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for socio-emotional development and physical health. Explanatory style
-hanged through cognitive behavioral therapy, a standard psychoanalytic
. .t treats depression by teaching patients to alter their habitual ways of
1 ocial events. In our research, we consider how to model differences in
i styles. both to concretize psychological theories of emotional disorders
ession, and to inform the behavior of interactive applications that can
to explore explanatory differences and encourage the development of
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Abstract. Recent years have seen an explosion of interest in computational
models of socio-emotional processes, both as a mean to deepen understang
of human behavior and as a mechanism to drive a variety of training a
entertainment applications. In contrast with work on emotion, where reses
groups have developed detailed models of emotional processes, models e much of the work on modeling personality that has focused on surface
personality have emphasized shallow surface behavior. Here, we build , a model of explanatory style attempts to characterize differences in
computational appraisal models of emotion to better characterize dispositiona g perceptions and thoughts that motivate behavior. Hayes-Roth, et al.
differences in how people come to understand social situations. Known a ynthetic actors showing relevant behavioral tendencies with respect to
exp[(znarqn' style, this dispositional factor plays a key role in social interaction ties [2]. Gebhard, et al. adjusted the intensity of an agent’s emotion
and certzjnn spcio-emotional disorders, such as depression. Building on apprai sonality traits [3]. Pelachaud, et al. introduced Greta, as a conversational
and attribution theories, we model key conceptual variables underlying t ning different degrees of importance of certain goals according to its
explanatory style, and enable agents to exhibit different explanatory tendencie 4]. Paiva, et al. regulated an agent’s emotional threshold and decay rate
according to their personalities. We describe an interactive virtual environ e with the personality in an interactive system, called FearNot! [5]. While
that uses the model to allow participants to explore individual differences -v,, odeled an agent’s different behavioral tendencies according to the agent’s
explanal_ion of.social events', with the goal of encouraging the development 0 they have hardly considered an agent’s dispositional bdifferencoes in
perspective taking and emotion-regulatory skills. 1 ling of social events based on the personality. Thus, we aim to concretize
i ent appraises social situations differently according to personality factors
. ). he appraisal differences influence the agent’s emotional abilities to cope
1 Introduction v tuations.
' paper, we begin by introducing psychological explanatory styles and
fferences on the styles according to personality. Then, we present how to
theoretical explanatory styles to a computational framework. We also
’.teractive virtual environment that uses the model to allow participants to
Vidual differences in the explanation of social events, a step toward the
al of developing applications that encourage the advancement of
taking and emotion-regulatory skills. Finally, we summarize our work and
Ure researches.

Imagine you have two friends that just lost their jobs at the same company- £
the company gave no explanation, Robert attributes the firing to the incomp
his manager, and quickly applies for other positions. Jim becomes com
performance was inadequate. He becomes paralyzed, wondering abO‘l.t 3
failed and sinks into depression. You’ve probably experiences a similar sit
same event explained in very different ways with noticeable consequt’:Im
individual’s emotional ability to cope. In social psychology, these individ
to differ in their explanatory styles, or how they explain good or bad cons
themselves [1]. Explanatory styles are associated with certain personallty ¥
For example, pessimists like Jim tend to internalize failure and extern
Pessimistic style, carried to the extreme, can be maladaptive and have

|
‘ Matory Styles for Appraisals

. l.lt individual differences in expressional, logical, and emotional aspects
'dled extensively in psychology. Most psychological approaches structure
Y 1N terms of abstract traits such as extroversion or neuroticism — e.g., The
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Big-Five model [6]. Traits are ab§tract construgts _th'zg h?vgvbmud impgct "
aspects of cognition and behav10r,. and'an 1nd1'v1 ua 15~ _CbaraClenze q
combinations of different levels of intensity of dlfferenF traits. Oq the othe
some psychologists have studied s.pemﬁc personality differences in greg
attempting to elucidate the underlying factors that produce these dlfferenc
styles [1].
ex;;lnan;lti(;ryngef, E)u]r goal is to make an agent understand  situationg diff
according to its own personality. To'achleve the goal, We.base our
psychological explanatory styles, espemally .the work of Peterffm and Selj
They define an explanatory style as a cognitive persqna!lty variable that’ re
people habitually explain the causes of even’ts. They insist that a person’s
physical health is affected by the person’s exl:.)lz.matorly‘ stylé in impo
Explanatory styles are closely assoglated with (.:hmcal. dlsord.el, e.g. dep
help to predict whether a person will s.ucceed in a w1§e varlle'ty of tasks [‘
addition, explanatory styles are stralghtfor\yardly mvestigated throug{;:
measurements, e.g., Attributional Style Questionnaire (ASQ), Fontent A
Verbatim Explanation technique (CAVE), Expanded ASQ, let.u [9]. Tpe |
styles are exploited for cognitivg liehaworal therapy helping to u-.. | |
@ -bei f individuals. . r—y
COr’llf:)dZicel:adilgde\\)/v:rllltsl?e;:ip(;e basically answer the following (]Ll&?’[lons:' 1 _ |\ Goerion \ffwmness)
the situalt:)ion? How long will the situation last? qu muc_l'w of gmy
situation affect? That is, explanatory 'styles lare dlffere'rjtm.te)d hy s :
Personalization, permanence, and pervaswer,l’ess . Personalu,aln(i/.zt;s‘ (;\:mee
which the explanation is internal (“it’s. me. ) versus exte’r’na ( ‘1 Ssan . e
Permanence indicates a stable event (“it will last forever.”) vei‘rsg_t’s .
(“it’s short-lived”). Pervasiveness denotes an C‘\‘/.ef’lt as glopa ( it ﬂienc
everything that happens to me”) versus specific (“it’s only g‘omgbtaoS :cll y
People differ in their habitual explan.atory tendenmesb ‘differen
personalities [1]. Especially, the tendenc1e§ clearly can ; te s to 08
pessimists or optimists. Pessimists have negative explanato;y :h); i
in their lives. They believe that negative events z.lre‘causedb % eyl
happens (stable), and affect other all areas in their life (gl(l) a i;)bably >
events are caused by things outside their cpntrol (externa ?, p e
again (unstable), and are isolated (specific). In contrast,.op i
. i i not being their 1a
explanatory styles. They explain negative events as ! o ine
and consider them as being isolated (upstable) that g\ée s vl
areas of their lives or future events (specific). They consi evri gel.]ce ot
happened because of them (internal). They see them as SeOf e v
things will happen in the future (stable), and in other area ¢

styles. To make the agents present different explanatory tendencies on
cording to their personalities, we design the algorithm to regulate degrees
ory variables based on the personality factors. Then, we specify how the
ve influence on the agent’s explanatory process and the assignment of
| states. To provide a solid framework for modeling differences in
styles, we base our work on a computational appraisal theory of Gratch
sella [11], and especially theoretical developments on modeling social
1 [12]. Thus, an agent appraises the significance of events in its environment
of its relationships to its beliefs, desires and intentions. Then, the agent
situation based on the assessment, and reflects the explanation to emotion
bout the circumstance. Fig. 1 shows an overview of our computational
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overview of our computational framew
explains the event accordin
e explanation.

ork. An agent infers causal information about
g to its explanatory style, and changes an emotional state

1 agent infer causal informati
tal state concerning actions
and effects, and is associ

on about an event, we need to represent the
and states [11]. An action consists of a set of
ated with a performer (an agent that performs
that possesses the authority over the action).
student wishes to use the toilet, and needs to ask the teacher for
the student is the performer and the teacher is the authorizer. In addition,
N be assigned a numerical value in the interval [-100, 100] denoting the
€rence (utility) for the state. In our approach, the preference implies how
tate contributes to achieve the goal [13]. Thus, a state associated with

, States and
appraised, in accordance with
I variables: Relevance, likelihood,
d can result in an emotional response (see [11]).
ion, i.e., causality, foreknowledge, intention, and
causal evidence in social interaction. The agent
the occurrence of an event, and whether the
event. It also decides if the outcome is coerced

Moreover, each state is
- appraisal theory in terms of appraisa
itity, Changeability, etc., an

I deduces caysal informat
POUL circumstances from
Causally contributes to
'foreknowledge about the

3 Computational Framework for Explanatory Style

. 9 |‘
ational fraf
In recasting psychological explanatory styles to a corlnpu’c:riables o
socially interactive agents, we model core conceptual v
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or intended by some other agents. In this paper, it is beyond the SCope of |
describe algorithms on how to infer the causal information. However, detai], i
and inference algorithms can be found at [12].

jjusts the extent of influence of previous circumstances by the degree of
ss. Therefore, same situation can be evaluated differently according to the

3.2 Explanatory Variables

erent explanatory propensities.
Psychological explanatory styles have considered human’s habitya] dispo i
explanations about their situations through three key variables: Pergq Knowiedge J
permanence and pervasiveness. In this paper, our goal is to build a cony i
model describing explanatory styles of socially interactive agents. Thus,
theoretical variables of explanatory styles into our model, and associate the g
specific aspects of an agent’s tendencies to appraise the situations. . m?;’f:,f';
Personalization refers to who causes a situation. It is closely rela q
assignment of responsibility for the occurrence of an event. Especially, it is
with the blame or the praise for the outcome. If an agent has internal perso
it tends to blame or credit itself for the situation. Contrastively, if
externalizes the situation, it shows a tendency to explain the conse
attributing the blame or the credit to some other agents or other external fa
Permanence determines how long this situation will last. It has an efft
appraisal of the persistence of an event. It is correlated with the assess
controllability and changeability about a situation. Controllability is a mea
agent’s ability to control the circumstance. Changeability indicates how Ii
situation will be changed without any intervention. Thus, if an agent
outcome is persistent, the agent considers that the consequence is not chang
changeable) and the agent itself does not have any controllability (low coi
On the other hand, the agent considers a variable circumstance as high
and high controllable.
Pervasiveness is a measure of how much a situation affects other asp:
effect on judgments of other events. In our approach, it corresponds to
appraisal biases for other circumstances. When an agent regards a previ
pervasive, it makes the agent hold a biased view. Accordingly, the agent
other events toward similar appraisals of prior outcomes. For example,
thinks of a bad circumstance as global, the agent tends to evaluate other CD'
on negative lines. Meanwhile, if the agent considers the situation as Spe Cli
not show any influence on other appraisals.

Responsibility
Credit/Blame

Attribution
Variables

" Controliability

Chongeabilty Emotion

Selection

S

he extent of
Influence

igent’s different explanation depending on its explanatory tendencies. An agent
to assign the responsibility, evaluate controllability and changeability, and
> extent of influence of the situation based on the agent’s personality.

g to an agent’s explanatory characteristic on personalization, it differentiates
nent of responsibility for the state. Furthermore, based on an agent’s
on the circumstance, the agent blames or praises responsible agents for the
e assignment begins with a primitive action causing a set of effects. For an
outcome, a pessimistic agent is biased to blame itself for the outcome. At
imistic agent judges whether it causally contributes to achieve the outcome
er agents to perform an action achieving the consequence. If the agent
ity or coercion for the effect, the agent accuses itself for the undesirable
other hand, an optimistic agent turns the responsibility of the negative
to some other agents. So, when others who have causalities or coercions
Ssirable circumstance exist, the agent blames the consequence on them. In
a desirable effect, it shows an opposite way to assign the responsibility.
Simistic agent has a tendency to praise some other agents, such as indirect
coercers, for the consequence. But an optimistic agent is apt to praise itself
rable outcome when the agent has causality or coercion on achieving the
ample, the project your friend is in charge of is a great success. If your
pessimistic explanatory style, the friend applauds other teammates as they
and energy to the project. Contrastively, if your friend has an optimistic
Style, the friend takes credit to himself or herself in the success — e. g. self-
: £ood management of the project.
$ habitual tendency to assess the permanence of an effect is closely
aluate the persistence of the effect. Thus, the explanation is associated
als of controllability and changeability for the circumstance. A
ent assigns high permanence (low controllability and low changeability)
irable outcome, and low permanence (high controllability and high
Y) for a desirable outcome. Meanwhile, an optimistic agent attributes low
and low changeability for an undesirable state, and high controllability
geability for a desirable circumstance.

3.3 Explanatory Process

We have developed an explanatory process, as shown in Fig.2, which al}
to appraise a situation differently with respect to its own personah:‘
extended Mao’s framework for social explanations [12] to incorporaté
function of the agent’s personality. We design to assign different ten
agent’s explanatory variables in accordance with personalit}./ factors. Eh
dispositional personalization, an agent attributes responsibility for the©
an event, and blames or credits for the circumstance in different .way' o
has different inclinations to evaluate the persistence of the situation,

different degree of controllability and changeability of appraisals 0 the ‘G
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The agent’s disposition on pervasiveness influences appraisy]
outcomes. In our model, it corresponds to the adjustment of the inte
instances associated with other appraisals. For an undesirable outcome, 3 pa
agent considers that the negative consequence affects all other appraiSal
increases the intensity of negative emotions (e.g. distress, shame, reproach S..
it decreases the intensity of positive emotions (e.g. joy, pride, admiration,
appraisals. Reversely, since an optimistic agent thinks of the undesirable ¢g
as isolated, it does not show any influence on other appraisals. However. ;
agent has a desirable outcome, a pessimistic agent does not necessarily cg
circumstance. Contrastively, as an optimistic agent regards the positive
pervasive, it increases the intensity of positive emotions and decreases the int
negative emotions in other appraisals. )

biases
nSity of . . -
oped an interactive environment that uses our model to allow participants

vidual differences in the explanation of social events, a step toward the
»al of developing applications that encourage the advancement of perspective
»émotion-regulatory skills. As illustrated in Fig. 3, it makes participants
ower gardening with a bluebird as a team. In this environment, there are
ardener (participant) and guidance (bluebird), who worked as a team. A
an authority over a bluebird and orders commands, such as sprinkling
a simple GUI. The bluebird actually carries out the commands in a virtual
vironment, and then the virtual flower presents the effects of executed
hus, the participants can learn the influence of the commands for flower
ermore, the bluebird provides the participant with guidance through its
al responses to the status of the virtual flower.

3.4 Emotion Selection

In our approach, another concern is how an agent’s explanation influenc ,
assignment of an emotional state. The explanation contains informatio BLUEBIRD
appraisal variables [11], especially desirability, controllability, and ¢ ‘ k
associated with an effect, and responsibility of the effect, the blame or th
the responsibility. Thus, we map the information into emotion instances |
OCC Model [14]. In OCC Model, responsibility has relevance to attribution
e.g., pride, admiration, shame, reproach, etc. Accordingly, we define
the attribution emotions based on responsibility and the blame or the
responsibility for an outcome. In addition, since desirability is related Iu
event-based emotions, e.g., joy, distress, etc, we list conditions for -1
emotions. We append changeability and controllability to conditions for ast
event-based emotions. Table 1 describes our basic principles to assign
instance according to agent (p)’s perspective for the outcome e. Pride ari
responsible for producing a desired outcome e. Meanwhile, shame arises
the responsibility for causing an undesired state e. Respect arises when
agent has the responsibility on achieving a desired state ¢, and p is praise
On the other hand, Reproach arises when some other agents are respon
undesired state e, and p is blameworthy for e. Distress occurs when agent,
controllability in undesirable state e, which is seldom changed. Joy ariSes
a desirable state e which is unchangeable. 5

Menu for
determining
personality

s b GUI for
selecting

commands

tive environment with a bluebird. Participants can select a specific command
GUI window. The bluebird executes the command and the virtual flower shows the
> selected command in this interactive environment.
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! | 1" i OR barticipant-
. i lanations into emotion instances as-water e
Table 1. Mapping exp 7 apply-water appiy ertilizer

authorizer: participant
performer : participant

D

authorizer: participant
performer : participant

Explanation configuration

bird particep

responsible agent(e) = p, causal attribution (p, ¢) = praiseworthy

AOS-(Eruhiz er

ate . ertiize
. ; g by kle-water ive-fertili inkl ili;
‘ : agent(e)—p, cansal attibubion (5. 6 bl ity SP"H.I at give-fertilizer sprinkle-fertilizer
responsnble gent(e) = p. P, ) ‘/ authorizer: barticpant authorizer: participant authorizer: participant
I‘eSpOﬂSible agent(e) =g (#p) causal attribution (p, €) = pralseworlhy ¢ - bird performer : participant

responsible agent(e) = ¢ ( # p), causal attribution (p, €) = blaeror_ﬂl’__“ —

desirability (p, e) < 0, controllability(p, ¢) = low, changeabilitw

Blooming-is- ( bird-has- >
helped strong fertilizer

desirability (p, ) =, clitic SRR VRS R Fig. 4. A task structure of help-blooming in our interactive environment
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We used our model to enable the bluebird to explain social situations in differeng
ways depending on its personality factors. Before interacting with the blue.bird, a
mine the bluebird’s explanatory style - e.g. pessimistic,
neutral, and optimistic style. Then, selected style has a'n.impact on the b]uebird’s
explanatory tendencies for social interaction with the participant. In t.hlS environment,
a participant has a help-blooming mission to achieve the goal blooming-is-helped. Ag
shown in Fig. 4, there are two methods to achieve this: apply-water‘and apply-
fertilizer. Apply-water consists of primitive actions; give-wgter and.sprmkle»u.)ater,
and apply-fertilizer is composed of give-fertilizer anq sprmkle-fetjttll;er. Spr{nkle-
water and sprinkle-fertilizer have the effect blooming-ts-help@ which is a deS}rable
goal to a bluebird and a participant. However, sprinkle-fertilizer has an undesirable
side effect for the bluebird, which is that root-becomes-weak..

Let's imagine that a participant predetermined a bluebird’s explanatory Sly.le as
erced the bluebird to perform sprinkle-fertilizer. Then, an undesirable
k occurred. Fig. 5 shows how our computational model

—
/ Read A, AH, e, ;

participant can predeter

optimistic and co
outcome root-becomes-wea

A : sprinkle-fertilizer action

/ ersondli / AH : action hierarch;
ity(e) Y

? — e : root-becomes-weaken effect
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desirability(e) : negative
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I ]
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Fig. 5. An optimistic bluebird’s explanation about a negative outcom
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informs the bluebird’s explanation for the undesirable effect. Firstly, a bluebird knows
that it is a causal agency and a participant is an indirect agency for the effect. The
ebird infers that the participant has foreknowledge about the effect and intends to
wchieve the consequence because the participant coerced the bluebird to perform
rinkle-fertilizer causing the negative outcome. According to a bluebird’s optimistic
explanatory style, the bluebird externalizes an undesirable state. Thus, it finds some
er blameworthy agents, e.g., indirect agency, coercer, etc. Because the outcome is
ced by a participant, the bluebird attributes the responsibility to the participant.
Moreover, since the bluebird regards root-becomes-weak as unstable, it attributes high
ntrollability and high changeability to the state. As the bluebird thinks of the negative
outcome as isolated, it does not have any influence on other appraisals. Finally, the
ebird reproaches the participant for being blameworthy on the undesirable state root-
hecomes-weak according to our principles for determining an emotional state.
Fig. 6 shows examples of a bluebird’s different emotional responses to same events
ccording to its explanatory tendencies. Since participants can interact with a bluebird
a team, it enables them to explore other team members” different explanatory styles
n there is teamwork in the interactive environment. As a result, we can study how
fferent explanatory styles of teammates influence the other teammate’s performance
teamwork in team task environments. Ultimately, we can expect possibilities of
plications that encourage the advancement of participants’ perspective taking and
tion-regulatory skills in interactive environments.

(b) Responses to a bad outcome

Different emotional responses to same situation depending on its explanatory style. Left
SI}OW a pessimistic agent’s expression to a good or bad outcome, and right ones describe
stic agent’s expression.
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5 Summary and Future Work

In this paper, we presented a computational framework which allowed an agent ¢,
exhibit different explanatory tendencies for social events according to personality,
Building on the framework, we modeled key conceptual variables underlying
psychological explanatory styles, and designed to assign different explanatory
tendencies depending on an agent’s personality. We also specified how the variapleg
inform the agent’s explanatory process and the assignment of emotional states ip
social situations. Finally, we built an interactive virtual environment that used oyp
framework to allow participants to explore individual differences in the explanation of
social events, with the goal of encouraging the development of perspective taking and
emotion-regulatory skills.

This work is still in its early stages. The current framework has focused on simple
common sense rules which are sufficient and efficient for our practical application,
Future research must extend our framework with more general rules for pervasiveness
in explanatory styles. Since the implemented bluebird limits to exhibit its explanation
through facial expression and simple movement, it is not enough to allow participants
to understand a bluebird’s explanations about social events. Therefore, we are
planning to combine additional modalities, e.g., sound, etc, to improve participants’
understanding about the bluebird’s explanation. We are also planning to evaluate the
effectiveness of our proposed framework through a comparative study with other
research. Furthermore, we will measure how participants’ explanatory tendencies
influence their comprehensions of the bluebird’s explanations of social events in
interactive edutainment systems.
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