decision process on the basis of the game

theory.

In this regard, we need the decision frameworks in which we can identify if the alternative
becomes Pareto superior compared with respect to the status quo. We, thereby, propose
the following decision framework by which we can assess the conformity to the Rawls’s

principles of everybody’s advantage, and examine its feasibility to the strategic situation;

a) Incorporating concept of “time sequence” into the decision making framework. This
could identify the situation before the decision (status quo). The status quo should not
be restricted the “initial” situation of the sequence, could be defined as the situation

prior to the “last” decision. (multi-stage approach)

b) In conflicting situation (such as situation which cannot reach unanimity), the status

quo should be treated as disagreement point of the conflicting situation.
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c) Identifying the list of payoffs which all stakeholders can adopt (sub-game perfect
equilibrium SPE) in comparison with the payoffs in the status quo. Any single person

who is deteriorated his payoffs (social goods) cannot be legitimate in the decision.

Having a normal form game been difficult to coherent with the requirement of the
framework, we employ an extensive form game in which if one of the players of the game
denies an alternative, then the play goes back to the status quo. In this game tree, the list of
payoffs of the alternatives which satisfy sub-game perfect equilibrium cannot be Pareto

inferior with respect to the status quo from the definition.

In the application of'this extensive form game, we can construct the game in which we can
simulate a multi-stage decision process by recurrent use of the basic game tree. Also, the

game can be extended to n-person game.

1.2. “Mechanism design” and proposed framework

The methodology employed this chapter can be explained in the framework of
“mechanism design” or “implementation theory” (Hurwicz 1960), (Maskin, 1999), in
particular “multi-stage mechanism” introduced by J. Moor and R. Repullo (Moor and
Repullo 1988), (Moor 1992). In this framework, A denotes a “set of outcomes”, H
denotes the direct product of H,, the set of payoff function of player i. If H is given as the
“set of profile” of payoff functions of players, the correspondence F : H —>— A is called
“choice correspondence”. In this chapter, the generalized differential principle, or
“everybody’s advantage” is employed as the correspondence. S denotes the direct
product of the set of strategy of all players S;. If we employ sub-game perfect equilibrium

as “Solution concept”, SPE,(h) denotes the set of strategy profiles which are sub-game
perfect equilibrium. Then, the correspondence SPE,: H —>— § is called sub-game

equilibrium correspondence. Lastly, the function g:S — 4 is called “mechanism”
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which is defined as a game tree in this model. Specifically, the mechanism in this model
employs “unanimous decision making” and treats the status quo as “disagreement point”.
The feasibility study implemented in this chapter can be understood as “implementation”

problem whether the strategies of “equilibrium outcomes” SPE| (h) (that is, solutions of

the game) can satisfy Rawls’s generalized differential principle. Formally this problem is

described as; whether (or not) g(SPE, (h)) < F'(h). Following which, we try to identify

the set of profile H which can satisfy the above condition. In the proposed model, it means
finding out the set of strategies which can be “agreeable” by all players. This model can

graphically be described as Figure 1.

-

SPE,

F A
F(h)

I &(SPE4(h))

S g
SPE(h)

Figure 1

In the above analysis, the mechanism is not designed so that all equilibrium outcomes can
satisfy the choice correspondence, and analysis which is different from the standard
implementation theory. In the scheme in which the status quo is treated as a disagreement
point, the mechanism is only required to give opportunities that at least one equilibrium
outcome can satisfy the choice correspondence. If a player cannot reach a decision, then
they just keep status quo and nothing happens. In this case, we should focus on the
conditions or restrictions to enable the subset of equilibrium outcomes meet a choice

correspondence.
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2. APPLICATION: Analysis of Effects of “White Collar” Exemption System on
Working Hours

A “white-collar” exemption system is the system that exempts workers who are regarded
as “white-collar” from overtime payments protection. This system has been employed in
the U.S. since late 1900s. Recently, adoption of this system becomes a controversial issue
in Japan. Employers groups which intend to introduce this system insist that “in line with
a performance-based payment system, creating a “white collar” exemption for certain
employees would facilitate a shift towards compensating employees for the actual work
that they do, not for the number of hours they spend at the work place” (The American
Chamber of Commerce in Japan, 2007). However, workers groups who oppose the
proposal insist that the system increases incidences of “karoshi”, a sudden death caused
by excessive overtime working, because the system gives workers an incentive to work
longer in order to get better wages (Fujino and Matsuda, 2007). Also, it is said that a
“white collar” exemption needs specific labour conditions to work such as
well-functioning external labour markets and dissemination of performance-based
payment scheme, which are rarely seen in Japan (Ishige, 2005). On this point, employers
groups argue that the system would motivate “white-collar” workers to work more
efficiently and productively. Unfortunately, there is no formal analysis of the effect of the
“white collar” exemption system on working hours and workers’ productivity. This

present chapter aims to fulfil this gap.

In order to analyse an incentive system which can motivate workers to conduct more
efficient work, the principal-agent model has been widely used. The principal-agent
theory was first presented by Alchian and Demsetz in 1972. The economics of the

principal-agent relationship were further developed, among others, by Sharvell,
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Holmstrom, Grossman and Hart in early 1980s. In the traditional principal-agent model,
however, only two individual can be analyzed. Also, the model assumes that the principal
can propose only one specific type of payment schemes and cannot choose the best type
of payment schemes with the consideration of agent’s decision, although an agent can

choose its effort to maximize its payoffs.

The present chapter employs the game in extensive form as a model in order to
overcome above deficiencies. The concept of subgame perfect equilibrium (SPE) (Selten,
1975) enables us to analyze conditions in which the strategy to adopt the “white collar”
exemption becomes the best response for both a principal and agents. Moreover, the
game in extensive form can analyze bargaining problems among more than two players
with due consideration of player’s rationality to maximize their payoffs. Applications of
the game theory to principal-agent bargaining are viewed such as an analysis of
Stackelberg equilibrium in oligopoly situation (Basu, 1995). Also, several recent studies
employed the extensive game model and utilized the concept of SPE for the analysis of
principal-agent bargaining including wage setting (Ruiz-Verdu, 2007, Tasnadi, 2005),
union form bargaining (Appelbaum, 2007).

The present chapter aims to find out effects of the “white collar” exemption system on
agent’s working hours under the strategy such that a principal selects “propose” and
agents select “accept”, which satisfies SPE of the game. In doing so, working hours of
agents under the exemption system can be obtained. Also, by the use of multi-agent
model, this chapter tries to expand the analysis of the effect of the “white collar”

exemption to unlimited number of agents.

Our main research questions can be described as follows:
1. Does adoption of the “white collar” exemption system contribute to extend working
hours?

2. Does arise in overtime premium contribute to extend working hours?
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This present chapter is organized as follows. Basic concepts of the employed model are
presented in Section 3. Section 4 covers a single-person model under the assumption that
productivities of workers are constant. In Section 5, all results of former sections are

evaluated.

3. MODEL

Mathematical definitions of the game in extensive form to analyze effects of the “white
collar” exemption system are as follows: the game in extensive form is a five-tuple model

(K, P, U, h, T), where K is the game tree, P = {p,a} is the set of all players, where p is the

principal, and a is an agent. U is the set of all information sets, and & = (h, h,) is the list of

payoft functions of players, where /4, is the payoff function of the principal, and 4, is the

payoff function of the agent. 7' = {— m,--,t,—2,—1,0 } is the set of retrospective timings
which specify stages of decision. The status quo of each stage is defined as unique
precondition of decision in each stage. Timing 0 identifies the stage in which the latest
decision takes place, and specifies the status quo as the unique precondition in the latest
stage. Then timing -1 identifies the decision stage which is one stage prior to the latest
one (if any) and specifies the status quo in that stage. The concept of 7 is retrospective,
and does not foresee a prospective situation. #,(s,) and 4, (s,) are payoffs of the
principal and the agent respectively under the strategy s,. Where, s,1is a precondition of
strategy under a specific timing of .

3.1. Assumptions to apply the game theory

In this present paper, we additionally assume the followings:

72



Chapter 4: Feasibility Study of Rawls’s Principles in Strategic Situations

Assumption 1: We do not consider any exogenous risk to the principal’s gross wealth for
simplicity. In other word, risk is zero. Therefore, the principal and the agent can
know their wealth based on the agent’s efforts precisely. Hence this chapter does not
consider an “expected value” of their wellness and does not have to employ “utility

functions” to evaluate the agent’s “risk averse” behaviour.

Assumption 2: We assume rationality of the principal and agents. The principal can select
to offer a payment scheme to agents or not. If the principal does not offer a payment,
no employment happens and the principal does not gain any outcome from agents.
Agents accept a payment offered only if a payment outweighs reservation utilities of
each agent. In case of rejection of an offer, agents have options to gain reservation
utilities from other source. Agents also select their effort to gain their maximum
payoffs, and the principal selects a payment scheme which can maximize the
principal’s payoff by comparing with the payoff under the current scheme. This
assumption enables us to utilize the concept of game theory including the concept of

equilibrium.

Assumption 3: We assume that status quo functions as a disagreement point. This
assumption combined with “everybody’s advantage” logically has the decision to be
unanimous decision, because even a single player’s disadvantage has a veto power
to a decision. Thus if and only if the principal and all agents selects the new “white
collar” exemption payment scheme, the new payment scheme would be accepted.
By this assumption, we can adopt the concept of sub-game perfect equilibrium (SPE)
as a solution. Otherwise, current work-hour payment scheme (the status quo) would
be kept. Unanimous decision making is efficient in the sense that it achieves Pareto

optimal outcomes under some realistic conditions. (Yasui and Inohara, 2007)

3.2. The Payoffs of Players
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The payoffs of the agent in each strategy are described formally as the following formulae:

h,(s4)=R,

h,(sy) = p.(0) —c(e) , and

h,(s,) = p,(0)—c(e),
where R is a reservation utility of the agent, o is an output function of the agent, e is an
effort of the agent, and P(0) is a payment scheme, and P.(0) denotes the current scheme,
P,(0) denotes the new scheme. c(e) is a disutility function of the agent. Where, s ,is the
precondition of strategies in the timing -/, which identify the decision stage of the
basement model in Section 4.1, and s, is the precondition of strategy in decision stage at
timing 0 for the proposed game tree in Section 4.2, and s, is the situation decided by the

proposed game tree.

In the same manner, a payoff of the principal in each strategy is prescribed as following
formulae:
h(s)=0,
h,(s,)=0-p.(0),and
h,(s,)=0-p,(0).

3.3. Payment Scheme

The payment scheme of the “white collar” exemption system P, and the scheme of
current work-hour system are denoted by:

P (0)=r+q(0), and

P (0)=b+k(e),
where 7 is the fixed salary of agents, g(o0) is the performance based salary of the agent, b

is the basement salary of agents and k(e) is the overtime payment of the agent.
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3.4. Assumptions to Analyze the “White collar” Exemption System

3.4.1. Output function of agents
Let o = f(e,0) be the output function of the agent. This type of output functions is used

in the traditional Linear-Exponential-Normal-Model (LEN model) (Spremann, 1987).

The output of the agent is expressed as:
o= f(e,0)=e+0.

Because of Assumption 1, risk 6 = 0. This output hypothesizes that agent’s productivity
is expressed by the productivity constant. In this model, the agent has each productivity

constant equal to /.

3.4.2. Overtime payment function
Overtime payment function is defined as:
k(e)=v(e—h),

where /4 is regular working hour (i.e. 40 hours per a week), and v is overtime payment per

an hour. Let g denote the overtime premium (g > 1). Then, v can be described as follows:
v=gb/h.

3.4.3. Performance based salary function

Performance based salary function is:
q(0) =do,

where d is the distribution constant (0 <d < 1).
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3.4.4. Agent’s disutility function

This paper employs the LEN model’s disutility function as follows:

cle)=e’.

4. ANALYSIS OF SINGLE-AGENT MODEL UNDER CONSTANT
PRODUCTIVITY

This section analyzes the model under the assumption that there is just one agent and it

keeps constant productivity.

4.1. Basement Model for Single Agent Model

In order to simplify the model and its analysis, we employ multi-stage approach. We
firstly define the basement model to analyze the basement process until the principal and
the agent select the current work-hour payment scheme. Then, we construct the model to
analyze the process until the principal and the agent selects the new payment scheme after
the basement process. In this model, the status quo is utilized as the disagreement point of
each decision node. Also, the status quo itselfis defined multi-staged, such that the status
quo in the first stage is unemployment, and the second stage’s is the employment in

hourly paid scheme.

4.1.1. Proposed Game Tree of Basement Model for Single Agent Model

The process that the principal and the agent select the current work-hour payment scheme
is modelled by the traditional principal-agent theory (Spremann, 1987). Such model can

be described as a game in extensive form as shown in Figure 1.

76



Chapter 4: Feasibility Study of Rawls’s Principles in Strategic Situations

Select detail of p(0)

Do not offer p(0)

@_,

Figure 1 Game tree of the basement model (timing -1) for single-agent model

In this game, the principal and the agent are players of the game. There are two type of
terminal nodes o, € {®w_,®,}. The game ends at ®,, if the principal offers the current
payment scheme p_(0), the agent accept the offer, and the agent and the principal engage
the contract under the current work-hour payment scheme. Otherwise, the game ends at
o_,, the agent is not employed by the principal, and the agent gains reservation utility.

Agent’s decision depends whether the payment offered outweighs reservation utility.

A list of strategies to reach a specific terminal node w € {® ,,,} is denoted by
S, €15,,8,} - In each terminal node, payoffs of all players H(s,)={h,(s,),h,(s,)} are

defined. Also, there are several information sets of players. The set of all information sets

in which player /s selects an action is denoted by U, = {u, } , where j={a, p} and kis an

index for the information sets. The set of all information sets in the game tree K is denoted

by U.
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According to the concept of subgame perfect equilibrium (SPE), if there exists the set of

strategy s, which reaches to ,, and if s, satisfies SPE, the selection of payment scheme

p.(0)is rational for both the principal and the agent.
4.1.2. Analysis of conditions for s to be SPE

Following the “backward induction” method, let us start from the agent’s determination

of its effort at u_, . Next, at the move of u_,, the agent decides “accept” or “reject” the

al?’
proposed new payment scheme. Then, at move of u,,, the principal determines details of
proposed payment scheme (value of b) in order to maximize the principal’s payoft 4, (s,) -
Lastly, at move of u ,, the principal chooses “propose” or “not propose” the new

payment scheme.
Through the above analysis, the following formulae are derived as the conditions for

s,to be SPE (See detailed analysis in Appendix A):

2
b*zh—z(&—l+g) ande0:£+———,
g 2h 4 h g

where b* is the basement salary of agent which maximize principal’s payofth,(s,) . ¢, is

the effort of agent which maximize its payoff under the current payment scheme.

According to this formula, working hours expand as overtime premium rises.

4.2 Proposed Game Tree and Set of Strategies for Single Agent Model

The following game model defined in this section is assumed to start from the terminal

node o, . This means that the agent has been hired under the current payment scheme

p.(0,) and b*, and the agent selects the effort ¢, as defined in Section 3.2. This

condition is the precondition (or the status quo) of the game defined in this section.
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The single-agent traditional principal-agent model can be described as games in

extensive form as shown in Figure 2.

Select detail of p,(0)

Reject Keep Selected e,

Offer new p,(0) w,

Keep Selected ey

Keep current detail of p.(0) w,

Figure 2. Game tree of single-agent model (timing 0)

In this game, the principal and the agent are players of the game. There are two type of

terminal nodes o = {w,,®,}. The game ends at ®, if both the agent and the principal
select a new payment scheme p, (o) such as the “white collar” exemption system.
Otherwise, the game ends at o, and the current work-hour payment scheme p,_(0)is
selected. A list of strategies to reach a specific terminal node o = {®,,®,} is denoted by
S, €15,,5,} - In each terminal node, payoffs of all players H(s,)={h,(s,),h,(s,)} are

defined. Also, there are several information sets of players. The set of all information sets

in which player /s selects an action is denoted by U, = {u, } , where j={a, p} and kis an
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index for the information sets. The set of all information sets in the game tree K is denoted

by U.
4.2.1 Analysis of conditions for s, to be SPE

Following the “backward induction” methodology, under the assumption that the agent’s

productivity is constant (o = f'(e,,0) = e, ), the relationships between working hours

under the “white collar” exemption system e, and those under the current work-hour

payment system ¢, can be described as follows (See Appendix B for detailed analysis):
e =e, +h/2(1-1/g),

where g >1, and ¢, > e, no matter what g is.

According to the above analysis, if the “white collar” exemption is introduced, working
hours under the system may be shorter than those under the work-hour payment system.

Also, fixed salary of new payment scheme 7 has to satisfy the following:

2 2 32
gt gt
> S _3(g-))(E-+(g-1)- d
r 107 2n (g ))(2h (g-D) an
R t
>—— —+1)-1)>.
r>- 2gz(g(% )-D
5. CONCLUSIONS

b (13

Through the analysis above, we conclude that the Rawls’s “generalized” differential
principle can be preserved in the model in which the status quo is kept unless all players
agreed the option offered unanimously, whose model employs “multi-stage” approach

and the concept of sub-game perfect equilibrium (SPE).

80



Chapter 4: Feasibility Study of Rawls’s Principles in Strategic Situations

In the above sections, we design the mechanism of the proposed decision model under
the assumption of unanimous decision in which all agents and the principal have to agree
to introduce the system. Following which, we examine the condition that the subset of
equilibrium outcome which satisfy “everybody advantage” principle can exist. Though
the analysis of the condition, we examine the effects on working hours by adopting the

“white collar” exemption system.

6.1 Effect on working hours

In Section 3 and 4, we assumed that a worker’s productivity is constant and does not
change. This is an optimistic assumption such that a worker always works hard as much

as possible under any payment scheme.

Under constant productivity assumption, analysis in Section 4.2.1 reveals that working
hours under the “white collar” exemption system is shorter than those under current
work-hour payment scheme. This result shows that the adoption of new payment scheme

has potential to contribute to reduce working hours.

6.2 Effects of overtime premium on working hours

Elements which influence working hours under the work-hour payment scheme are
examined in Section 4.1.2. The analysis reveals that the working hours contribute to
expand as the over time premium rises. Also, the higher productivity contributes to

expand them.

6.4 Defence of assumptions

Let me defend the assumption of the unanimous decision making. As for the decision
making in industrial relations, the principal can negotiate a payment scheme with each

agent. In this case, worker’s bargaining power is inferior to the principal. Therefore, the
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workers group usually requires a collective agreement with the principal when the
modification of major working conditions, such as the adoption of new payment scheme,
is proposed. Actually, the draft amendment of Japanese labour standard law requires
collective agreement to introduce the “white collar” exemption system. Therefore, the

assumption of unanimous decision is reasonable enough to be employed in the models.

The other main assumption we employed in the models is the individual decision of
the principal and the agents is done in order, not simultaneously (multi-stage approach).
As stated in Section 3.2, each agent’s payoffis independent from other agent’s payoff, and
decision is made unanimously. Therefore, the game in extensive form which is composed
of a sequence of single-agent games is appropriate. Also, in reflection of the actual
decision making, in formal discussion i.e. a general assembly in an international
organization, participants’ pros and cons on an agenda are normally expressed in turn.
Likewise, discussion of workers group normally employs this procedure. The game in

extensive form is an analogy of this decision making process.

The simultaneous decision making such as vote may reach different result from the one
in this consecutive decision making process. However, under the assumption of
unanimous decision, the difference is not so serious. Because if all players know each
player has the veto power, a player expresses his/her rejection to the proposal whatever
decision process is a simultaneous vote or a consecutive process. Therefore, the model in
the use of the game in extensive form is reliable enough to analyze the effects of the new

payment scheme on working environment.

6.4 Further research needs

This thesis is assumed productivity of each agent is uniform. In actual situation, however,

a worker is highly productive and the other maybe not. For the principal, such
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productivity is hardly observed a priori. The principal may want to select payment
schemes in accordance with each worker’s productivity, i.e. the principal may want
propose the white collar exemption system to low productive workers, and hourly-paid
system to high productive workers. Such the principal’s intention can be realized under
the condition of unanimous decision? To address these issues, we need to employ
“mechanism design” or “implementation theory”, in particular the “multi-stage

mechanism” proposed by Moor and Repullo (Moore and Repullo 1988) .

Also, as stated in Assumption 1 of Section 3.1, we assumed that any exogenous risk to
the principal’s gross wealth is zero. In this assumption, agents can estimate perfectly sure
not only their output but also their payment based on their output. Normally, output is
influenced by exogenous factors, and agent’s effort dose not necessary provide positive
outcome to the principal. Because of agents’ risk aversion nature, Assumption 1 is
assumed to have positive bias for agents to select the new payment scheme than the
work-hour payment scheme. This bias is not examined in this present paper, and it

highlights the needs of further research.

In addition, we should take into account the effect of “team working,” which is
common in Japanese working environment on working hours and productivity. In the
“team working,” it is difficult to clarify each team member’s contribution to outcome, and
it is likely that some members “free ride” the other member’s contribution. Such
phenomenon decreases incentives of workers. Moreover, the “team working” restricts
each member’s decision of working hours to maximize an outcome of the team. These

factors give negative effects to adopt the performance based payment scheme.

Furthermore, functioning external labour market is also a factor to be examined.

Ill-functioned labour market decreases reservation utilities of workers and their
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bargaining power. Numerical simulation is suggested to analyze this effect on working

hours.
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APPENDIX A: Detailed Analysis for Section 4.1.2

A.1. Determination of the Agent’s effort

Following the “backward induction” methodology, let us start from the agent’s

determination of'its effort at u_, . In this move, the agent chooses its effort to maximise its

payoft 4, (s,). Such e, satisfies the following:

ahge(:()) _ 8(b+gb/h(§;0—h)—(eo)2) ~0 and e, > .
Then,

If h<gh/2h, e,=gb/2h,then _ h (s,)=g’h’/2h’ —gb+b,and

If h>gh/2h,e,=h,then _ h (s,)=b—g’h’/4h’.
In this case, we can assume i < gb/2h ,because if h > gb/2h, then the maximum payoff

of the agent can be given at ¢, < 4. This means that the full-time employment is

disadvantageous for an agent, and it is unlikely make a contract with the principal under

this condition. Therefore, we assume 4 < gb/2h in the latter part of the analysis.

A.2. Selection of “accept” or “reject” the Proposed New Payment Scheme

Next, at the move of u,,, the agent decides “accept” or “reject” the proposed new

payment scheme. The agent chooses larger payoffs in this move. Therefore, the following

formula is one of the necessary conditions under which the strategy s, is an SPE of the
game:

max ha (SO) 2 ha (S—l) .
Then,
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g’b*/2h* —gb+b>R,.

A.3 Determination of the Proposed Work-hour Payment Scheme

Then, at move of u ,, the principal determines details of proposed payment scheme

p2s
(value of v) in order to maximize the principal’s payoff 4,(s,) under the condition that
the agent accepts the proposed new payment scheme (e, = gb/2h). Then,

max 1, (80) =€, — (b +v(e, —h)) = ~g’b* /2h* +b(gt/2h—1+g).
The value of d which maximize w)’ satisfies following:

Oh,(sy) _ O(=g’b* /2h* +b(gt/2h—1+g) _
b ob

Then, b" =h*>/g*(gt/2h—1+g) and e, =t,/4+2/h—hlg.

0.

A .4 Selection of “propose” or “not propose” the New Payment Scheme

Lastly, the principal chooses “propose” or “not propose” the new payment scheme.

Therefore, . A, (s,)> (s_,) is one of the necessary conditions under which the

max hp
strategy s, is an SPE of the game. Then,

(s,)=h>/2g"(gt/2h—1+g)* > 0= B, (s))-

maxhp

Thus, the principal selects “propose” no matter what overtime premium and worker’s

productivity.
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APPENDIX B: Detailed Analysis for Section 4.2.1

B.1 Determination of the Agent’s effort

Following the “backward induction” methodology, let us start from the agent’s

determination of its effort at u_, . In this move, the agent chose its effort to maximise its
payoff i, (s,). Thus, e, satisfies the following:

Oh,(s,) _ O(r +dte, — e’)
Oe, Oe,

=0.

then, e, =td /2 and _ h,(s,)=r+t’d* /4.
According to the analysis of the basement model, agent’s payoff #_(s,) satisfies the
following:
e, =gh/2h, _ h(s,)=g’b>/2h> —gb+b,where h< gh/2h,and
b =h*/g’(gt/2h-1+g).
Then, e, = gb /2h=1t/4+h/2(1-1/g) .Therefore,

b (5,) = 4’;2 & -3 -+ (gD,

B.2. Selection of “accept” or “reject” the Proposed New Payment Scheme

Next, at the move of u,,, the agent decides “accept” or “reject” the proposed new

payment scheme. The agent chooses larger payoffs in this move. Therefore, the following

formula is one of the necessary conditions under which the strategy s, is an SPE of the
game:

s Pla (8,0 s Py (80) -
Then,
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r>h/4g>(gt/2h-3(g —1)(gt/2h+(g —1)—>d> /4.

B.3. Determination of the Proposed New Payment Scheme

Then, at the move of u ,, the principal determines details of proposed payment scheme
(value of r and d) in order to maximize the principal’s payoff4, (s,) under the condition
that the agent accepts the proposed new payment scheme (e, =¢d /2 ). Then,
2 72 2
h,(s,)=te,—(r—dte,)=—t"d”/2+t°d/2—-r.

The value of d which maximize w) satisfies following:

oh,(s,) _OCrd*/2+0d/2-r)
od od

Then, d” =1/2 and e, =t/4.Thus,
w1, (8,)=—12d? 1 2+0°d" [ 2—r=1"/8—r.

According to the analysis in Section 2.2.1, ¢, =¢/4+h/2(1-1/g). Then,

e =e, +h/2(1-1/g).

B.4. Selection of “propose” or “not propose” the New Payment Scheme

Lastly, at the move of u,, the principal chooses “propose” or “not propose” the new

payment scheme. Therefore (8,)> 1, (5) 18 one of the necessary conditions

> max hp
under which the strategy s is an SPE of the game. Then,
max hp (s)) =te, —(b+gb/ h(e, —h))
=h’/2g"(gt/2h—-1+g)°.

More, . 7,(s,)> (s,) is equivalent to the following:

maxhp

&9
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t*/8—r>h*/2g°(gt/2h—1+g) or r>t>/8—h>/2g°(g(t/2h+1)-1)*.

Therefore, fixed payment » has upper limit, and such limit will rise as overtime premium g

increases.
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Summary

This chapter summarizes the results of the previous chapters. From the over all analysis
in previous chapters, the decision-framework which prioritizes the status quo is able to
be coherent with traditional decision making methodologies if they are partially
modified. The proposed alternative is advantageously able to satisfy the Rawls’s
principles of justice, in particular the “generalized” differential principle. The results,
however, reveal further research needs which include a development of real-time
modeling so that the advantage of the proposed alternative can be fully demonstrated.
Besides, the results show that the sequence of decisions is also an important factor to be
analyzed, because the status quo or a precondition of the first decision can affect the
latter decision in a chain reacted manner. For the analysis of the sequence, the further
research of setting a boundary of the scope of a decision, or “protected sphere”, is

required.

1. Research question and the proposal

This thesis is purposed for seeking a socially justifiable decision-making process by
taking into account the non-utility information. This object is motivated by our
discomfort from the fact that consequences of the Arrow’s impossible theory and the
traditional utilitarian welfarism cannot guarantee everybody’s advantage in decision-

making.

As the solution of the above issue, this thesis proposes the methodology in which the
status quo is prioritized, based on the simple question; although the most of decision-
making has a status quo as a precondition, why “welfarism” including Arrow’s
framework and the game theory ignore neither the concept nor the effect of status quo.
In the traditional decision theory i.e. the game theory in normal form, an equilibrium
point is identified at once, without any recognition of time sequence. The Arrow’s social
welfare function is also expected to define the solution with no consideration of
preconditions of decisions. We, however, know that almost all decision makings are
processed in relation to, and affected by, the pre-conditions when a decision takes place,

or, status quo.
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Based on the above instinctual acknowledgement, we propose putting decision rules
such as “prioritizing the status quo” into the traditional decision frameworks. As a
benchmark to evaluate the improvements of our proposal, we employ the “Rawls’s
principles of justice”, in particular the “generalized” differential principle, by which we
could evaluate the deficiency of information limitation of welfarism. In this thesis, we
rather focused on the Rawls’s second principle of justice, because it refers to

advantageous decisions for all. (Rawls 1971)

The previous chapters examine the proposal applied in different situations and
methodologies, and recognize advantages of the proposal compared with the traditional
methodologies. In particular, Chapter 2 examines the application to the Arrow’s
framework and its social welfare functions. Chapter 2 reveals that the utilization of non-
utility information, such as the concept of the status quo, makes it possible to
aggregating competing interests in social welfare functions. Chapter 3 focuses the
traditional cost benefit analysis to address the issue that limiting the non-utility
information may render distribution of “social goods” unfair. Chapter 4 tested whether

utilization of non-utility information is feasible in “strategic” actions of players.

2. Summary of the results of previous chapters

Chapter 2 takes care of “Arrow’s general possibility theorem” which has revealed
that basic democratic conditions such as “unrestricted domain” (U: each individuals has
un-restricted alternatives.), “independence from irrelevant alternative” (I) and “Pareto
optimality” (P) cannot satisfy the condition of “non-dictatorship” (D). Arrow’s theorem
also affirms impossibility of implementation of multi-criteria decision, which
contradicts our instinct and results of some psychological studies (Miller 1956). This
chapter examines the proposal which integrates a concept of prioritizes “status quo” and
“common shared value” into the traditional Arrow’s framework. The analysis revealed
that if the proposed framework is applied to the model, the non-cyclic social orderings
could be output in accordance with conditions U, P and D. Although the relaxation of
the condition I is inescapable, the use of such restricted non-utility function enables to

identify the social ordering which can satisfy Rawls’s second principles of justice.

93



Chapter 5: Conclusion

Chapter 3 focuses on issues of unfair distribution of “social goods” in the use of the
traditional cost benefit analysis (CBA) methodology based on Bentham’s utilitarianism.
In Chapter 3, we propose an alternative CBA methodology which incorporates the
concept of the status quo into the traditional CBA and whose guiding concept is the
“optimization” of outcomes for the stakeholders. Chapter 3 further proposes evaluation
criteria for CBA and thereby provokes advantages of the proposed alternative. The
major findings of this chapter reveals that the alternative can guarantee an advantageous
condition compared to the status quo for every stakeholders, the second principle of
justice, as well as the alternative can satisfy Pareto optimality, which is the benchmark

of a social efficiency.

Chapter 4 tested whether the proposed concept which incorporates the concept of
status quo can fit to “strategic” actions of players. This chapter introduces the game
model in extensive form for the analysis of a unanimous decision in which the status
quo is set as the disagreement points; and then finds out the list of payoffs in sub-game
perfect equilibrium (SPE). This chapter also introduces the step by step approach, in
which the alternatives of players are identified as the list of payoffs in SPE at the first
step; and then the identified alternatives are used as the status quo of the next step. The
analysis of this chapter confirms the coherency of the proposed framework with

principles of social justice in a unanimous decision making in strategic situation.

3. Implication of the generalized differential principles to actual policy making

3.1. Is the principle utopianism?

Rawls’s generalized principle guaranties “everybody’s advantage” to all stakeholders.
There is, however, a possibility that there is no solution which can satisfy the principle.
Chapter 3 deals this issue in the application of regulational decision-making model.
According to the analysis, possible solutions exist, if payoff functions of players are
realistically defined with reflecting actual situation. Even if such solution does not exist
in some situations, the analysis of “subsidy model” reveals that transferring payoffs in

the use of taxation and subsidy can settle the set of possible solutions which satisfy the
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principle.

“Transferring payoffs” may imply “zero-sum game” situation, but actually it does
not. The additional payoffs though the subsidy can be provided from “general account”
from taxation sources outside of the said game, thus every stakeholder in the game can
have benefit from subsidy. We, therefore, can conclude that the principle of

“everybody’s advantage” is not utopianism.

3.2. Comparison with Utilitarianism and Maxi-min

The decision making with “utilitarianism” and “maxi-min” needs inter-personally
comparable cardinal utility. As stated in Chapter 1, this precondition does not apply in
Arrows framework and strategic situation, although the decision based on the principle
of “everybody’s advantage” is possible to be applied in those situations. This is a unique

advantage of the principle in comparison with “utilitarianism” and “maxi-min”.

Then, if cardinal utility is available, which is better? For example, in the policy
making of the international society, “consensus-based decision”, which is virtually a
unanimous decision making, is widely employed on the basis of the principle such that
each country has one vote. In the international society, we can see a lot of examples of
stuck decisions, including the climate change agreement, a global trade agreement in the
WTO, an introduction of CO2 taxation, although those decisions are expected to
provide “maximum utility” for the society as a whole, and should be accepted from the

view point of utilitarianism.

Ironically, although a global trade agreement in the WTO does not proceed;
bilateral economic packaged agreements (EPA) are widely established between many
countries. From the fact that EPA can provide “win-win” relationship, the principle of
“everybody’s advantage” seems to be more practical than utilitarianism. The decision
with “maxi-min” is also estimated to be unsustainable if the decision cannot provide

merits to all.
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4. Conclusion and needs for further studies

From the overall analysis above, we can conclude that the decision frameworks in
which the status quo is prioritized are able to coherent with the traditional decision
making frameworks with small modifications. We can also conclude that the proposed
alternative is advantageously able to satisfy the Rawls’s generalized differential

principle.

The results of the thesis emphasize the importance of a formation of “retrospective
time sequence” modeling, although most of models employed in traditional decision-
making frameworks are “static” modeling. Having revealed that the status quo has an
influence to the decision, the timing of decision making should be an important factor of
analysis of decision makings. The traditional decision, however, do not involve
information of the status quo as a parameter. Since factors which determine the “status
quo” are numerous and difficult to be identified in most realistic cases, the status quo
should be determined independently as a precondition of a decision. Thereby, the
involvement of timing of a decision as a parameter is the best way to identify a specific
status quo. The level of environmental regulation, for instance, has largely affected by
technical capacities for detecting, controlling, reducing harmful substances, which are

largely depending on the level of technologies that is available at a time of a decision.

Besides, a sequence of decisions is also an important factor to be analyzed. This
thesis reveals that preconditions of decision-makings can affect the results of decision
frameworks in which the status quo is prioritized. Thereby, if a decision-making has a
sequence, a chain reaction of the influence of the first preposition could reach a latest
decision. This fact underlines the necessity of “multi-stage” modeling which can

consider the effect of chain reactions of the questioned decision.

For involving time sequence in the model, another question arises how we can set a
boundary of our scope of a decision, or “protected sphere” of interests affected by a
decision. Unless that, the sequence of the decision becomes limitless and have a
decision be impossible. This question was well pronounced by Sen in his “liberal
paradox” theory (Sen 1982). The further study is necessary to indentify how to use non-

utility information to determine the scope of social interests to be accomplished by a
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decision.
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