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Emotion, personality and decision-making

Relying on the observables

Gilles Coppin®

* Telecom Bretagne
CS83818, 29238 Brest Cedex 3

gilles.coppin@telecom-bretagne.eu

ABSTRACTT his paper proposes a way to address the quantitative desmmi of decision strate-
gies for expert decision-makers in order to take into actdhe effects of personality, emotion
or mood on decision-making. Most of common taxonomies mspdgular models to decribe
user profiles and behaviors seem to be difficult to apply iniecab cases. Instead we pro-
pose to rely on computational models inspired by cognitsychology. These models and the
related methodology allow to extract meaningful data siueess from the behaviors of decision-
makers. This data can be used to propose robust definitiodeai$ion-styles. We then discuss
the impact of this refined modeling on decision-supportesggtinctionalities.

RESUME.Cet article présente une approche permettant de décrireffess de facteurs person-
nels tels que émotion ou personnalité sur les processusdasial® La plus grande partie des
taxonomies utilisées dans les approches traditionnelledanaine semblent en effet difficiles a
appliguer en pratique du fait qu’elles ne prennent pas enptertes comportements observables
des décideurs. Nous proposons précisément d’appuyer lélisation et la compréhension des
décideurs sur la mise en évidence de structures réguli@eshportements, qui permettent de
définir de fagon plus robuste la notion de style de décision.

KEYwoORDSDecision models, emotion, personality, cognitive modelli
MoTs-CLES Décision, émotion, personnalité, modeles cognitifs




1. Introduction

This paper is devoted to the modeling and analysigdividual differencesn
decision-making. These differences usually include soesufes related to the
personality of the decision maker and others featureseeltd his/her emotional
states. It seems that these two kinds of features have ydesgh studied separately,
so that it remains difficult to understand or predict whatlddae the real effect of
combining a given personality profile with a transient emioal state. This paper
strives to develop a unified representation for the categasf decisional behaviors
using a cognitive model of decision making. Moreover, wevshow such a unified
representation could lead to a new definitiordetision stylesDecision styles are of
the outmost importance for the design of decision-aid syste

The paper is structured as follows: first, we present a brefey of personal-
ity and emotion theories as related to decision-makingmfthe psychological,
cognitive and computational perspectives. Second, weeptes set of models of
decision-making that seem to have been often ignored byiquewstudies and that
we find useful to describe individual decision-making bebtis/and strategies. We
especially try to identify which parts of these models cappgut the expression
of individual differences. Lastly, we present the elemerfta methodology that is
adapted to our approach and some preliminary results. Veéd\bdiscuss potential
applications of these modeling approaches to decisiosyatems.

2. Individual differences and decision : a brief state-of-he-art
2.1. Taxonomic and process oriented approaches

It is quite difficult to present a complete state-of-theeartpersonality, emotions,
moods and cognition when considering the huge amount o&relsen these topics
that has been done for decades (such attempts were howeeimdRevelle, 1995)
or in (Schwarz, 2000)). The recent works of Damasio on sanmatirkers theory
(Damasio, 1994) motivated new and broader dynamics in theado by making
obvious that neuro-psychology and neuro-imaging would @e&ld crucial perspec-
tives on the subject (see also (Montague, 2006)). Therefershall try to limit our
introductory survey to studies that are directly connedttedecision-making; even
with this precaution, we do not claim to be exhaustive in gespntation.

Most of the theories and models that were proposed up to novbeaeparated into
two kinds of approaches:

— A first type of approach consists of mapping classes of usHilgs to classes
of decision behaviors. The user profiles are either in terhpesonality or emotion
but do not combine both. The second set of classes correspopdssible decision-
making styles. The construction of the mapping of individorfiles to decision
styles is commonly based upon statistical inferences.



— A second type of approach focuses on the description ofriheiples that un-
derly emotion and moods, and on the modeling of their impactssibly in terms of
competition or collaboration - on usual cognitive funcB@uch as reasoning, memory
or decision-making.

We examin briefly these two types of approach in the follovpagagraphs.

2.2. Taxonomies

2.2.1. Personalities taxonomies

As mentioned by (Revelle, 1995), defining taxonomies has laeeecurrent tra-
dition in personality theories since Plato. The most fammrgemporary taxonomy
was defined by Jung and instrumentalized by Meyers-Briggdy€, 1977). Accord-
ing to the Meyers-Briggs indicators, one personality magdscribed by four bipolar
dimensions:

— sensing vs. intuition (SN),

— thinking vs. feeling (TF),

— extraversion vs. introversion (El) and
— judgment vs. perception (JP)

Together these four dimensions describe the generaldstatithe individual towards
his/her environment, self, and logics. Almost as famous,Bly Five (McCraeet
al., 1996) and thé&even Bigger Thre€Eysenck, 1991) models (respectively, B5 and
EB3) propose to classify individuals according to five orethdimensions amongst
Extraversion, Agreeableness, Conscientiousness, Neismotand Openness. Let us
only indicate here that these dimensions seem to broaddadhs on social features
(Openness, Agreeableness), but that the main cognitiverdians of personality
description (Extraversion, Neuroticism) remain almosthanged. For an in-depth
discussion, one can refer to (Revelle, 1995).

Still according to (Revelle, 1995), an important point isattithe number and
the definition of attributes as well as the dimensions inedhn the definition of

classes have not been fixed yet, and still can be consideleuader discussion. In
fact, many studies still focus on re-expressing theseairtéixonomies and on finding
an ever more adequate way of combining their related dimasgiGray, 1994).

2.2.2. Emotion / mood taxonomies

Emotions and moods have also been expressed through masmotaies (see
(Schwarz, 2000) and (Frijda, 1994) for in-depth surveysihe @f the most famous
systems was proposed by Clore (Clore, 1994), who distihgdidetween emotions
focused on self and focused on others, and between postiglenagative (i.e.
valence-oriented) emotions. Distinctions between emstiand moods may be
related to the time duration of the phenomena, but also tatake into account the



notion of intentionality (Frijda, 1994).

More recently, it was proposed (Lernet al, 2000) to go beyond the concept
of positive or negative valence for emotions and define thereims of cognitive
appraisals (ATF, Appraisal Technique Framework (Lereeral, 2006)) instead.
Stating that emotions that are gathered in the same cafegonjd lead to very
different behaviors, Lerner proposed that emotions shbal@éxpressed in terms of
classes that reflect the cognitive evaluation of situatpardeived level of control of
situation, perceived level of uncertainty).

2.2.3. Decision styles

There are fewchoixes for the different classes of decisibehaviors and styles.
Two models seem to be emerging: the General Decision Makiylg 8&DMS) and
the Decision Style Theory.

The GDMS framework (Scotet al, 1995) proposes to define a decision style
as one of five categoriesationale, intuitive, dependent, avoidaot spontaneous
Some of these categories are based upon the way the decisiker processes
information. For instanceationale decision-makers are characterized by a "com-
prehensive search for information, inventory of altewesiand logical evaluation
of alternatives”, whileintuitive ones "by attention to details and [...] relying on
premonition and feeling" (Scoét al,, 1995). GDMS categories also take into account
the relationship to others during decision-makidggendentiecision makers search
for advice) or the global attitude of the decision-makeraoie the decision process
itself (avoidantdecision makers try to avoid making decisiogpontaneou®nes
want the decision process to converge rapidly).

In a different way, Rowe and Boulgarides propose a DecisityleSTheory
(DST) (Roweet al,, 1992) that distinguishes four categories that are basetthen
ways we perceive the stimuli and the ways we choose to resgambrding to DST,
decision-makers may banalytical, directive, conceptuadr behavioral Directive
decision-makers have a strong need for structure and ameted towards tasks to be
done more than towards peopknalyticaldecision-makers are also oriented towards
tasks and technical aspects but can tolerate ambiguityy €h&luate the situation
with abstract thinkingBehavioralstyle corresponds to focusing on people and social
aspects.Conceptuablecision-makers can tolerate ambiguity and are also facose
people.

2.2.4. Mapping personality and emotion onto decision-styles: st results

A next step usually consists of statistically analyzing aridrring the correlations
between personality or emotions profiles and decision styli is unfortunately
extremely difficult if not impossible to draw robust condlurss from most experi-

1. Fear and anger in a negative valence category for instance



mental and statistical results provided by past experissete (Thunholm, 2004) for
instance). We see at least two reasons for this common finder

First, definitions and classes provided by the decisiolestgheories seem to
be very vague. Most of the analyses only refer to an ambigqoaktative dichotomy
betweenheuristic and analytical decision-styles  Although many experiments
attempt to prove a correlation between negative emotiodsnaods and analytical
decision-makers (while positive traits are tied to heigidécisions (Schwarz, 2000)),
they do not take the context or a concrete and measurablezibeha@f decision-
makers into account.

Another important concern is also related to the definitidnaodecision style:
decision styleseem often to be indistinguishable frarognitive styleswhich are
themselves very close to psychological profiles used fagelity definition. Thus,
it seems to us, for instance, that the GDMS categories ra@gomnd intuitive are very
close to the thinking and intuition features of the initeonomy proposed by Juhg
According to (Leonarcet al, 2005), the four DST styles are re-expressions of the
respective associations of dimensions proposed by thedvBeggs indicator. When
aspects of input categories overlap output categories, thiérefore understandable
that an inferential statistical approachto data nalysasideto confusing and contra-
dictory results. We reach some kind of tautological assmciavhere the features
characterizing a decision style could already be part optrsonality profile of the
decision maker, and not result from it.

A last but major concern is that these approaches do not aiothink about

cumulating or combining effects of personality and emdtion the decision maker’s
behaviours. Taxonomy-based studies happen to focus oonaity, emotion or

mood separately while it would be necessary to take into wticthe whole set
of influencing factors to answer a question such as: "wouéddécision style of
an extravert, but angry and stressed, decision-maker retmairistic or shift to

analytical?".

2.3. Cognitive processes, emotions and decision

Another way of dealing with emotions and moods effects orisitat consists
in relying on cognitive processenodels This kind of approaches was especially
used when taking into account the emotion in individualedighces. Often referring
to Damasio’s work (Damasio, 1994), but as well to LeDoux (bak, 1996) or
Sloman (Sloman, 2002), a lot of studies have proposed toridesemotion as a

2. Lerner uses almost the same bipartition definedlbgp thoughtagainstshallow thought

(Lerneret al., 2006).
3. Scott and Bruce admit themselves that these dimensiongdshe generally mixed in order

to describe the real decision process.



specific process that could be complementary of the usuanedtone. Forgas’s
Affect Infusion Model (Forgas, 2000) proposes for instateelistinguish different
strategies for information processirgjrect access, motivated, heuristic, substantive
and to identify when and where affect could impact them. Adtw to this model,
only the mostognitiveprocessing strategies amongst the four may be influenced by
emotion:direct accesandmotivatedstrategies barely involve conscious and complex
retrieval in memory or processing of information, and ttere should not be influ-
enced by affective markers related to the situations, wheleristicand substantive
strategies could be. But the main concern with these appesaemains the same:
the quantification of effects still relies on imprecise tersuch as heuristic or ana-
lytical* and does not provide an easy way to analyze real decisioa aagébehaviors.

At last, different approaches directly address computationodels, and pro-
pose to embed some parameters that could represent ematidnsioods within
the decision process into simulations or even in autononagests, like in EMA
(Emotion and Adaptation) (Grato#t al., 2006) for instance. In (Gmytrasiewiezt
al., 2000), one can also find a model of decision processes fartadgpased upon
utility theory and its parameterization from emotions andoas. An interesting
approach is also proposed by (Hudlickzal,, 2004) with the MAMID methodology
where individual differences, including personality, ¢imos and moods, directly
impacts quantitative parameters of cognitive processels as memory, attention, or
reasoning.

2.4. Finding new inspiration in psychology of decision

Let us summarize the problems we relate to existing metHeds, the definition
of decision styles are too imprecise to support statistifarence and do not allow
any cumulative effect analysis. The definition of decisityles is also mostly quali-
tative and too close from psychological profiles to allow thatching with empirical
observations. Second, when using an approach based upcespes, most models
use a similar vague description of classes of decision bebes: When quantitative,
models of decision rely on utility models that are known todifficult to validate
experimentally and are far from cognitive psychology tlesr

We however aim at a decision models that integrate all iddizi differences and
all specific features of a decision maker. Further, only tbisdition can enable us to
design personalized and customized decision supportsgteat takes into account
at the same time personality and emotions of the decisioem&ome models issued
from the psychology of decision allow to better fulfil thesguirements. We present
them in the following paragraphs.

4. Forgas mentions the "most cognitive" processes to be nmfiteenced by emotion, for in-
stance, but how could we definereostand aleastcognitive process?



3. Cognitive models for individual decision-making
3.1. Work hypotheses

Cognitive approaches of decision making mostly rely on tesumption that
decision-making may be defined precisely with informatioacessing techniques.
Decision-making involves two main kinds of tasks: choicd ardgment. In a choice
task, the alternatives are compared, the ones to the othexgudgmental task a la-
bel has to be attached on each alternative. Another impdeature is related to the
level of expertise of the decision maker, as it may have sarfieeince on the cog-
nitive processes invoked during the decision processesméke the hypothesis in
this paper that our decision-makers are experts. A mairachexistic of expertise in
decision is the low amount of the information processed tfope a decision (while
a novice uses an overcrowded amount of information, an éxperuses what is just
enough but relevant (Shanteau, 1988)). Obviously such agshenon is balanced by
the high quality and the appropriateness of the used infooma/Ne will focus in the
following on expert decision makers, especially becausentition of decision-style
should be more easily related to some stable, experienckthaasurable decisional
behaviors. We also assume a multi-attribute framework soridge alternatives

3.2. Cognitive models and dominance structures

Three main kinds of cognitive models for decision-makingehbeen proposed.
A first one asserts that decision-making may be describeldeashiaining and use of
elementary strategies that are applied on alternativesaatdributes (Montgomergt
al., 1976). A second one describes decision-making as proliking (Huber, 1986).
A third one proposes to model decision-making as a searatidiminance structures
(SDS) (Montgomery, 1983). We shall rely in the following oocanputational version
of SDS, the Moving basis Heuristics (MBH), which was prombbg J.P.Barthélemy
and E.Mullet in 1986 (Barthélenst al., 1986). We chose to rely on the MBH as it al-
lows exhibiting some references combinations of attribated values (called aspects)
quite easily and from simple observations of the decisiaken

3.3. Individual differences and dominance structures

Let us suppose that a judgmental decision task attached &xa@rt consists
in selecting or rejecting alternatives that can be desdrddeng 10 attributeg; ...
a1o. For sake of simplicity, let us imagine as well that eachilaite has 5 possible
ordered value$ to 5. Writing a] the attribution of value j to attribute i, an alternative
- dedicated to be either selected or rejected - can then lmibled by a vector of
aspects such a$ = [a?, a3, ..., a3,] for instance, meaning simply thadthas a value
3 for its attributea, 4 for its attributeas, etc.



Following the dominance search and MBH approaches, we asshat the ex-
pert’'s decisions will always rely on a limited set of infortiem. More precisely,
this means that when analyzing one alternative to be evadu#tte expert will only
consider some specific and limited subsets of aspects théd @in the decision.
Thus, one could imagine that a combination suchudsd?] (attributeas with value 3
and attributezs with value 2) is used as a reference and allows by itself tidédor

a positive judgment for all alternatives that will btleastat these levels for attributes
as andas, whatever could be the values of the other attributé®21 = a3, a2 is
then one reference for the expert decision-maker, namedyobmis/her dominance
structures.[a3, a3] or [a}, a?, ad] could be possible other dominance structures, but
[a3, a] could not, as being dominated by SD# (< a3 anda} < a?). In simple
words, expert decision will then consist in browsing theafedominance structures
and in checking that at least one of them is satisfied by teeritive.

It was demonstrated that it was possible to extract the seloofinance struc-
tures related to an expert decision making through the thlysis of his/her decisions
under interactive questioning (Barthélemtyal., 1995). Of course, the complete ex-
ploration of the combinatorial space is generally not gdassithe size of the problem
may be too large, or even when limited, too large for an exgecision maker to
accept to spend so much time to browse explicitly the wholesp Efficient so-
lutions may be however proposed with light supplementapotiyeses (Lenca, 1997).

In other words, it is possible to extract from expert decisizakers’ behaviours some
sets of data structures that represent their respectivsioie@nchors and references,
and that describe their respective and personalized dacgsiocess. We consider
these sets are the key for expressing individual differeecedecision making, as we
explain in the following paragraphs.

3.3.1. Defining decision-style from (observed) decision-maldwiminance
structures

Let us now suppose, as an example, that
SD1 = ag, ag

SD2 = aj

SD3 = a?p a%o
could be attached to the description of the behaviors of cperé decision maker
DM1. Hence, (s)he would decide an alternative to be acceipttids alternative
presents either a combination of attributgsandas respectively greater than 3 and 2,
or an attributez; greater than 4, or a combination of attributgsandag respectively
greater than 6 and 10. Suppose now that another expert DMReosaime decision
task could be described, after the same kind of analysidydgtructures

SDl:a‘ll,ag,ag,ag , SD2:a§,a§



SD3 = af, a3, ay
3 4 3 2 2 4 3 5
SD4:Q2,CL7,CL8,CL9,CL10 ’ SD5:Q550‘350’7

SD6 = a3, a3, al

Obviously, we would have now some support to say that themsbdecision maker
bases his/her decisions on more in-depth analysis of aliees attributes, and has
more references to take to justify his/her decisiomsdepth analysican actually
be attached to the average number of attributes per donmeretnecture and to the
amount of dominance structures attached to the decisitn tas

We can further define two levels of empirically-based decisityles for the
respective expert decision makers:

— at acategoricallevel, DM2 can be said to be more analytical than DM1, on the
basis of the measured number of dominance structures ugbd decision task and
on the average number of aspects composing the dominaocéusés. DM1 could
be said, at the opposite, to be heuristic.

— at theindividual level, each DM can be uniquely defined by the contents of
his/her dominance structures. Decision-styles could lea tompared on a set-
comparison (two expert decision makers can happen to skarerfa major part of
their rules).

We have represented on figure 1 the dominance structuresénatextracted from
the observation of expert decision makers in professionahtation (Barthélemyt
al., 1986). Each of the sixteen experts had to analyse a saméad®iut one hundred
student applications, and to decide whether the studentavhs accepted or not.
Students applications described their grades (1 to 8) fereift disciplines (A to I).
According to the previous notation, dominance structuregacoded by the name of
the attributes - A to | - and the related value - 1 to 8, the + afmgrbeing equivalent
to a logicalor. Thus the expert 1 exhibited choices that could be expldiyeigrade
in discipline A greater than 5, or a grade in C greater thah&cbmbination of two
grades of 4 for disciplines A and C or a same kind of combimafiw disciplines C
and .

From this analysis, the expert number 7 and the expert 1 bigxdifferent decision
style: the first one apply a one-attribute unique rule as do®isd one uses 9 rules,
most of them being double-attribute . Both of them remairriséa in their strategies,
but we can now distinguish between different ways of beingriséc. Experts 4 and
7 could this way share a same categorical style (one decisienonly, with one
attribute involved only), and their respective individaglle would be defined by their
respective threshold (in this particular case, both exystthe same attribute in their
unique decision rule).
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Figure 1. Representation of dominance structures underlying datistrategies of
16 experts

3.4. Extending the decision-style to emotions and moods

It is not too difficult now to think about taking into accourftemotions in a sim-
ilar way: still developing our purposefully simplified exafa, one could analyze the
effect of emotion on decision-making through a differeingitiect measured on the
sets of dominance structures. Thus stating that our expeision-maker DM1 shifts
for instance from

SD1 = aga?), SD2 = a‘ll, SD3 = aéafo

to
SDel = a?,ag,ag, SDe2 = a?,ai,ag

_ 4 4 2 _ .3 4 .3 2 2
SDe3 = aj, ag,a1g, SDed = a5, a7, a3, ag, ajy

under the effect of sadness could allow an objective queati€in of "going towards
analytical". The same means can be used to analyze the effemygregated
effects, such as shyness added to anger added to stresstaonce, in cumulating
the differential evolution of dominance structures to aghiat least a qualitative
understanding of the process.

Effects of emotions and moods on decision-making thus canddéfened and
possibly measured from the variation of the apparent donti@astructures that
can be extracted from the expert decision behavior. If wéNalthe number of
structures and N2 their average number of aspects, we magoatid definition of
one decision-maker’s individual style his/her typicaligéions of strategies when
facing given emotional states. In the previous toy-exameations ofN1 = +1

and N2 = +1.8 can be attached to the decision-maker DM1. At a categorical
level, one could expect some of the expert decision-makegtobally show limited
variations of decision structures under effect of emotiomood.



4. Defining decision-styles from empirical observations ahobservables

Describing the stable decision strategies of a decisiokem#hanks to his
dominance structures allows in a way to think of a new pointiefv on individual
differences in decision-making. What matters really inestd understand and further
to assist a decision maker is no more related in priority ® dm her personality
category or emotional state. What matters is the form andeobrof the decision
maker’s set of dominance struictures, their content and thessible variation
depending on mood and emotion. This approach especiabysillus to evaluate
properly the additive effects to be expected from the peatitynthe emotion and the
mood of the decision-maker.

In other terms, the method should better consist in first tilegng the main
forms of sets of decision structures and, only after thig 8tep, try to correlate
them with combinations of emotions, moods or personnaliz do not claim that
this would mean to redefine the categories of moods or enwfiom the decision
styles, but at least, this should give a more practical amtrede way of managing
individual differences in decision making.

OBSERVING
DEGISION
STRATEGIES

EMOTIONS
PERSONALITY MOODS

PROFILES ﬂ
Thinking
Fealing

Empirical
dacision
profiie
51

Empirical
gacision
profiie
52

Juggamant
Parception

Empincal

ascision

protie
s3

sansing
Inturon

Figure 2. Going from classes of observed decision behaviors backteagdhotional
states and personalities



5. Individual and personalized decision support system

As we propose to rely on existing and observable human decbkexpertise - or
minimally recurrent and stable behaviors, we have to foatpetut classical decision
support systems and change our mind about the role of artiagséystem. The
assisting system is not considered as providing the decisiaker with solutions
that refer to an absolute reference or optimum any longerobuthe contrary as
proposing a kind of structured mirror image of decision mmakactions and strate-
gies, aiming at the extraction and synthetic formalizatibone unique decision-style.

What can be the operational interest of this approach, ifdeeision maker is
an expert and if the data that are initially used for extragthe most pro-eminent
strategies come from him / her? The answer is at least double:

— first, the expert decision maker may not be able to expresshar own expert
strategies. Proposing to mirror these decisional strasegjlow reaching a better level
of meta-cognition for the expert DM that may be usually dreaiimto daily action.

— second, this explicit expression of decisional strategiay be used as reminders
and controls for the expert himself / herself, or even asegifdr novices

This approach was developed and validated on differentscaSandustrial process
control that involved expert decision makers. Strategiesontrol were extracted

from the daily observation of behaviors, then synthesizetidisplayed towards the
experts themselves as a mirror of their know-how. This ae-ion-intrusive assistant
allowed to elicit expert strategies, and to capitalize awdkwurther on refining the

process control (Coppiet al,, 2007).

But it should be possible now to go further in the manageménteaision sup-
port. Affective computing as defined by (Picard, 1997), tisato say taking into
account emotions and moods in the management of man mactigragtion, has
become a major challenge and could possibly be the key forra efficient man-
machine cooperation. This is even more crucial when dealitfydecision-making.
Overwhelming flows of information addressed to a decisiorkendhat is known
to decide from few robust and simple dominance structuresdcrapidly lead to
bad performances and failure. Hiding information or shgtipart of them to the
machine when the decision-maker is more analytical and nesate exhaustive
browsing his/her numerous dominance structures could adafficient either. So
defining personal and individual decision-styles from pesadity and emotion, and
identifying them from current behaviors, could allow to ptidne communication, the
information display and even the task sharing between taearsl the machine.

6. Conclusion

In order to personalize the decision assistance, it is sacg$o better focus on the
effects of emotions and moods on the behaviors of decisiakens, and especially



the expert ones. We have presented in this paper an alierwedy to classify these
effects. Starting from observable data and interpretimgnttirom a cognitive psy-
chology point of view, we can extract formal and comparaleleatiptions of decision
strategies, i.e. the dominance structures, and then map safely the effective de-
cisional behaviors with measured or inferred personalitfiles of states of emotion.
When doing this, we expect to make decision styles expfibiéised upon observable
behaviours instead of defining theampriori, and to validate these styles definition
with the feedback of the decision makers themselves. Thepectives should be
studied in coming laboratory experiments.
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