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Preface

Aﬀective computing is a fascinating new area of research emerging in computer
science. It dwells on problems where “computing is related to, arises from or
deliberately inﬂuences emotions” (Aﬀective Computing by Picard 1997). Following this new research direction and considering the human element as crucial
in designing and implementing interactive intelligent interfaces, aﬀective computing is now inﬂuencing the way we shape, design, construct and evaluate human/computer and computer-mediated communication. But how can computers
play a role in aﬀective interactions? How can they induce emotions, recognize
emotions, represent or express emotions? What kinds of interactions and what
kinds of mechanisms should they have in order for aﬀective interactions to be
established with users?
To discuss these questions we decided to organise a one and a half day workshop entitled “Aﬀective interactions: towards a new generation of interfaces” in
Sienna in conjunction with the 1999 I3 Annual Conference. This book brings together some selected papers presented as ﬁrst drafts at the workshop plus some
extra contributions such as an interview with Prof. Rosalind Picard, a pioneer
researcher in this ﬁeld.
The papers combine diﬀerent perspectives, theories and cases showing how
to bring an aﬀective dimension into the interaction between users and computer
applications.
I would like to take this opportunity to thank many people who were involved
in the preparation of this book, in particular the programme committee of the
workshop and the reviewers of the book. I also want to thank all my colleagues
at INESC-GAIVA group in Portugal and at the Imperial College, Department
of Electrical and Electronic Engineering, London, UK. Special thanks to Carlos
Martinho, Marco Vala and Nikos Drakos who helped me in the preparation of
the original proceedings used during the workshop and in the ﬁnalization of this
volume. Thanks to the I3 conference organisers for providing such an inspiring
setting to host the event. Thanks also to Mr. Alfred Hoﬀmann from Sringer for
his help and especially for his patience during the preparation of this volume.
It is my hope that the research presented in this book can contribute greatly
to an increased understanding of the role that aﬀect plays in human/computer
and computer-mediated interactions as well as for stimulating further work in
this challenging new area of research.
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Aﬀective Interactions: Toward a New
Generation of Computer Interfaces?
Ana Paiva
IST and Instituto de Engenharia de Sistemas e Computadores
Rua Alves Redol, 9, 1000 Lisboa, Portugal.
Ana.Paiva@inesc.pt

Although emotions were, for a long time, considered undesirable for rational
behaviour, there is now evidence in Neuroscience and Psychology that shows
emotions to be an important factor in problem solving capabilities and intelligence in general [8]. As a result, a strong new ﬁeld is emerging in computer
science: Aﬀective Computing, i.e. “computing that relates to, arises from or deliberately inﬂuences emotions” [21].
Following this new research orientation and considering the human-element
as crucial in designing and implementing interactive intelligent interfaces, this
book provides a view on the impact of aﬀect in such interfaces. Thus, the title
“Aﬀect in Interactions”, may be misleading, since we use “aﬀective interactions”
not only to refer to human-human interactions, but mostly, as a reference to computer mediated, generated or interpreted aﬀective interactions. That is, we bring
computers into the aﬀective loop by exploring aﬀect in the human/computer interaction loop. Secondly, we used the word “aﬀective” (or aﬀective phenomena)
rather than “emotional”, since although frequently used indistinguishably, the
term “aﬀective” can be seen as more wide-ranging and therefore include, together
with emotions, other states such as moods or sentiments (see [11] and [12] for
good discussions on the diﬀerences between several aﬀective phenomena).
Finally, assuming that interaction with computers should be grounded on
how people interact with each other, and considering that emotion plays a fundamental role in such communication, it is not only natural but indispensable
to study aﬀect in human/computer interactions. In doing so, we expect to ﬁnd
techniques and approaches that will allow us to augment the actual communication channel between machines and humans. But how can machines play a role
in aﬀective communication? How can they induce emotion, recognize emotion or
represent emotions? What kinds of interactions and what kinds of mechanisms
should they have in order for aﬀective interactions to be established with users?
This book tries, if not to provide some answers, at least to motivate for the
challenging problems of ﬁnding such answers.

1

Do We Really Need to Enrich Human/Computer
Interactions with an Aﬀective Dimension?

One can look at today’s computer applications as a good starting point towards
the understanding of the role that aﬀective elements play in the relations between
A. M. Paiva (Ed.): Aﬀective Interactions, LNAI 1814, pp. 1–8, 2000.
c Springer-Verlag Berlin Heidelberg 2000
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humans and machines. But to do that, evidences must be gathered on how
current Human/Machine interactions inﬂuence the user’s aﬀective states.
Following such line of research, G. Wilson and A. Sasse [29] present an interesting result of measuring stress levels of users interacting in a multimedia
conferencing environment with audio and video communication. In their research
they found that, although users did not register subjectively the diﬀerence between receiving 5 or 25 video frames per second (only 16% reported a frame rate
change) their physiological signals reported a signiﬁcant increase of their stress
level (75 % of the participants showed signiﬁcant increase in their stress level).
These results show that more research needs to be done on the analysis of aﬀect
elements present in current human/computer interactions.
Although it is clear that aﬀective interactions are richer and allow stronger
human relations, what is not so clear is in what situations one should call for
such type of interactions with computers. For example, if we want to buy and sell
shares on the Web, we may want a cold not emotional interaction (see R. Picard
interview in this book [22]). On the other hand, if we want an environment that
advises mothers in critical and stressfull situations [17], we will perhaps want
to consider the actual emotional state of the mother and take that into account
for the advice to give. So, evidences must be gathered to understand in which
situations it is eﬀective to explore aﬀective interactions.
In this book, Cooper et. al. [7] present an interesting study of the role of empathy in teacher-children interactions. Based on evidence collected with children
and teachers, the paper provides a good example of interactions where aﬀect
plays a fundamental role in achieving eﬀective learning interactions. In the paper some characteristics on what is considered to be an ”emphatic” teacher are
provided, such as for example, being open, warm, relaxed, smiling frequently,
using body language, among others. This analysis must serve as a reference for
those who intend to build computer based learning environments that provide
empathic interactions with the learners.

2

Capturing the User’s Aﬀective States

Humans establish aﬀective relations with the environment from birth. Starting
with the strong relation between the newborn baby and her mother, through the
relations children establish with their transitional objects, such as a teddy bear
or blanket, aﬀect plays an important role in human development. Babies at 4
weeks give joy to their parents with their ﬁrst smiles and at three months infants
can show an expression of rage denoting disappointment [27]. But infants not
only express emotions, but are also able to recognize emotions. Infants as young
as ﬁve months can discriminate among facial and vocal expressions of happy,
sad and angry emotions (see [26]). Voice and face become the channels for their
aﬀective interactions.
For us humans, recognizing that the person seating in front of us in the
train gets distressed when the train stops for a while, with no apparent good
reason, seems to be not too diﬃcult, and we do it all the time (with more or less
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success). The person may look repetitively at the watch, start shuﬄing his feet,
or simply smile in a forced manner. Some of these signals may reveal distress or
anxiety. For machines, recognizing emotions and distinguishing them from other
communicative or social signals is a diﬃcult task since it needs to be seen within
a temporal and situational context [28]. But the advances in emotion recognition
seem to have gone closer to science ﬁction predictions than ever before. Some of
the most impressive results on emotion recognition were achieved by the group
of Rosalind Picard at the MIT media lab (see interview with Rosalind Picard in
this book [22]). The recognition of 8 emotional states (neutral; anger; hate; grief;
platonic love; romantic love; joy and reverence) was done with a high success
rate of 80%. Such rate was attained in a controlled situation with one subject
(actress) expressing a sequence of emotions. Although, extremely impressive,
there is still a long way to go for machines to be able to capture emotions by
diﬀerent people, in diﬀerent days, in non-controlled environments. But it is a
very good start.
But, as emotions can be expressed in diﬀerent ways, through bodily responses, to language and behaviour changes, they therefore can be captured
also using diﬀerent modalities and approaches, such as: recognition of emotions
in speech and voice intonation; recognition of emotions in facial expressions;
recognition of emotions in body gestures, posture or movement; physiological
signals recognition (such as respiration, heart rate, pulse, temperature, galvanic
skin conductivity, etc); and situation evaluation.
So, it is not surprising that some of the techniques for aﬀect acquisition rely
on the physiological signals, capturing the body responses of the user, and others
rely more on the interpretation of the situation and thus evaluating the cognitive
response of the user. In this book some of these diﬀerent approaches for emotion
recognition are discussed. Although they are diﬀerent, as they capture diﬀerent
expressions of emotion, they can be seen as complementary and part of a large
multi-modal aﬀective sensory system. But, as argued in [21], the best recognition
is likely to come from the combination of the diﬀerent modalities and including
not only low-level signal recognition but also higher-level reasoning about the
situation.
Wehrle and Kaiser [28] start with an argument for automatically interpreting
gestures and facial expressions in order to improve human-machine interactions.
In their paper, they show how to use an appraisal based approach to understand the relation between emotion and facial expressions. Using FACS [11],
they established a link between facial actions with appraisal checks. Their results
were obtained using the Geneva Appraisal Manipulation Environment (GAME),
which is a tool for generating experimental computer games that translate psychological postulates into speciﬁc micro-world scenarios. While playing the game,
participants are videotaped and these tape recordings allow an automatic analysis of the participants facial behaviour. The results obtained by Wehrle and
Kaiser [28] Kaiser stress the advantages of adopting an appraisal-based approach
which combines the subjective evaluation of a situation with the outcome of the
appraisal process to other components of emotions.
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Using a diﬀerent modality G. Wilson and A. Sasse [29] show how measuring
physiological signals of negative emotions (focusing on stress) can be seen as
a more objective form of obtaining the user’s cost of media presentations. The
measurement of the stress level was done by analyzing the Blood Volume Pressure (BVP), the Heart Rate (HR) and Galvanic Skin Response (GSR). These
signals were chosen as they are non-obtrusive and at the same time good indicators of stress levels. The capture is done with equipment ProComp and the
signal analysis was based on the fact that high heart rate is associated with an
anxious state, GSR increase is also a good indicator of stress and decrease in
BVP amplitude suggests that a person is fearful and anxious.
Finally, the work by Paiva, Martinho & Machado (see [18]) shows a way by
which applications can take advantage of their current user modeling techniques
to obtain some situation modeling needed for a cognitive approach to aﬀective
user modeling. Following a similar line of research as [28], in the presented work
the OCC [20] theory of emotions is used to illustrate how to capture elements
such as preferences or goals of the user, and use them to perform inferences
about the aﬀective state of the user. Such approach is then contextualized in a
collaborative story creation environment called Teatrix [16] .

3

Representing and Reasoning with Aﬀective States

In order for aﬀective interactions to be established between machines and humans, computers may not only recognise the user’s aﬀective states but also,
interpret and represent such aﬀective states. Further, to exhibit aﬀective behaviour in a coherent manner, computers themselves may incorporate models
of emotions through what R. Picard calls ”emotion synthesis”. Indeed, over the
last few years we have seen a growing interest on emotion theories and architectures aiming at obtaining ”machine emotions”. However, this growth does not
mean that there is a clear consensus between the research communities on what
emotions are and what theories are better applied to obtain computer emotions.
For example, Castelfranchi ([6] in this book) sees emotions as complex states
constituted by the integration of mental, somatic, cognitive and motivational
components. The basic constituent elements of emotions are beliefs, evaluations,
goals, arousal- i. e. somatic, and the “tendency towards action”. In the paper
Castelfranchi looks at two aspects of emotions: (1) that they constitute rich mental states and (2) that they are “felt”. This leads to a distinction between “cognitive evaluation” versus “intuitive and implicit aﬀective appraisal”. Castelfranchi
argues that a purely functional explanation of emotions (often found in some
theories of emotion) is incomplete as it ignores their subjective face. This does
not mean that beliefs, goals and expectations, elements associated with the cognitive view of emotion, are second class elements in emotion generation. In fact,
such elements are crucial for what Castelfranchi considers as reason-based evaluation or “cognitive evaluation”. This analysis of “cognitive evaluation” versus
“intuitive and implicit aﬀective appraisal” is extremely important as it provides
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us a framework for establishing a link between two diﬀerent ways of addressing
emotion synthesis.
Following the cognitive evaluation view discussed by Castelfranchi, Antunes
& Coelho (see [3]) consider that one of the fundamental elements in such evaluation are ”values”. They propose an architecture, which includes values as the
mechanism for goals adoption. Although relying deeply on a strong AI position
that sees emotions only at a cognitive level, the advantage of this architecture is
that there is a clear path between goals adoption and values, and thus, between
goals adoption and cognitive evaluation that leads to emotions.
In McCauley, Franklin and Bogner’s paper [19] the role of emotions appears
in an integrated architecture that focuses on achieving consciousness in intelligent agents. Recently this link between consciousness and emotions has been
strengthened with the work by the neuroscientist Damasio [9] (see also R. Picard
interview in this book pp.215). Thus, motivated by the role that emotions play
in human cognition, Mc Cauley et. al present two intelligent agents that were
extended with emotional states. One of such agents, CMattie was designed to
model a global workspace of consciousness and includes modules for perception,
action selection, metacognition, associative memory, consciousness and emotions.
In CMattie emotions are represented by emotion codelets (a small piece of code
capable of performing some speciﬁc action under appropriate conditions) which
inﬂuence current action selection, by inﬂuencing other codelets and behaviours
of the agent. That is, the emotional states (with four emotions: anger, sadness,
happiness and fear) will aﬀect its cognitive processes inﬂuencing its reasoning
and learning processes.
In Stevo Bozinovsky paper[5], emotions are used as elements in a learning
based agent. The presented learning mechanism allows the deﬁnition of a ”emotion learning agent” which combines both genetic elements and behavioral ones.
Such an architecture was used to build a goal-keeper for a RoboCup [14]team
element. The training of such a goal keeper showed that a good performance can
be achieved using such an emotion-based architecture.
But, emotion synthesis can be used not only as a way to obtain more rational
behaviour, but also to convey to the users some degree of believability . André et
al.[1] present three systems (the Inhabitated Market Place, the Puppet Project
and the Presence System) where emotions and personality are used as a way of
conveying some believability of the life-like characters. In the presented work,
emotional behaviour is achieved through the use of two diﬀerent emotion theories, in particular the OCC theory of emotions [20]. The systems presented and
the results achieved are indeed a good example of how emotions and personality
can be used eﬀectively to convey beliebavility of the characters.

4

The Expression of Emotions in Machines

In the past few years, several research teams have been enriching their humancomputer interfaces with characters that exhibit facial and body expressions (see
for example [15] [24] [2]). As argued in [4], creating an animated visual charac-
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ter will be a common way to lend substance to our conversational computers.
Such characters aim at making the communication between users and machines
more eﬀective, as the expressive power of the character can be combined with
its utterances and actions. Further, such characters can also be enriched with
emotional expressive power in order to both increase the believability as well as
their interaction power.
P. Rizzo’s paper (see [25]) discusses a set of hypotheses that are commonly
assumed when giving synthetic characters the power of emotional expression.
Those underlying assumptions are challenged and revisited in both a critical
and constructive way. By discussing assumptions such as ”the believability crucially depends on the agent’s ability to show emotional behaviors” or ”the ability
to process aﬀective states enables the agent to display emotional reactions; thus
enhancing believability” Rizzo challenges the researchers on aﬀect and believable agents to be more critical and to provide more evidences that believability,
emotional expression and synthesis can still walk hands in hands.
Pat George and Malcolm McIllhagga (in [13]) discuss how emotional information can be communicated in a meaningful way to children using a virtual
environment. They discuss the meaning that young children place on facial expressions when gathering information about emotion, and present an empirical
study that shows how children discriminate among diﬀerent emotional facial expressions in cartoon like characters. Further, they also examine how children
use such emotional expressions to build creatively emotional characters acting
within their stories.
At Microsoft, G. Ball and J. Breeze’s research (see [4]) focuses on personality
and its relation to external observable behaviors such as posture or gestures.
Focusing on animated characters, and assuming that personality can also be
conveyed by characteristic body motions, Ball and Breeze present a technique,
based on Bayesian networks, by which such body expression comes as a result
of the characters internal personality factors.
Poggi and Pelachaud (see [23])direct their attention to the aﬀect content of
facial expressions and analyze the facial expression of emotion when contained in
communicative acts, such as suggesting, warning approving, etc. They go further
arguing that ”the core meaning that is contained in the expression of an emotion
is not only present in that emotion per se, but also in other kinds of communicative signals” (such as for example emphasis). So, they argue for the need to look
at facial expression in animated characters through a compositional method in
order to capture the richness of possible meanings that underly communicative
facial expressions.
But aﬀect does not only come in the form of facial or body expression. Emotional states bind the reasoning inﬂuencing the behaviour, the decisions, the
speech, the choice of words, etc. In this book de Rosis and Grasso [10] present
some elements of natural language generation that not only take into account
the hearer’s aﬀective state, but mostly, is performed aiming at deliberatively
inﬂuencing his/her emotional states. They study the role that aﬀect plays in the
various stages of Natural Language Processing , and re-enunciate a set of prin-

Aﬀective Interactions: Toward a New Generation of Computer Interface?

7

ciples and assumptions which are then revised in order to create more ”aﬀective
texts”.

5

Final Remarks

This book combines diﬀerent perspectives, theories and cases that show how
to bring an aﬀective dimension into the interaction between users and computer applications. It is my hope that the research presented in here can contribute greatly to an increased understanding of the role that aﬀect plays in
human/computer or computer-mediated interactions as well as for stimulating
further research in this challenging new ﬁeld.
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$EVWUDFW 9LGHRFRQIHUHQFLQJ RYHU WKH ,QWHUQHW LV GHYHORSLQJ LQWR D
YDOXDEOH FRPPXQLFDWLYH WRRO WKHUHIRUH DVVHVVPHQW PHWKRGV DOORZLQJ
XVHUV¶UHTXLUHPHQWVWREHGHWHUPLQHGDQGDFFRXQWHGIRULQWKHGHVLJQRI
DSSOLFDWLRQVDUHYLWDO6XEMHFWLYHUDWLQJVFDOHVDUHPDLQO\XVHGWRDVVHVV
ZKHWKHU PXOWLPHGLDTXDOLW\LV VXIILFLHQW IRU D SDUWLFXODU WDVN KRZHYHU
UHO\LQJ RQ WKLV PHWKRG DORQH KDV GUDZEDFNV 7KHUHIRUH ZH DUH
LQYHVWLJDWLQJ WKH XVH RI REMHFWLYH PHWKRGV WR DVVHVV WKH XVHU FRVW RI
GLIIHUHQWOHYHOVRIPXOWLPHGLDTXDOLW\SK\VLRORJLFDOLQGLFDWRUVRIVWUHVV
DUHEHLQJPHDVXUHG7ZRDLPVRIWKLVUHVHDUFKDUH WRGHWHUPLQHWKH
RSWLPXP DQG PLQLPXP OHYHOV RI TXDOLW\ ZKLFK GLIIHUHQW XVHUV UHTXLUH
IRU SHUIRUPLQJ GLIIHUHQW WDVNV ZLWKRXW VLJQLILFDQW XVHU FRVW DQG   WR
SURGXFH D XWLOLW\ IXQFWLRQ ZKLFK ZLOO DOORZ WKH DSSOLFDWLRQ WR UHFHLYH
SK\VLRORJLFDOIHHGEDFNRQWKHXVHU



,QWURGXFWLRQ

7K QXPEHU RI QHWZRUNHG PXOWLPHGLD DSSOLFDWLRQV OLNH PXOWLPHGLD FRQIHUHQFLQJ
00& LQFUHDVHVFRQVWDQWO\00&IDFLOLWDWHVFRPPXQLFDWLRQEHWZHHQWZRRUPRUH
XVHUV WKURXJK DXGLR YLGHR DQG VKDUHG ZRUNVSDFH WRROV LQ UHDO WLPH ,W LV EHFRPLQJ
PRUHZLGHVSUHDGGXHWRIDOOLQJFRVWVRIWKH KDUGZDUHUHTXLUHGDQGLPSURYHPHQWVLQ
QHWZRUNV 00& LV YLHZHG DV YDOXDEOH LQ D ODUJH QXPEHU RI DUHDV VXFK DV GLVWDQFH
OHDUQLQJDQGGLVWULEXWHGSURMHFWFROODERUDWLRQ
,W LV SRVVLEOH WR VHQG DQG UHFHLYH DXGLR DQG YLGHR RI D KLJK TXDOLW\ \HW WKLV
SRWHQWLDOO\JLYHVULVHWRDQLQFUHDVHLQLWVILQDQFLDOFRVWIRUWKHXVHUZKRZLOOQRWZDQW
WRSD\PRUHWKDQLVQHHGHGIRUWKLVPHGLXPRIFRPPXQLFDWLRQ7KHUHIRUHWKHOHYHOV
RI PHGLDTXDOLW\ WKDW DOORZ XVHUV WR FRPSOHWH WKHLU WDVN HIIHFWLYHO\ DQG FRPIRUWDEO\
DUHHVVHQWLDOLQIRUPDWLRQIRUQHWZRUNSURYLGHUVDQGDSSOLFDWLRQGHVLJQHUV
$W SUHVHQW WKH PRVW FRPPRQ ZD\ RI DVVHVVLQJ PXOWLPHGLD TXDOLW\ XWLOLVHV
VXEMHFWLYHDVVHVVPHQW+RZHYHUUHO\LQJRQWKLVDORQHKDVGUDZEDFNV7KHUHIRUHWKLV
SDSHU SUHVHQWV D QHZ PHWKRG WR DVVHVV WKH TXDOLW\ RI QHWZRUNHG DSSOLFDWLRQV
SK\VLRORJLFDOLQGLFDWRUVRIVWUHVVWRPHGLDTXDOLW\DUHEHLQJPHDVXUHGDVDQLQGLFDWRU
RI XVHU FRVW 7KHVH PHDVXUHPHQWV DUH WDNHQ DV SDUW RI D WUDGLWLRQDO +&, +XPDQ
$03DLYD (G $IIHFWLYH,QWHUDFWLRQV/1$,SS
©6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ

*LOOLDQ0:LOVRQDQG0$QJHOD6DVVH

&RPSXWHU ,QWHUDFWLRQ  DVVHVVPHQW IUDPHZRUN WKDW DOVR LQFOXGHV PHDVXUHV RI WDVN
SHUIRUPDQFHDQGXVHUVDWLVIDFWLRQ8VLQJWKLVDSSURDFKZLOOJLYHDEHWWHULQGLFDWLRQRI
TXDOLW\ WKUHVKROGV UHTXLUHG E\ XVHUV ,Q DGGLWLRQ WKHUH LV WKH SRVVLELOLW\ RI IHHGLQJ
UHDOWLPHSK\VLRORJLFDOGDWDLQWRWKHDSSOLFDWLRQZKLFKFRXOGWKHQPRGLI\LWVHOILIWKH
XVHUZDVXQGHUVWUHVV7KXVSURYLGLQJDQµDIIHFWLYH¶LQWHUDFWLRQEHWZHHQWKHFRPSXWHU
DQGXVHU



$VVHVVPHQWRI0HGLD4XDOLW\

7KH,78 ,QWHUQDWLRQDO7HOHFRPPXQLFDWLRQV8QLRQ VXEMHFWLYHUDWLQJVFDOHVDUHPRVW
FRPPRQO\XVHGWRDVVHVVTXDOLW\LQWKLVDUHD7KHVHLQYROYHDVKRUWVHFWLRQRIPDWHULDO
EHLQJ SOD\HG DIWHU ZKLFK D SRLQW TXDOLW\LPSDLUPHQW UDWLQJ VFDOH LV DGPLQLVWHUHG
DQG D 0HDQ 2SLQLRQ 6FRUH 026  FDOFXODWHG +RZHYHU UHFHQW UHVHDUFK KDV UDLVHG
FRQFHUQV DERXW WKHLU HIIHFWLYHQHVV LQ HYDOXDWLQJ PXOWLPHGLD VSHHFK >@ DQG YLGHR
7KHPDLQSUREOHPVDUH
•
•
•
•

•

7KHVFDOHVDUHRQHGLPHQVLRQDOWKXVWKH\WUHDWTXDOLW\DVEHLQJXQLGLPHQVLRQDO
7KLVDSSURDFKLVTXHVWLRQDEOHDVWKHUHDUHPDQ\IDFWRUVZKLFKDUHUHFRJQLVHGWR
FRQWULEXWHWRXVHUVSHUFHSWLRQRIDXGLR>@DQGYLGHR>@TXDOLW\
7KH\ZHUHGHVLJQHGWRUDWHWROOTXDOLW\DXGLRDQGKLJKTXDOLW\YLGHR00&DXGLR
DQGYLGHRDUHVXEMHFWWRXQLTXHLPSDLUPHQWV
7KHVFDOHVDUHPRVWO\FRQFHUQHGZLWKGHWHUPLQLQJLIDYLHZHUOLVWHQHUFDQGHWHFW
D SDUWLFXODU GHJUDGDWLRQ LQ TXDOLW\ ZKHUHDV ZLWK 00& LW LV PRUH LPSRUWDQW WR
GHWHUPLQHLIWKHTXDOLW\LVJRRGHQRXJKIRUWKHWDVN
7KH VKRUW GXUDWLRQ RI WKH VFDOHV PHDQV WKDW WKHUH LV QRW WKH RSSRUWXQLW\ IRU WKH
YLHZHUOLVWHQHU WR H[SHULHQFH DOO WKH GHJUDGDWLRQV WKDW LPSDFW XSRQ 00&
6XEVHTXHQWO\DG\QDPLFUDWLQJVFDOHIRUYLGHRLVQRZUHFRPPHQGHGE\WKH,78
,78%7 >@LQRUGHUWRDFFRXQWIRUFKDQJHVLQQHWZRUNFRQGLWLRQV
7KH YRFDEXODU\ RQ WKH VFDOHV ([FHOOHQW *RRG )DLU 3RRU %DG  LV
XQUHSUHVHQWDWLYH RI 00& TXDOLW\ DQG WKH VFDOHV DUH QRW LQWHUYDO LQ PDQ\
ODQJXDJHVWKHUHIRUHVFRUHVREWDLQHGFDQEHPLVOHDGLQJ

,QRUGHUWRDGGUHVVWKHVHSUREOHPVDQXQODEHOOHGUDWLQJVFDOHZDVGHYLVHG>@DQG
VWXGLHV VKRZHG WKDW XVHUV ZHUH FRQVLVWHQW LQ WKHLU TXDOLW\ UDWLQJV XVLQJ WKH VFDOH $
G\QDPLFVRIWZDUHYHUVLRQRIWKLVVFDOHZDVVXEVHTXHQWO\GHYHORSHG48$66 48DOLW\
$6VHVVPHQW 6OLGHU  ZKLFK IDFLOLWDWHV WKH FRQWLQXRXV UDWLQJ RI WKH TXDOLW\ RI D
PXOWLPHGLDFRQIHUHQFH>@7KHGUDZEDFNZLWKWKLVPHWKRGLVWKDWFRQWLQXRXVUDWLQJ
FDQUHVXOWLQWDVNLQWHUIHUHQFH
7KHUH DUH DOVR IXQGDPHQWDO SUREOHPV DVVRFLDWHG ZLWK VXEMHFWLYH DVVHVVPHQW
PHWKRGVZKLFKFHQWHURQWKHIDFWWKDWWKH\DUHFRJQLWLYHO\PHGLDWHG)RUH[DPSOHLW
ZDVGLVFRYHUHGWKDW XVHUVDFFHSWHGVLJQLILFDQWO\ORZHUOHYHOVRI PHGLD TXDOLW\ ZKHQ
ILQDQFLDO FRVW ZDV DWWDFKHG WKH DFFHSWHG TXDOLW\ OHYHOV ZHUH EHORZ WKH WKUHVKROG
SUHYLRXVO\ HVWDEOLVKHG DV QHFHVVDU\ IRU WKH WDVN >@ $QRWKHU H[DPSOH RI FRJQLWLYH
PHGLDWLRQZDVJLYHQE\:LOVRQ 'HVFDPSV>@ZKRVKRZHGWKDWWKHOHYHORIWDVN
GLIILFXOW\FDQDIIHFWWKHUDWLQJJLYHQWRYLGHRTXDOLW\WKHVDPHYLGHRTXDOLW\UHFHLYHG
DORZHUTXDOLW\UDWLQJZKHQWKHWDVNZDVGLIILFXOW7KHUHIRUHLWFDQEHFRQFOXGHGWKDW

/LVWHQWR<RXU+HDUW5DWH&RXQWLQJWKH&RVWRI0HGLD4XDOLW\

XVHUVPD\QRWDOZD\VEHDEOHWRDFFXUDWHO\GHWHUPLQHMXGJHWKH TXDOLW\WKH\QHHGWR
FRPSOHWHDSDUWLFXODUWDVNZKHQFRQWH[WXDOYDULDEOHVDUHRSHUDWLQJ
)LQDOO\.QRFKHHWDO>@DUJXHWKDWVXEMHFWLYHPHWKRGVDUHIXQGDPHQWDOO\IODZHG
DVLWLVQRWSRVVLEOHIRUSHRSOHWRUHJLVWHUZKDWWKH\GRQRWFRQVFLRXVO\SHUFHLYHWKXV
WKH\UHFRPPHQGWKDWPHDVXUHVRIWDVNSHUIRUPDQFHDUHXVHGWRGHWHUPLQHKRZJRRG
RU EDG TXDOLW\ LV :H EHOLHYH WKDW ZKLOVW ERWK VXEMHFWLYH DVVHVVPHQWV RI XVHU
VDWLVIDFWLRQ DQG WDVN SHUIRUPDQFH DUH H[WUHPHO\ LPSRUWDQW LQ WKH HYDOXDWLRQ RI
PXOWLPHGLD TXDOLW\ WR UHO\ VROHO\ RQ RQH PHWKRG ZRXOG EH IODZHG 7KHUHIRUH ZH
KDYH DGRSWHG WKH WUDGLWLRQDO +&, DSSURDFK RI PHDVXULQJ WDVN SHUIRUPDQFH XVHU
VDWLVIDFWLRQDQGXVHUFRVW



2EMHFWLYH0HDVXUHVRI8VHUV¶5HVSRQVHVWR4XDOLW\

:H VHW RXW WR LQYHVWLJDWH WKH XVH RI REMHFWLYH PHWKRGV WR LGHQWLI\ ZKHQ LQDGHTXDWH
PHGLDTXDOLW\LVFDXVLQJVWUHVVWKLVW\SHRIPHDVXUHPHQWLVNQRZQLQ+&,DVXVHUFRVW
DQGKDVODUJHO\EHHQQHJOHFWHGLQWKLVDUHD7KXVKHUHXVHUFRVWLVGHILQHGDVVWUHVV
6WUHVVLVDGLVUXSWLRQLQWKHKRPHRVWDVLVRIDQLQGLYLGXDOGXHWRGLVDJUHHDEOHVWLPXOL
,I D XVHU LV SHUIRUPLQJ D WDVN XQGHU ORZ TXDOLW\ DXGLR DQG YLGHR KHVKH PXVW
H[SHQGH[WUDHIIRUWDWWKHSHUFHSWXDOOHYHOLQRUGHUWRGHFRGH WKHLQIRUPDWLRQ,I WKH
XVHU KDV GLIILFXOW\ LQ GHFRGLQJ WKLV LQIRUPDWLRQ WKHQ WKH\ VKRXOG H[SHULHQFH
GLVFRPIRUW RU VWUHVV HYHQ LI WKH\ FDQ VWLOO FRPSOHWH WKHLU WDVN ,W LV OLNHO\ WKDW DQ\
HIIHFWRQWDVNSHUIRUPDQFHDQGXVHUVDWLVIDFWLRQZRXOGRQO\DULVHLQWKHORQJWHUPDV
SHRSOHPD\QRWUHDOLVHWKDWWKH\DUHXQGHUVWUHVVLQVKRUWODEEDVHGH[SHULPHQWVZKHQ
HQJDJHGLQDWDVN VHHVHFWLRQ 
6WUHVV LV EHLQJ H[DPLQHG IRU WKH IROORZLQJ UHDVRQV )LUVWO\ LW LV DQ LQVWDQW
XQFRQVFLRXV DQG DXWRPDWLF PHFKDQLVP WKDW LV QRW XQGHU WKH LQIOXHQFH RI FRJQLWLYH
PHGLDWLRQ 6HFRQGO\ LWV PHDVXUHPHQW SK\VLRORJLFDOO\ GRHV QRW LQWHUIHUH ZLWK WDVN
FRPSOHWLRQ7KLUGO\VWUHVVLVZLGHVSUHDGLQWKHZRUNSODFHWKXVDQ\DWWHPSWWRUHGXFH
LWV DPRXQW LV EHQHILFLDO )LQDOO\ VWUHVV FDQ KDYH D YHU\ QHJDWLYH LPSDFW RQ SHRSOH
HVSHFLDOO\WKRVHZKRVXIIHUIURPFKURQLFVWUHVV6XFKSURORQJHGVWUHVVFDQJLYHULVHWR
LOOQHVVE\KDYLQJDQLPSDFWRQWKHLPPXQHV\VWHP


7KH0HDVXUHPHQWRI6WUHVV

7R PHDVXUH VWUHVV WKH IROORZLQJ VLJQDOV KDYH EHHQ DGRSWHG %ORRG 9ROXPH 3XOVH
%93  +HDUW 5DWH +5  DQG *DOYDQLF 6NLQ 5HVLVWDQFH *65  7KHVH VLJQDOV ZHUH
FKRVHQDVWKH\DUHXQREWUXVLYHDUHJRRGLQGLFDWRUVRIVWUHVVDQGDUHHDV\WRPHDVXUH
ZLWKVSHFLDOLVHGHTXLSPHQW VHHVHFWLRQ 
7KHQHUYRXVV\VWHPRIKXPDQVLVVHSDUDWHGLQWRWKHFHQWUDOQHUYRXVV\VWHP &16
DQG WKH SHULSKHUDO QHUYRXV V\VWHP 316  7KH 316 FRPSULVHV WKH VRPDWLF QHUYRXV
V\VWHP 616 DQGWKHDXWRQRPLFQHUYRXVV\VWHP $16 7KHVHERWKLQWHUDFWZLWKWKH
&16 7KH IXQFWLRQ RI WKH 616 LV WR FDUU\ WKH PHVVDJHV WR DQG IURP WKH PXVFOHV
FRQWUROOLQJ WKH VNHOHWRQ ZKHUHDV WKH $16 FDUULHV PHVVDJHV WR DQG IURP WKH ERG\¶V
LQWHUQDORUJDQV

*LOOLDQ0:LOVRQDQG0$QJHOD6DVVH

,WLVWKH$16WKDWLVFRQFHUQHGZLWKWKHUHJXODWLRQRILQWHUQDOVWUXFWXUHVZKLFKDUH
VPRRWK PXVFOH LH LQ EORRG YHVVHOV DQG VNLQ KHDUW PXVFOH DQG JODQGV $XWRQRPLF
PHDQV µVHOIUHJXODWLQJ¶ WKXV GHVFULELQJ WKH IDFW WKDW PRVW RI LWV VWUXFWXUHV DUH QRW
XQGHU FRQVFLRXV FRQWURO 7KH $16 LV GLYLGHG LQWR WKH V\PSDWKHWLF DQG WKH
SDUDV\PSDWKHWLFGLYLVLRQV
7KH V\PSDWKHWLF GLYLVLRQ DFWLYDWHV WKH ERG\¶V HQHUJHWLF UHVSRQVHV :KHQ IDFHG
ZLWKDVWUHVVIXOVLWXDWLRQWKH&16ZLOOPDNHWKHFRQVFLRXVGHFLVLRQZKHUHDVWKH$16
LPPHGLDWHO\PRELOLVHVLWVHOIZLWKRXWWKHQHHGIRUFRQVFLRXVLQVWUXFWLRQ7KLVLVRIWHQ
UHIHUHHGWRDVWKHµILJKWRUIOLJKW¶UHVSRQVH>@7KHV\PSDWKHWLFGLYLVLRQSUHSDUHVWKH
ERG\ IRU DFWLRQ E\ HJ VSHHGLQJ XS WKH KHDUW UDWH GLODWLQJ WKH ZDOOV RI WKH EORRG
YHVVHOVWRVSHHGXSEORRGIORZWRWKHOLPEVDQGUHOHDVLQJJOXFRVHLQWRWKHEORRGVWUHDP
IRUHQHUJ\7KHVHDFWLRQVDUHUHLQIRUFHGE\WKHHQGRFULQHV\VWHPEHFDXVHV\PSDWKHWLF
QHUYHVDOVRGLUHFWO\VWLPXODWHWKHDGUHQDOJODQGVWRUHOHDVHDGUHQDOLQH
:KHQWKHVWUHVVIXOVLWXDWLRQKDVSDVVHGWKHSDUDV\PSDWKHWLFGLYLVLRQWDNHVRYHUWR
UHVWRUH WKH ERG\¶V EDODQFH 7KH SXUSRVH RI WKLV LV WR FRQVHUYH WKH ERG\¶V UHVRXUFHV
7KHUHIRUHLWSURPSWVVDOLYDWLRQDQGJDVWULFPRYHPHQWVDQGHQFRXUDJHVEORRGIORZWR
WKHJDVWURLQWHVWLQDOV\VWHPDQGVWRUDJHRIJOXFRVHE\WKHOLYHU


:KDW+DSSHQVWR7KHVH5HVSRQVHVXQGHU6WUHVV"

+HDUWUDWHLVYLHZHGDVDYDOXDEOHLQGLFDWRURIRYHUDOODFWLYLW\OHYHOZLWKDKLJKKHDUW
UDWHEHLQJDVVRFLDWHGZLWKDQDQ[LRXVVWDWHDQGYLFHYHUVD>@6H\OH>@KDVOLQNHG
*65WRVWUHVVDQG$16DURXVDO*65LVDOVRNQRZQWREHWKHIDVWHVWDQGPRVWUREXVW
PHDVXUHRIVWUHVV>@ZLWKDQLQFUHDVHLQ*65EHLQJDVVRFLDWHGZLWKVWUHVV%93LVDQ
LQGLFDWRURIEORRGIORZWKH%93ZDYHIRUPH[KLELWVWKHFKDUDFWHULVWLFSHULRGLFLW\RI
WKHKHDUWEHDWLQJHDFKEHDWRIWKHKHDUWIRUFHVEORRGWKURXJKWKHYHVVHOV7KHRYHUDOO
HQYHORSHRIWKHZDYHIRUPSLQFKHVZKHQDSHUVRQLVVWDUWOHGIHDUIXORUDQ[LRXVWKXVD
GHFUHDVHLQ%93DPSOLWXGHLVLQGLFDWLYHRIDSHUVRQXQGHUVWUHVVDQGYLFHYHUVD
8QGHUVWUHVV+5ULVHVLQRUGHUWRLQFUHDVHEORRGIORZWRWKHZRUNLQJPXVFOHVWKXV
SUHSDULQJWKHERG\IRUWKHµILJKWRUIOLJKW¶UHVSRQVH*65LQFUHDVHVXQGHUVWUHVVWKH
SUHFLVH UHDVRQ WKLV KDSSHQV LV QRW NQRZQ 2QH WKHRU\ LV WKDW LW RFFXUV LQ RUGHU WR
WRXJKHQ WKH VNLQ WKXV SURWHFWLQJ LW DJDLQVW PHFKDQLFDO LQMXU\ >@ DV LW KDV EHHQ
REVHUYHGWKDWVNLQLVGLIILFXOW WR FXW XQGHU SURIXVH VZHDWLQJ >@ $ VHFRQG WKHRU\ LV
WKDW*65LQFUHDVHVWRFRROWKHERG\LQSUHSDUDWLRQIRUWKHSURMHFWHGDFWLYLW\RIµILJKW
RUIOLJKW¶%93GHFUHDVHVXQGHUVWUHVV7KHIXQFWLRQRIWKLVLV WR GLYHUW EORRG WR WKH
ZRUNLQJ PXVFOHVLQRUGHUWRSUHSDUHWKHP IRUDFWLRQ7KLV PHDQV WKDW EORRG IORZ LV
UHGXFHGWRWKHH[WUHPLWLHVOLNHDILQJHURUDWRH


+RZ$UH7KHVH5HVSRQVHV%HLQJ0HDVXUHG"

7KH HTXLSPHQW EHLQJ XVHG WR PHDVXUH WKH SK\VLRORJLFDO UHVSRQVHV LV FDOOHG WKH
3UR&RPSDQGLVPDQXIDFWXUHGE\7KRXJKW7HFKQRORJ\/WG>@,WFDQPRQLWRUXSWR
HLJKWFKDQQHOVVLPXOWDQHRXVO\WKXVWKHRSWLRQLVWKHUHIRUWKLVUHVHDUFKWREXLOGRQWKH
PHDVXUH VHW FXUUHQWO\ EHLQJ XVHG $GGLWLRQDOO\ WKH 3UR&RPS FDQ EH XVHG IRU
ELRIHHGEDFN VHHVHFWLRQ ,QRUGHUWRPHDVXUH*65WZRVLOYHUFKORULGHHOHFWURGHV

/LVWHQWR<RXU+HDUW5DWH&RXQWLQJWKH&RVWRI0HGLD4XDOLW\

DUH SODFHG RQ DGMDFHQW ILQJHUV DQG DQ LPSHUFHSWLEOH VPDOO YROWDJH LV DSSOLHG 7KH
VNLQ¶V FDSDFLW\ WR FRQGXFW WKH FXUUHQW LV PHDVXUHG 7KH WHFKQLTXH RI
SKRWRSOHWK\VPRJUDSK\LVXVHGWRPHDVXUH+5DQG%937KLVLQYROYHVDVHQVRUEHLQJ
DWWDFKHGWRDILQJHURUDWRH7KHVHQVRUDSSOLHVDOLJKWVRXUFHDQGWKHOLJKWUHIOHFWHG
E\WKHVNLQLVPHDVXUHG$WHDFKFRQWUDFWLRQRIWKHKHDUWEORRGLVIRUFHGWKURXJKWKH
SHULSKHUDO YHVVHOV ZKLFK SURGXFHV DQ HQJRUJHPHQW RI WKH YHVVHO XQGHU WKH OLJKW
VRXUFH 7KXV WKH YROXPH DQG UDWH DW ZKLFK EORRG LV SXPSHG WKURXJK WKH ERG\ DUH
GHWHFWHG



5HVHDUFK4XHVWLRQV

7KHUH DUH PDQ\ LVVXHV WKLV UHVHDUFK LV WDFNOLQJ )LUVWO\ ZKDW DVSHFWV RI REMHFWLYH
TXDOLW\GHOLYHUHGFDQEHVWUHVVIXO")DFWRUVDIIHFWLQJDXGLRDQGYLGHRTXDOLW\GXHWRWKH
QHWZRUNOLNHSDFNHWORVVZLOOEHLQYHVWLJDWHGDORQJZLWKYDULDEOHVGHSHQGHQWRQWKH
HQGV\VWHPVXFKDVWKHFRORUGHSWKRIYLGHR
6HFRQGO\KRZFDQVWUHVVDQGHPRWLRQVVXFKDVH[FLWHPHQWDERXWWKHVLWXDWLRQRU
WDVNEHVHSDUDWHGLQDQH[SHULPHQW"7KLVLVDSUREOHPDVWKH SK\VLRORJLFDOSDWWHUQV
DFFRPSDQ\LQJ HPRWLRQV KDYH QRW EHHQ PDSSHG >@ \HW UHFHQW UHVHDUFK DW 0,7
VKRZHG WKDW WKH SK\VLRORJLFDO UHVSRQVHV RI HLJKW HPRWLRQV FDQ EH GLVWLQJXLVKHG
EHWZHHQ ZLWK  DFFXUDF\ >@ ZKLFK LV DQ HQFRXUDJLQJ UHVXOW +RZHYHU LQ WKH
H[SHULPHQWVXVHGLQWKLVUHVHDUFKZHQHHGWRHQVXUHWKDWDQ\VWUHVVREVHUYHGLVGXHWR
WKH TXDOLW\ DV RSSRVHG WR DQ\ RWKHU IDFWRUV 7R DGGUHVV WKLV ZH XVH WKH IROORZLQJ
PHWKRGV
•
•
•
•

%DVHOLQHUHVSRQVHVDUHPHDVXUHGIRUILIWHHQPLQXWHVSULRUWRDQ\H[SHULPHQWDWLRQ
VRWKDWDµFRQWURO¶VHWRIGDWDLVDYDLODEOHZLWKZKLFKWRFRPSDUHUHVSRQVHVXQGHU
TXDOLW\OHYHOVDQGWRDOORZWKHVHQVRUVDQGPHDVXUHPHQWVWRVHWWOHGRZQ
7KHILUVWILYHPLQXWHVRISK\VLRORJLFDOUHVSRQVHVLQH[SHULPHQWVDUHGLVFDUGHGLQ
RUGHU WR HQVXUH WKDW WKH FKDQJH IURP EDVHOLQH PHDVXUHPHQWV EHLQJ WDNHQ WR WKH
H[SHULPHQWFRPPHQFLQJLVQRWDIIHFWLQJUHVXOWV
7KHHQYLURQPHQWRIWKHH[SHULPHQWLVKHOGFRQVWDQWWRHQVXUHWKDWHYHQWVVXFKDV
WKHSKRQHULQJLQJDUHQRWDIIHFWLQJXVHUV
7KHWDVNVXVHGDUHFDUHIXOO\GHVLJQHGWRHQVXUHWKDWWKH\DUHQRWRYHUO\VWUHVVIXO
\HWUHPDLQHQJDJLQJ

7KLUGO\ ZKDW SK\VLRORJLFDO YDOXHV LQGLFDWH WKDW D XVHU LV XQGHU VWUHVV" 7KH
UHVSRQVHV WKDW DUH VLJQLILFDQWO\ GLIIHUHQW IURP WKH EDVHOLQH PHDVXUHPHQWV DQG LQ WKH
GLUHFWLRQRIVWUHVVDUHWDNHQWRLQGLFDWHWKDWWKHXVHULVXQGHUVWUHVV7KLVDFFRXQWVIRU
WKH IDFW WKDW HYHU\RQH KDV GLIIHUHQW SK\VLRORJLFDO UHVSRQVHV DQG EDVHOLQH YDOXHV 7R
FURVVYDOLGDWHUHVXOWVZHXWLOLVHVXEMHFWLYHDVVHVVPHQWWRGHWHUPLQHLIWKHSDUWLFLSDQWV
VD\WKH\IHOWXQGHUVWUHVVGXULQJWKHH[SHULPHQW
)RXUWKO\FDQVWUHVVHYHUEHYLHZHGDVEHQHILFLDOWRSHUIRUPDQFH",WKDVEHHQIRXQG
WKDW VWUHVV LQ VRPH VLWXDWLRQV FDQ DFWXDOO\ HQKDQFH SHUIRUPDQFH HJ E\ LPSURYLQJ
PHPRU\ GXH WR WKH IDFLOLWDWRU\ HIIHFWV RI DGUHQDOLQH >@ 7KHUHIRUH LW FRXOG EH
DUJXHG WKDW VWUHVV PLJKW EH EHQHILFLDO LQ D ZRUNLQJ HQYLURQPHQW +RZHYHU D
WHFKQRORJ\ ZLWK ZKLFK SHRSOH FRPH LQWR FRQWDFW HYHU\ GD\ DQG RQH ZKLFK FDXVHV

*LOOLDQ0:LOVRQDQG0$QJHOD6DVVH

VWUHVV LV QHJDWLYH SHRSOH FDQQRW IXQFWLRQ HIIHFWLYHO\ XQGHU VWUHVV IRU D SURORQJHG
SHULRG DQG LW FDQ DFWXDOO\ EH KDUPIXO WR WKH ERG\ VHFWLRQ   DQG SHUIRUPDQFH HJ
SURORQJHGVWUHVVFDQGHYDVWDWHH[SOLFLWPHPRU\>@
)LIWKO\ KRZ LV VWUHVV UHODWHG WR HPRWLRQV" 7KLV TXHVWLRQ LV RQH ZKLFK LV XQGHU
FRQWHQWLRXV GHEDWH DW SUHVHQW \HW IRU RXU UHVHDUFK WKLV LV QRW RI SDUDPRXQW
LPSRUWDQFH :KLOVW LW LV D YHU\ VLJQLILFDQW DQG LQWHUHVWLQJ LVVXH ZH DUH PRUH
FRQFHUQHGZLWKWKHSK\VLRORJLFDOGHWHFWLRQRIVWUHVVDQGWKHLPSOLFDWLRQVWKLVKDVIRU
PHGLD TXDOLW\ UHTXLUHPHQWV GHWHUPLQLQJ LI LW LV DQ HPRWLRQ LV QRW FULWLFDO IRU WKLV
SXUSRVH
)LQDOO\ LV WKLV D UHOLDEOH ZD\ WR PHDVXUH XVHU FRVW"  2QO\ IXUWKHU UHVHDUFK ZLOO
SURYLGHWKHDQVZHU



$IIHFWLYH&RPSXWLQJ

$IIHFWLYH FRPSXWLQJ LV D ILHOG FXUUHQWO\ DWWUDFWLQJ LQWHUHVW 7KH WHUP UHIHUV WR
FRPSXWLQJ WKDW LV ³UHODWHG WR DULVHV IURP RU GHOLEHUDWHO\ LQIOXHQFHV HPRWLRQV´ >@
7KHPDLQIRFXVLVWRFUHDWHFRPSXWHUV\VWHPVWKDWFDQLGHQWLI\FRPSUHKHQGDQGHYHQ
µKDYH¶ KXPDQ HPRWLRQV DV LW LV QRZ DFFHSWHG WKDW HPRWLRQV DUH FULWLFDO LQ DFWLYLWLHV
VXFKDVGHFLVLRQ PDNLQJSHUFHSWLRQDQGOHDUQLQJ5HVHDUFKLQWREXLOGLQJFRPSXWHUV
ZLWK WKHVH DWWULEXWHV LV EHLQJ FRQGXFWHG DW WKH 0HGLD /DERUDWRU\ RI 0,7
0DVVDFKXVHWWV,QVWLWXWHRI7HFKQRORJ\ 
7KHPDLQDUHDRIUHOHYDQFHRI$IIHFWLYH&RPSXWLQJWRWKLVUHVHDUFKLVLQWKHDUHD
RIVHQVLQJKXPDQHPRWLRQV5HVHDUFKHUVLQWKH0HGLD/DELH>@DUHDWWHPSWLQJWR
EXLOGZHDUDEOHFRPSXWHUVXVLQJGLVFUHWHOLJKWZHLJKWVHQVRUVWKDWFDQEHZRUQIRUORQJ
SHULRGV RI WLPH ZLWKRXW GLVFRPIRUW 6XFK D GHYHORSPHQW ZRXOG EH H[WUHPHO\
EHQHILFLDO WR WKLV UHVHDUFK DV LW ZRXOG DOORZ WKH ORQJWHUP PRQLWRULQJ RI XVHUV
SK\VLRORJLFDO UHVSRQVHV LQ ILHOG WULDOV LQ DQ LQFRQVSLFXRXV PDQQHU $GGLWLRQDOO\ LW
ZRXOGDOORZWKHFRPSXWHUWRREWDLQFRQWLQXRXVSK\VLRORJLFDOLQIRUPDWLRQRQWKHVWDWH
RI WKH XVHU XSRQ ZKLFK LW FRXOG WKHQ DFW VHH VHFWLRQ   ,PSRUWDQWO\ WKH UHVHDUFK
EHLQJ FRQGXFWHG DW 0,7 LV SURPRWLQJ WKH XVH RI SK\VLRORJLFDO PHDVXUHPHQWV DV
LQGLFDWRUVRIVWUHVV




([SHULPHQWDO'DWD
3LORW7ULDO

$VDVWDUWLQJSRLQWWRWKHUHVHDUFKDVPDOOSLORWWULDOZDVFRQGXFWHGWRGHWHUPLQHLILW
ZRXOGEHSRVVLEOHWRGHWHFWSRRUDXGLRTXDOLW\SK\VLRORJLFDOO\3DUWLFLSDQWVOLVWHQHGWR
DXGLR VHJPHQWV WKDW KDG YDU\LQJ ORVV UDWHV *65 %93 DQG +5 ZHUH PHDVXUHG
WKURXJKRXW WKH WULDO :H K\SRWKHVLVHG WKDW +5 DQG *65 ZRXOG EH KLJKHVW ZKHUHDV
%93ZRXOGEHORZHVWLQWKHFRQGLWLRQZLWKWKHZRUVWORVVUDWHVWKXVLQGLFDWLQJVWUHVV
,WZDVQRWYDOLGWRSHUIRUPVWDWLVWLFDODQDO\VHVDVWKHUHZHUHRQO\VL[SDUWLFLSDQWV
+RZHYHU WKH PHDQ UHVSRQVHV VKRZHG WKDW *65 DQG +5 UHVSRQGHG DV SUHGLFWHG
ZKHUHDV %93 GLG QRW 7KLV UHVXOW LOOXVWUDWHG WKDW LW ZDV SRVVLEOH WR REWDLQ

/LVWHQWR<RXU+HDUW5DWH&RXQWLQJWKH&RVWRI0HGLD4XDOLW\

SK\VLRORJLFDO UHVSRQVHV WR SRRU DXGLR TXDOLW\ IURP DW OHDVW WZR RI WKH VLJQDOV EHLQJ
XVHG +RZHYHU ZRXOG VWDWLVWLFDOO\ VLJQLILFDQW UHVXOWV DULVH LQ D IXOO H[SHULPHQW DQG
RQHWKDWH[DPLQHGYLGHR",WLVDFFHSWHGWKDWLQPXOWLPHGLDFRQIHUHQFHVDXGLRSOD\V
WKHPRUHLPSRUWDQWUROH>@


)XOO([SHULPHQW

$QGHUVRQHWDO>@XVHGVXEMHFWLYHDVVHVVPHQWVDQGPHDVXUHVRI WDVNSHUIRUPDQFHWR
GHWHUPLQHLIXVHUVFRXOGGHWHUPLQHWKHGLIIHUHQFHEHWZHHQDQGYLGHRIUDPHVSHU
VHFRQG ISV ZKHQWKH\ZHUHXQGHUWDNLQJDQHQJDJLQJWDVN5HVXOWVVKRZHGWKDWXVHUV
GLG QRW QRWLFH WKH FKDQJH LQ IUDPH UDWH DQG LW KDG QR HIIHFW RQ WDVN SHUIRUPDQFH
+RZHYHU2¶0DOOH\HWDO>@IRXQGWKDWWKHVDPHGLIIHUHQFHLVQRWLFHGZKHQWKHGDWD
DUH VKRUW YLGHR FOLSV SOD\HG LVRODWLRQ ,I XVHUV GR QRW QRWLFH WKH GLIIHUHQFH LQ IUDPH
UDWH ZKHQ HQJDJHG LQ D WDVN GRHV WKLV LPSO\ WKDW LW KDV QR HIIHFW RQ WKHP" 6XFK D
ILQGLQJZRXOGKDYHSRVLWLYHLPSOLFDWLRQVIRUWKHVDYLQJRIEDQGZLGWK
7RLQYHVWLJDWHWKLVLVVXHDQ H[SHULPHQW ORRNLQJ DW WZR IUDPH UDWHV  DQG  ISV
LQFUHDVLQJ WKH TXDOLW\ GLIIHUHQFH XVHG LQ >@  KDV WDNHQ SODFH 7ZHQW\IRXU
SDUWLFLSDQWVZDWFKHGWZRUHFRUGHGLQWHUYLHZVFRQGXFWHGXVLQJ,3 ,QWHUQHW3URWRFRO
YLGHRFRQIHUHQFLQJ WRROV RQ D KLJKTXDOLW\ FRPSXWHU VFUHHQ 7KH LQWHUYLHZV ZHUH
EHWZHHQ D XQLYHUVLW\ DGPLVVLRQV WXWRU DQG VFKRRO SXSLOV ZKR SOD\HG WKHPVHOYHV LQ
VFULSWHGLQWHUYLHZV7KHVFULSWZDVGHVLJQHGZLWKWKHDVVLVWDQFHRIDQDGPLVVLRQVWXWRU
DQG DLPHG WR HPXODWH FRPPRQ H[FKDQJHV RI LQIRUPDWLRQ LQ VXFK LQWHUYLHZV ZKLOVW
NHHSLQJWKHFRQWHQWPLQLPDOO\VWUHVVIXO
7KH LQWHUYLHZV ODVWHG ILIWHHQ PLQXWHV HDFK 3DUWLFLSDQWV VDZ WZR LQWHUYLHZV DW
ISVRUISVZKHUHHDFKIUDPHUDWHZDVKHOGIRUILYHPLQXWHVDQGZHUH
DVNHG WR PDNH D MXGJHPHQW RQ WKH VXLWDELOLW\ RI WKH FDQGLGDWHV 7KH IUDPH UDWH
FKDQJHG WZLFH WR HQVXUH WKDW QR H[SHFWDQF\ HIIHFW ZRXOG DULVH $XGLR TXDOLW\ ZDV
JRRGDQGGLGQRWFKDQJH
3DUWLFLSDQWV UDWHG WKH DXGLRYLGHR TXDOLW\ XVLQJ WKH 48$66 WRRO $IWHU WKH
LQWHUYLHZV D TXHVWLRQQDLUH ZDV DGPLQLVWHUHG 7KLV DGGUHVVHG KRZ SDUWLFLSDQWV IHOW
GXULQJWKHH[SHULPHQWDQGWKHLURSLQLRQVRQWKHTXDOLW\3K\VLRORJLFDOPHDVXUHPHQWV
ZHUHWDNHQWKURXJKRXWWKHH[SHULPHQW:HSRVLWHGWKHIROORZLQJK\SRWKHVHV
 7KHUH ZLOO EH GLIIHUHQW SK\VLRORJLFDO UHVSRQVHV WR WKH WZR IUDPH UDWHV ISV ZLOO
FDXVHPRUHVWUHVV
 3DUWLFLSDQWVZLOOQRWUHJLVWHUWKHIUDPHUDWHFKDQJHVXEMHFWLYHO\
7WHVWVZHUHSHUIRUPHGRQWKHSK\VLRORJLFDOGDWDRISDUWLFLSDQWVPHDQ*65
+5 DQG %93 VKRZHG D VWDWLVWLFDOO\ VLJQLILFDQW LQFUHDVH LQ VWUHVV DW  ISV *65
S  +5 S  %93 S   )LJXUH  VKRZV WKH PHDQ KHDUW UDWH RI RQH
SDUWLFLSDQW RYHU WKUHH IUDPH UDWHV 7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLILFDQW FRUUHODWLRQ
EHWZHHQVXEMHFWLYH 48$66 DQGSK\VLRORJLFDOUHVSRQVHV,QDGGLWLRQTXHVWLRQQDLUH
DQDO\VHV VKRZHG WKDW RQO\  RI SDUWLFLSDQWV QRWLFHG WKDW WKH IUDPH UDWH KDG
FKDQJHG7KXVERWKK\SRWKHVHVZHUHVXSSRUWHG
7KHVH UHVXOWV DUH LPSRUWDQW DV WKH\ LQGLFDWH WKDQ ZKHQ SHRSOH DUH HQJDJHG LQ D
WDVN WKH\ VD\ WKH\ GR QRW QRWLFH WKH GLIIHUHQFH EHWZHHQ WZR GLIIHUHQW IUDPH UDWHV
GXULQJ RU DIWHU WKH WDVN KRZHYHU WKH GLIIHUHQFH LV UHJLVWHUHG SK\VLRORJLFDOO\ 7KLV

*LOOLDQ0:LOVRQDQG0$QJHOD6DVVH

0HDQEHDWVSHUPLQXWH

LPSOLHV WKDW KLJK IUDPH UDWHV VKRXOG EH SURYLGHG LQ RUGHU WR UHGXFH XVHU FRVW ,Q
DGGLWLRQ DFFHSWDEOH TXDOLW\ OHYHOV UHTXLUHG IRU D WDVN DQG WKRVH ZKLFK UHVXOW LQ
XQDFFHSWDEOHXVHUFRVWVKRXOGQRWEHGHWHUPLQHGE\VXEMHFWLYHDVVHVVPHQWDORQHZH
UHFRPPHQGWKDWREMHFWLYHGDWDLVDOVRFROOHFWHG
















)UDPH5DWH

)LJ*UDSKVKRZLQJWKHPHDQKHDUWUDWHRIRQHSDUWLFLSDQWRYHUWKUHHIUDPHUDWHV



&RQFOXVLRQVDQG)XWXUH:RUN

7UDGLWLRQDO +&, DSSURDFKHV WR HYDOXDWLRQ UHFRPPHQG WKDW WDVN SHUIRUPDQFH XVHU
VDWLVIDFWLRQ DQG XVHU FRVW VKRXOG EH FRQVLGHUHG ZH IHHO WKDW LQ WKH HYDOXDWLRQ RI
PHGLD TXDOLW\ WKLV LV SDUWLFXODUO\ DSSURSULDWH 7KLV SDSHU KDV VKRZQ WKDW   PHGLD
TXDOLW\ GRHV LPSDFW SK\VLRORJLFDO UHVSRQVHV   VXEMHFWLYH DVVHVVPHQWV XVHG LQ
LVRODWLRQGRQRWJLYHDWUXHLQGLFDWLRQRIWKHLPSDFWRITXDOLW\XSRQWKH XVHU XVHU
FRVWVKRXOGEHLQFOXGHGLQPXOWLPHGLDTXDOLW\HYDOXDWLRQDQGLQ ZLGHUDUHDVVXFKDV
SURGXFWDVVHVVPHQW7KHUHVHDUFKGHWDLOHGLQWKLVSDSHUZLOOSURGXFHWKUHHVXEVWDQWLYH
FRQWULEXWLRQV
•

•

•

7KH RSWLPXP DQG PLQLPXP OHYHOV RI VRPH SDUDPHWHUV RI PXOWLPHGLD TXDOLW\
UHTXLUHG IRU XVHUV SHUIRUPLQJ WDVNV ZLWKRXW VLJQLILFDQW XVHU FRVW ZLOO EH
GHWHUPLQHG 7KLV ZLOO DLG QHWZRUN SURYLGHUV LQ GHWHUPLQLQJ UHVRXUFH DOORFDWLRQ
DQG ZLOO XOWLPDWHO\ EHQHILW WKH HQGXVHU DV WKHLU QHHGV ZLOO EH PRUH FOHDUO\
VSHFLILHG
7KLV UHVHDUFK IHHGV GLUHFWO\ LQWR WKH (71$ 3URMHFW (YDOXDWLRQ 7D[RQRP\ IRU
1HWZRUNHG0XOWLPHGLD$SSOLFDWLRQV >@ZKLFKDLPVWRSURGXFHDWD[RQRP\RI
UHDO WLPH PXOWLPHGLD WDVNV DQG DSSOLFDWLRQV 7KH PD[LPXP DQG PLQLPXP
DXGLRYLGHR TXDOLW\ WKUHVKROGV IRU D QXPEHU RI WKHVH WDVNV ZLOO DOVR EH
GHWHUPLQHG 7KLV ZLOO DVVLVW QHWZRUN SURYLGHUV DQG DSSOLFDWLRQ GHVLJQHUV DV
JXLGHOLQHVRIXVHUV¶TXDOLW\UHTXLUHPHQWVIRUVSHFLILFWDVNVZLOOEHSURYLGHG
$XWLOLW\FXUYHDPHFKDQLVPE\ZKLFKWKHQHWZRUNVWDWHFDQEHGLUHFWO\UHODWHGWR
WKHHQGXVHUZLOOEHFUHDWHG7KLVZLOODOORZWKHDSSOLFDWLRQ WRUHFHLYHIHHGEDFN
RQ WKH XVHU :HDUDEOH FRPSXWHUV ZRXOG EH XVHIXO KHUH WR IHHG SK\VLRORJLFDO
LQIRUPDWLRQ LQWR DQ DSSOLFDWLRQ OLNH 00& ,I WKH DSSOLFDWLRQ GHWHFWHG WKDW WKH
XVHUZDVXQGHUVWUHVVLWZRXOGDGMXVWWKHYDULDEOHRIWKHPXOWLPHGLDFRQIHUHQFH

/LVWHQWR<RXU+HDUW5DWH&RXQWLQJWKH&RVWRI0HGLD4XDOLW\

FDXVLQJ VWUHVV LQ RUGHU WR LQFUHDVH XVHU VDWLVIDFWLRQ ,I WKH QHWZRUN FRXOG QRW
VXSSO\WKHRSWLPXPOHYHORITXDOLW\WKHQWKHXWLOLW\FXUYHZRXOGEHFRQVXOWHGWR
SURYLGHWKHQH[WEHVWTXDOLW\OHYHODQGVRRQ,IQRVXLWDEOHOHYHORITXDOLW\FRXOG
EH SURYLGHG GXH WR HJ QHWZRUN FRQJHVWLRQ WKH DSSOLFDWLRQ ZRXOG WKHQ LQIRUP
WKHXVHUDQGHQGWKHVHVVLRQ,WLVOLNHO\WKDWWKHXVHUZRXOGEHSODFHGXQGHUWRR
PXFK VWUHVV E\ VXFK SRRU TXDOLW\ OHYHOV DQG WKLV ZRXOG XOWLPDWHO\ DIIHFW WDVN
SHUIRUPDQFH DQG XVHU VDWLVIDFWLRQ 7KXV WKH DSSOLFDWLRQ ZRXOG EH WDNLQJ LQWR
DFFRXQW WKH SK\VLRORJLFDO VWDWH RI WKH XVHU DQG SURYLGLQJ DQ µDIIHFWLYH
LQWHUDFWLRQ¶
)LQDOO\ D PHWKRGRORJLFDO FRQWULEXWLRQ ZLOO EH PDGH JXLGHOLQHV RQ WKH PRVW
DSSURSULDWHSK\VLRORJLFDOPHDVXUHPHQWVWRLQGLFDWHDSDUWLFXODULPSDLUPHQWLQTXDOLW\
ZLOO EH SURGXFHG 7KLV ZLOO SDYH WKH ZD\ IRU PXFK QHHGHG IXUWKHU UHVHDUFK LQ WKLV
DUHD


0RYLQJWKH5HVHDUFKLQWRWKH)LHOG

&XVWRPHUVHUYLFHLVFLWHGDVWKHNH\WRWKHVXFFHVVIXOFRPSDQ\RIWKHIXWXUH7KHFDOO
FHQWUHLQGXVWU\LVFXUUHQWO\H[SHULHQFLQJDERRP\HWFXVWRPHUV¶SHUFHSWLRQVRI
VHUYLFHVE\WHOHSKRQHDUHGHFOLQLQJ7KXVLWLVYLWDOWKDWIDVWDFFXUDWHLQIRUPDWLRQZLWK
SURPSWVROXWLRQVLVSURYLGHGWRWKHFXVWRPHUDQGWKDWDJRRGFXVWRPHUUHODWLRQVKLSLV
IRUPHG+RZHYHUWKHIDFWWKDWWKHUHLVDDQQXDOWXUQRYHULQFDOOFHQWUHVWDII
LQGLFDWHVWKDWWKHMREFDQEHVWUHVVIXODQGUHSHWLWLYH+RZFDQVXFKDMREEHLPSURYHG
IRUWKHHPSOR\HHVVRWKDWWKHHIIHFWVXOWLPDWHO\SDVVGRZQWRWKHFXVWRPHUV"
5HFHQWUHVHDUFKDW%RXUQHPRXWK8QLYHUVLW\ORRNHGDWKRZHOHPHQWVWKDWPRWLYDWH
FXVWRPHU VHUYLFHV HPSOR\HHV FDQ EH LQFRUSRUDWHG LQWR WKH FRPSXWHU GHVNWRS
6XEVHTXHQWO\ WKH 08, 0RWLYDWLRQDO 8VHU ,QWHUIDFH  ZDV GHYHORSHG EHWZHHQ
%RXUQHPRXWK 8QLYHUVLW\ DQG %ULWLVK 7HOHFRP %7  %RXUQHPRXWK µ¶ FDOO FHQWUH
>@7KH08,DOORZVFDOOFHQWUHRSHUDWRUVWR
•
•
•
•
•

SHUVRQDOL]HWKHLUZRUNVSDFH
OHWVWKHPNQRZKRZEXV\WKH\DUH
JLYHVWKHPWKHDELOLW\WRHIIHFWLYHO\PDQDJHFXVWRPHULQIRUPDWLRQLQWKH IRUPDW
LQZKLFKWKHFXVWRPHUVHHVLW
LQFRUSRUDWHHOHPHQWVRIPRUDOVXSSRUWDQGWHDPZRUN
XQOHDVKWKHLUIUXVWUDWLRQ

:H DUH FXUUHQWO\ LQ GLVFXVVLRQV ZLWK %7 DERXW WKH SRVVLELOLW\ RI XWLOLVLQJ
SK\VLRORJLFDO PHDVXUHPHQWV ZKLFK FRXOG LQFOXGH PXVFXODUVNHOHWDO VWUHVV LQ WZR
DUHDV )LUVWO\ DV D PHWKRG WR HYDOXDWH WKH LQWHUIDFH DQG VHFRQGO\ WR IHHGEDFN
SK\VLRORJLFDOGDWDLQWRWKHDSSOLFDWLRQ
3K\VLRORJLFDOVWUHVVZRXOGEHGHWHFWHGDQG PHDVXUHVRI XVHUVDWLVIDFWLRQDQGWDVN
SHUIRUPDQFH ZRXOGEHDGPLQLVWHUHGLQRUGHUWRGHWHUPLQH KRZH[SHULHQFHG XVHUV RI
WKH 08, ZRUNHG XVLQJ WKH QHZ LQWHUIDFH 7KHVH UHVXOWV ZRXOG WKHQ EH FRPSDUHG WR
WKRVH RI RSHUDWRUV XVLQJ WKH WUDGLWLRQDO LQWHUIDFH LQ RUGHU WR REWDLQ DQ LQGLFDWLRQ RI
ZKLFKLQWHUIDFHLVPRUHHIIHFWLYHDQGLQGXFHVWKHOHDVWFRVWIRUWKHXVHU

*LOOLDQ0:LOVRQDQG0$QJHOD6DVVH

7KHUH LV DOVR WKH SRVVLELOLW\ RI PDNLQJ WKH 08, DGDSWLYH WR WKH SK\VLRORJLFDO
PHDVXUHPHQWV LQ HIIHFW V\PSDWKLVLQJ ZLWK WKH XVHU )RU H[DPSOH LI D XVHU ZDV
HOLFLWLQJ VWUHVV UHVSRQVHV WKH LQWHUIDFH FRXOG HJ FKDQJH WKH FRORXU RI WKH VFUHHQ WR
LQGXFHFDOPRUEULQJXSDZHEEURZVHUWRDOORZWKHPWRKDYHDVKRUWEUHDNIURPWKH
MRE
7KHLQWHUHVWIURPWKH08,WHDPLQWKLVUHVHDUFKLOOXVWUDWHVWKHSRWHQWLDOIRUPRYLQJ
WKHVH PHDVXUHPHQWV RXW RI 00& DVVHVVPHQW DQG LQWR XVHUFHQWULF WHFKQRORJ\
HYDOXDWLRQDQGDVVHVVPHQWDVDZKROH


0RUH*HQHUDO$SSOLFDWLRQV

6WUHVVLVH[WUHPHO\FRPPRQLQWRGD\¶V ZRUNSODFH7KXVWKHWHFKQRORJ\WKDWSHRSOH
XVHGDLO\VKRXOGEHGHVLJQHGWRFDXVHWKHPPLQLPDOVWUHVV6RPHLGHDVRIWDNLQJWKLV
UHVHDUFKIXUWKHUDUHWKDWLWFRXOGJLYHWKHXVHUPRUHVHOIDZDUHQHVVDERXWWKHLUVWUHVV
OHYHOV WKXV HQFRXUDJLQJ WKHP WR µVHOIPDQDJH¶ VWUHVV 7KLV KDV OLQNV ZLWK WKH
GLVFLSOLQHRIELRIHHGEDFNZKLFKLVDWHFKQLTXHIRUPRQLWRULQJ SK\VLRORJLFDODFWLYLW\
DQGFRQYHUWLQJLWLQWRDQDXGLWRU\RUYLVXDOPHVVDJH>@,WKDVEHHQVKRZQWKDWHJ
WHQVLRQ KHDGDFKHV DQG KHDUW UDWH FDQ EH FRQWUROOHG E\ JLYLQJ IHHGEDFN ZLWKRXW DQ\
H[WHUQDOUHZDUGDV LW VHHPV OLNH WKH IHHGEDFN DQG SHUFHLYHG FRQWURO DUH LQWULQVLFDOO\
UHZDUGLQJ%LRIHHGEDFNLVRIWHQXVHGWRGHFUHDVHVWUHVV
,W PD\ DOVR EH EHQHILFLDO IRU ERVVHV WR REVHUYH WKHLU HPSOR\HHV VWUHVV OHYHOV LQ
RUGHU WR PDNH WKHP PRUH DZDUH RI WKH SUHVVXUHV SODFHG XSRQ HPSOR\HHV
$GGLWLRQDOO\ WKH GHWHFWLRQ RI VWUHVV FRXOG EH EHQHILFLDO IRU LOOQHVVHV OLNH 56,
5HSHWLWLYH6WUDLQ,QMXU\ )RUH[DPSOHSHRSOHZKRGRDORWRIDVSHFLILFDFWLYLW\OLNH
W\SLQJFRXOGZHDUPXVFOHVHQVRUVWRDOHUWWKHPWRWDNHDEUHDNDQGWRUHVWEHIRUHDQ\
ODVWLQJGDPDJHLVGRQH7KLVZRXOGEHH[WUHPHO\XVHIXOZKHQLWLVFRQVLGHUHGWKDWLID
XVHULVLQYROYHGLQDQHQJDJLQJWDVNWKH\PD\QRWQRWLFHWKHVWUHVVWKH\DUHXQGHUDV
ZDVLOOXVWUDWHGLQRXUIXOOYLGHRWULDO VHHVHFWLRQ 
,Q FRQFOXVLRQ WKH DELOLW\ WR GHWHFW VWUHVV XQFRQVFLRXVO\ KDV ZLGH UDQJLQJ
LPSOLFDWLRQV IURP DUHDV OLNH SURGXFW DVVHVVPHQW WR SURYLGLQJ µHPRWLRQDOO\
V\PSDWKHWLF¶XVHULQWHUIDFHV

$FNQRZOHGJPHQWV
:H JUDWHIXOO\ DFNQRZOHGJH WKH FRQWULEXWLRQ RI $QQD %RXFK IURP 8&/ &RPSXWHU
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Abstract. This paper considers how research into empathy in teaching
and learning can inform the research into intelligent systems and intelligent agents embedded in educational applications. It also relates this research to some analysis of classroom practice completed as part of the EU
funded NIMIS project. The project is developing three applications, one
of which aims to support writing development with young children aged
5-6 years based on a cartoon format. The NIMIS classroom as a whole
is designed to enhance and augment existing classroom practices and to
foster collaboration by non-intrusive hardware and intuitive hardware
and software interfaces. To this end it seeks to enhance both human and
electronic communication in the classroom. Empathy is central to ensuring the quality of human communication and personal development. This
paper suggests that intelligent systems that can consider more carefully
the processes and feelings involved in human interactions in teaching and
learning, may promote higher quality support for students in classrooms.

1

Introduction

This paper considers how research into empathy in teaching and learning can
inform the research into intelligent systems and educational applications. It also
relates this research to the NIMIS project, one of the current i3 projects in Experimental School Environments. The main objective of NIMIS is to develop a
classroom for early learners, featuring a synergy between social, educational and
technological factors. This will be achieved through a range of classroom activities oriented towards learning to comprehend and manipulate a range of media
(text, pictures, animation, gesture, and sound). These activities take advantage
of the possibilities created through a unique combination of hardware and highly
interactive software. The NIMIS team believes that education of young children
can be improved by a new kind of classroom, one which respects that children
need to learn in the company of other children and their teacher, while taking advantage of adaptive and highly interactive learning environments. Young
pupils will experience enhanced classroom interaction through using networked
A. M. Paiva (Ed.): Aﬀective Interactions, LNAI 1814, pp. 21–34, 2000.
c Springer-Verlag Berlin Heidelberg 2000
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computers together with a large interactive display (electronic board) in a framework called the Computer integrated Classroom (CiC). The project is developing
three applications, which aim to support literacy development and collaborative
skills with young children aged 5-8 years. The NIMIS classroom as a whole is
designed to enhance existing classroom practices and to foster collaboration by
non-intrusive hardware and intuitive hardware and software interfaces. To this
end it seeks to support both human and electronic communication in the classroom. Empathy is central to ensuring the quality of human communication and
personal development. This paper suggests that intelligent systems that consider more carefully the processes and feelings involved in human interactions
in teaching and learning, may provide higher quality support for students in
classrooms.

2

Educational Framework

The increasingly technicist approach to education in the eighties and nineties
has produced an inevitable response from the educationalists who prefer to visualise a whole child, a small human being, in the educational process, rather
than a pupil to whom information is transmitted. The revival of interest in
the more human aspects of institutions, in both the educational and business
world, through the development of emotional intelligence [9] is also testimony
to this. Despite government pressure for tightly controlled learning regimes, tick
lists of teaching competences, clearly deﬁned standards and a strong emphasis
on subject knowledge in teacher training, especially in the United Kingdom at
present, research tends to suggest that this is not necessarily the route to the
most eﬀective teaching and learning. Ironically, much research evidence suggests
that higher standards in education are achieved by the power of positive human relationships engendered between individuals in communities with shared
values [20,1,22]. This is not to say that subject knowledge is not important. On
the contrary, it is vital. However, unless it is harnessed to personal and communal relationships it can be perceived by children as detached, unattractive and
irrelevant. Unless knowledge holds personal meaning for the child and can be
internalised, it may well remain inaccessible and non-transferable [12].
Meaning is constructed through the continuous dialogue which takes place
in the teaching and learning process in all its various forms [27]. According to
Heathcote, learning is imbued with signiﬁcance when one human being talks to
and listens to another [14]. Children come to classrooms with prior learning and
understanding, which has to be assessed, built on and incorporated into their
new frameworks of understanding [2, pg 50]. Central to learning therefore, is
not just the child’s ability to understand the teacher but the teacher’s ability
to understand the child and the diverse range and nature of understanding in
diﬀerent children. This requires a considerable degree of empathy. This ‘sensitive
understanding’ (a phrase used by Carl Rogers in 1975 [26]) takes into account
emotional investment in learning and personal circumstances and peer relationships as well as existing schemes of knowledge. Such understanding is dependent
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on the teacher’s ability to empathise with her students in all their diﬀerent circumstances. Only by developing a rich understanding of her pupils and oﬀering
diverse teaching methodology, at diﬀerent attainment levels and with diﬀerent
personal interaction, can the teacher properly scaﬀold learning and meet varying
learning needs. By targeting need eﬀectively and facilitating success for diﬀerent pupils at diﬀerent levels, the teacher builds the crucial self-esteem, which
enables children to take new risks in their understanding, allows them to modify
their existing beliefs and creates the atmosphere in which rapid learning can
take place.

3

Empathy in Intelligent Systems

Though an artiﬁcial tutor coupled with a believable agent cannot really empathise with or understand the students to whom it responds, it can demonstrate empathic characteristics which improve the learning climate and help to
meet the individual learning needs of students. Research in artiﬁcial intelligence
(AI) and computer mediated communication (CMC) has already identiﬁed a
range of empathic characteristics. These characteristics include: positive aﬃrmation and understanding [29]; motivating aspects of facial expression, voice
tone and body language [23]; and the creation of a persona with empathic responses in combination with knowledge-based learning environments [17]. These
varying elements help to identify and meet learning needs in the right way at
the right time. Recent research into children’s responses to avatars showed the
particular importance of the listening response and the signiﬁcance of ‘envelope
behaviours’ [3], which are also shown to be key empathic characteristics in the
recent research described later in this paper.
However at times, the traditional, real world models of teaching and learning, on which some artiﬁcial environments are modelled are less empathic than
they might be, based as they often are on a more traditional classroom teacher
approach. The commonly experienced ‘teacher’ model, which all developers have
experienced themselves at school and which must inﬂuence their thinking, is not
an ideal model for high quality learning. In a sense what we need to model our
agents on, is not so much the ‘common’ experience of teaching, as a best practice
model, which may be signiﬁcantly diﬀerent. Even if we had an accurate concept
of and personal experience of an exceptional classroom teacher (about which
there is limited current research), the well-known and frequently experienced
concept of a teacher is nearly always less than ideal. This is because teaching
and learning takes place, for the most part, in large classes, under relatively formal and often pressured conditions, with teachers spending a large part of their
time managing and controlling, rather than being engaged in sensitive teaching
and learning. The ‘factory’ system of education commonly experienced both by
children and older students world-wide, does not create prime conditions for
teaching and learning and teachers themselves understand only too well, the
inadequacy of the conditions in which they normally work.
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Though teachers try to make the best of the constraints in schools, there is
an essential conﬂict between crowd control and learning. This conﬂict turns good
classroom teaching and all the complexity that it involves, into a highly skilled
art, but one which frequently confuses classroom management with teaching and
learning. Though we can observe good teachers at work in classrooms, perhaps
we also need to produce a more accurate model of a good tutor in one-to-one or
small group situations. Intelligent tutors have the distinct advantage of working
one-to-one and we need to understand what high quality one to one teaching
can be like, rather than the more frequently seen one to thirty technique, which
is inevitably very diﬀerent. If we remove the ‘crowd control’ elements, perhaps
we can come closer to modelling a more eﬀective personal tutor. Equally, if we
can understand some of the constraints and pressures on the teacher, created by
managing large groups, we may be better able to capitalise on the strengths of
the artiﬁcial support and provide more appropriate support in the classroom as
a whole.
A few examples of the kinds of behaviour, embedded in intelligent systems,
which tend to emerge from the ‘one to thirty’ scenario are such things as:
– making students wait for a response .This is inevitable in a classroom but
can be perverse in a one to one situation.
– the use of facial expression and body language suggesting impatience and
frustration with the student. This is typically found in a classroom where a
teacher is under severe time constraints and required to manage large groups
of learners, with varying levels of attainment, through a prescribed and, at
times, inﬂexible curriculum.
– a strongly instructive approach to learning. This is a process often forced
through lack of time when dealing with large numbers.
– a tendency to over control the entire learning process. This is a feature
brought about by the need for the traditional teacher to run a whole class
and manage multiple students and constraints in a complex environment.
The complex task of running a whole classroom tends to shift the balance in
the classroom away from learning and towards control. In a sense, an empathic
relationship demands a more but not entirely equal role between student and
teacher, one where the teacher allows freedom where it is appropriate but also
gives support and direction when it is needed. One response by researchers in
artiﬁcial intelligence to these inherently inadequate but commonly experienced
tutor models, seems to have been to turn to the peer model instead, under the
auspices of collaborative learning [25,13]. Though this is viable and understandable in terms of oﬀering a more equal relationship, which initially may appear
more empathic and is important for learning, the peer model can also present
problems in terms of meeting individual needs, if it is used as the key support.
Whereas a peer might be helpful to a fellow student, they are not in the same
position of responsibility to another student in the way that a teacher is. Given
a choice between meeting their own and another’s needs, they are quite likely to
choose their own and are unlikely to have the time to devote to another student
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with considerable problems. Peers frequently compare themselves with and compete with one another and the education system and society at large positively
encourages this. This makes peer co-operation and support diﬃcult to ensure.
Neither do peers generally have the same experience and expertise as the teacher
in order to give the most appropriate scaﬀolding. Peer ‘support’ can at times be
unhelpful if there is no appropriate teacher intervention.
Complex peer relationships can be taken into account by an expert teacher
working with a group and they can then make appropriate decisions and responses which recognise and compensate for diﬀerences and problems. For example, dominating students may be encouraged to listen more and shy students
encouraged to express their views. However with no structure or intervention
or variety of approach, group activities can rapidly deteriorate into a battle for
supremacy, which some students are ill-equipped to handle. If the values supported by artiﬁcial intelligence are to be inclusive then over-reliance on peer
tutoring, may produce an inadequate model.
The problems raised by peer discussion led AI to try various computer interventions in the role of facilitator with sentence openers and suggestions for
initiating dialogue [29,25] in conjunction with considerable research into dialogue
analysis. Dialogue support is helpful in some circumstances and encourages student involvement but it is also limited because it often avoids the adoption of a
directive or expert interventionist role, which is also necessary for learning. ‘Contingent teaching’ described by David Wood [28], requires careful monitoring and
intervention by the tutor. Particularly with young children or new students or
students who are short of conﬁdence, a teacher needs to know when to give very
concrete and speciﬁc support to promote development or perhaps to prevent a
student being distracted from completing a larger task. For example, for a child
who is a conﬁdent reader, it might be appropriate to ask them to sound out a
longer word, in the middle of a story, as it would not interrupt their ﬂow. However, a less conﬁdent child or more novice reader might ﬁnd this disruptive, so
the teacher might quickly read the word for the child to maintain the ﬂow. Being
able to give support can be as important as being able to stand back; the important element is knowing when to do both. These decisions are very ﬁnely tuned
and dependent on the teacher having a rich understanding of each student both
emotionally and academically. One student for example, could take correction
more easily than another. For some students, criticism could be devastating and
inhibit further learning. Student responses can vary between and within sessions
making rules and guidelines for positive dialogues diﬃcult to extricate. An observant tutor will notice the eﬀect when they or a peer make an inappropriate
response and can subsequently compensate for it.
Increasingly research in AI is examining the teaching and learning process in
a more complex way, (sometimes in a more complex way than traditional educators). It has considered switching roles in response to the student, taking into
account both the aﬀective and cognitive elements in learning [10] and the combination of peer and tutor roles [13]. This complex approach may be perhaps,
the most fruitful area to explore. In fact the recent research into empathy out-
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lined below suggests that teachers switch between diﬀerent roles very quickly in
their relationships with classes and individual pupils. Teachers continually make
spontaneous decisions in the classroom and adopt diﬀerent styles, voice tone
and approaches in order to meet individual and group needs. They may play a
directive role in one instance, switching to an empowering, choice giving role the
next. They may oscillate between a fun-loving companion, a critical friend or an
expert advisor on domain speciﬁc knowledge. They may be the person to whom
a child feels able to relate a joke or personal story or they may take time to
reveal their own feelings, passions or interests and this too creates an ambiance
of trust, which is vital to learning. It is this multiplicity of roles in combination
which properly ensures the meeting of diverse needs and which is also indicative
of advanced empathy. If our systems are going to support learning then they
may need to be multifaceted and responsive to a wide range of diﬀerent needs.
Some of these issues have been identiﬁed by AI research as being directly related
to empathy in the teacher/pupil relationship [19]. Work on personality [16] also
suggests that the consistency of character is signiﬁcant and this would relate to
importance of the long-term perspective central to advanced empathy [18].

4

The Signiﬁcance of Empathy

Developing a rich and sensitive understanding of every child requires considerable
empathy on the part of the teacher. Research into empathy and into teaching and
learning in the sixties and seventies explored the concept in considerable depth
and linked empathy with eﬀective teaching. David Aspy [1] conducted considerable research into humanising the teaching and learning process (when computers were not widely used!) and Carl Rogers [26], amongst others, highlighted the
central nature of this quality not only in teaching but in all caring relationships.
Unfashionable in the eighties and nineties it is currently undergoing a revival
of interest. Empathy is widely associated with development and learning from
intensely personal development during therapy to intellectual, spiritual, creative
and also moral development [15]. Rogers makes a direct comparison between
therapy and teaching in this extract:
“Just as the client ﬁnds that empathy provides a climate for learning
more of himself, so the student ﬁnds himself in a climate for learning
subject matter when he is in the presence of an understanding teacher”
[26, pg 8]
From a therapist’s point of view their empathy is crucial for a patient’s
personal development but a teacher’s role is diﬀerent. Teachers are obliged both
to discover a pupil’s existing skills or understanding in a particular subject area
and extend them. In order to do this most eﬀectively they have to know the
child as a person as well as be aware of their academic understanding. They
have to nurture their sense of self and support their academic success, which
can also further develop their sense of self [24]. They may also develop their
students awareness of other people, through simultaneously valuing them and
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opening their eyes to other attitudes and understandings very diﬀerent from their
own. The summary of research evidence into empathy listed below, combines
childrens’ and teachers’ opinions with evidence from observations in classrooms.

5

Recent Research into Empathy in Teaching and
Learning

Research from an ongoing project (still in progress) into empathy in teacher/pupil relationships in which both pupils and empathic teachers were interviewed
and observed in the classroom gives many pointers to the behaviours, attitudes and characteristics which might signify an empathic approach in the classroom [5,6]. The central aim of the study is to examine the role of empathy in
teacher/pupil relationships and the role of these relationships in pupils’ moral
and academic development. Pupils and teachers were observed in the classroom
and interviewed about their relationships and the role of empathy or understanding. There was considerable common ground agreed by both pupils and
teachers about the characteristics and attitudes that denoted empathy and understanding and about the characteristics that denoted lack of understanding.
Tables 1 and 2represents a summary of the key characteristics identiﬁed so far,
which may be helpful to AI in education.

6

General Constraints on Empathy in Classrooms

Though there is insuﬃcient space in this paper to consider the constraints on the
use of empathy in classrooms in any depth, it was clear that in lessons in which
teachers were able to devote their sole concentration to single pupils, a much
greater level of empathy was observable. The lack of time, the large numbers
of pupils and the predominance of control in a normal classroom, as well as
adherence to a rigid curriculum, seem to be some of the greatest inhibitors to a
teacher displaying empathy and supporting eﬀective individual learning.

7

Empathy in Intelligent Systems

Whilst some traits identiﬁed in existing intelligent systems could be identiﬁed in
this research as being empathic for both pupils and teachers, some can be seen
as unempathic. For a system, however intelligent, being human is not an option
and a computer has distinct disadvantages in respect of voice tone, interpersonal elements, rigidity, ability to elicit understanding and to show and reﬂect
real emotions. However it also has advantages, it can empower, give choice, be
there when needed, give one to one attention, cater for diﬀerent needs and so
on. Building in the positive characteristics of empathy to our systems and eliminating the negative could well make them much more eﬀective.
The teacher always has to be prepared to accept and support pupils, whatever level they are working at. There is no room for impatience and intolerance
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Table 1. Characteristics of the Empathic Teacher pt 1
Empathic
Attitudes
Open; warm; relaxed; good-humoured;
fair; ensures fairness; models and expects
common courtesy; explains how children
should work or behave in an understanding way rather than criticising their
present work or behaviour

Facial characteristics
Frequent smiles; lots of eye-contact; generally positive demeanour; expressive face
which shows emotions and can switch
emotions quite quickly; tends to reﬂect
student emotions but also leads and inﬂuences them e.g. if the teacher wants to
encourage thinking/reﬂecting, she models
a thinking face
Voice
Positive; encouraging; expressive; clear directions when necessary; supportive; varied; reﬂects accurately the meaning of the
words
Body-language
Uses gesture; animated; tactile; moves
around; uses body for emphasis and explanation
Positioning
Generally gets closer to child; less distance; less formality and in a large classroom provides one to one support when
possible; moves around quite a lot; sits
down with pupils; lowers whole body, often down below student’s level.

Unempathic
Sees class as a group; not individuals; not
interested in developing individuals; more
interested in teaching subject; can be impatient; intolerant of some pupils’ weaknesses or even whole class; does not listen;
ﬁnds it hard to change tack if lesson not
going well and ﬁnds it hard to apologise
if wrong
Robot-like; not expressive; do not show
emotions; facial expressions not in tune
with words;

Unemotional; eﬃcient; business-like; very
matter of fact; tone not in tune with
words

Wooden; unapproachable; distant; formal; not animated

More formal; distanced from children;
front of class; higher than children

(shown by agents tapping a foot or drumming ﬁngers), in a classroom where the
teacher wants to foster self-esteem. We need the best of the peer, facilitator and
tutor characteristics and more if we are to create not just ‘believable’ intelligent
support in that it appears to be life-like, but systems which take more responsibility for children’s learning and attempt to meet diverse and long-term needs.
Combining these with systems and hardware that support interaction rather
than decreasing it also maximises the human support and the time available for
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Table 2. Characteristics of the Empathic Teacher pt 2
Empathic
Responses
Knows and uses student names frequently: listens carefully to students;
gives them sole concentration when possible: elicits understanding from them;
echoes and aﬃrms their comments; tries
to give a positive response but asks them
to elaborate or develop response if weak;
prompts and helps them when necessary;
constructs answerable questions to build
success and self-conﬁdence; frequent use
of the ‘cloze’ technique1 to build conﬁdence
Content of teaching
Frequently initiates a session with some
aspect of topic that relates directly to
child’s own experience; personal interest,
humour and discussion of non academic
issues interspersed at appropriate moments through lesson; the personal used
as a vehicle into the subject matter
Method of teaching
Varied teaching strategies; relaxed but
rigorous; involves changes of pace and
style; adaptable and ﬂexible; sessions
well-structured; individualised and personalised wherever possible; use of diﬀerentiation — matches task to child; explains problem issues; takes time over any
issues; prepares individual material for
children who need it
Other features
Uses humour; ‘not like a teacher’; in touch
with student’s interests; form personal relationships with each child; considers the
informal signiﬁcant; very aware of individual social and emotional aspects; puts
time and eﬀort into relationships; concerned with out-of-school life of child;
maintain a long-term view of the child’s
well-being.
1

Unempathic
Responds more to whole class; not understanding; not individualised; overrides; ignores pupils’ comments; negative or unhelpful responses to children’s attempts;
does not value extend or clarify comments; doesn’t spend time explaining
problematic issues

Sticks to curriculum/subject; blanket
teaching; little diﬀerentiation; does not
relate to children’s interests and understanding or to the real world

More rigid; lacks variety; lacks interpersonal level; elicits less from pupils; more
instruction; less reﬂection/discussion; interaction; less reﬂection of pupils interest;
emotions

Behaves like a teacher; lacking in humour;
shows false emotion; does not concern
themselves with personal issues with children; tends to ignore emotional aspects of
interaction; not particularly interested in
the child beyond today’s class.

The cloze technique involves giving students the ﬁrst part of an answer with a key
part missing but which can be inferred in part from the context e.g. So the man put
on his hat and coat and went out of the . . . ?
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such support. We need to look to develop the best artiﬁcial models and create
systems which maximise quality human support in their implementation.

8

Interpreting the Invisible and Creating Ambiance

The close interaction that goes on in empathic teaching relationships means that
teachers react and respond at times to what is unseen or unsaid, or virtually unseen and unsaid or to changes in behaviour which rely upon previously held or
perhaps unconsciously held knowledge of the child. The teacher might become
aware that a child has not joined in a conversation about home, for example, or
perhaps they seem suddenly reluctant to talk in a group situation. Small clues
alert them to emotional change and are pointers to problems of a personal or
academic nature, which may or may not have their origin in school. Sometimes
a child may just look a little unkempt or stop smiling as readily. These observations can be registered almost unconsciously and gradually they surface and the
teacher initiates an enquiry. Much of the ﬁner details of visual appearance, body
language and voice tone register almost subliminally in our brains [4]. Sometimes the teacher might respond to a cue without ever consciously realising why.
Involved in hundreds of personal interactions every day, teachers may become
increasingly expert and even less consciously aware, if they remain open to the
signs emanating from the students in their care. As well as oﬀering intelligent
support, the NIMIS classroom aims to oﬀer enough computer-based support to
allow teachers to have more time to use their expert skills and create time for
teachers to respond to needs that they identify. The deliberate design of intelligent systems that aim to meet needs, but which complement human expertise,
should produce a powerful combination.
If we are to envisage whole classrooms rather than design single applications,
the ambiance is also crucial to learning. Children need to feel generally secure,
happy and to have their needs met if they are to thrive in any environment.
Teachers with large classes of pupils have to establish an atmosphere of safety
and a framework of commonly accepted rules but these have to be lightly handled, comfortable and relaxed, not authoritarian. Creating this type of ambiance
demands considerable skill from the teacher and is much harder in some classes
than others. Computer systems, which are sensitive to diversity and aim to meet
needs, can contribute to a positive classroom climate.

9

Teacher Characteristics and Interventions during
Story-Creation in NIMIS

To try and create a system which values the human skills involved in teaching
and learning, the NIMIS project is using a participatory design methodology.
From the outset the pupils and teachers have been involved in the design of
the system and software via interviews, discussions, classroom observations and
video recording. The NIMIS research team also includes ex-teachers and psychologists. A key aim of the NIMIS project is to build on existing practice and
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to take into account the whole classroom and the dynamics of the real learning
environment, simultaneously enhancing it.
During the initial analysis of the NIMIS classroom in Glusburn School
near Leeds, the behaviour and comments of teachers during story writing, at
times, demonstrated similar characteristics to those observed during the empathy project. In videos, class teachers could be seen demonstrating and modelling
listening skills, direct intervention, reﬂection and positive aﬃrmation. They modelled accepting facial and body language and interested voice tone, eliciting and
elaborating ideas from the children, echoing and valuing their responses. When it
was appropriate, they also took the responsibility for guiding and suggesting and
for ensuring turn-taking and modelling and voicing rules of common courtesy.
Some of the constraints which teachers described in the empathy project were
also clear in the videos in the NIMIS project. Time is the crucial constraint and
it is clear, that 26 children need more support than any one teacher and even,
on occasions three adults in the room could oﬀer at any one time. Equally the
constraints of organising and managing the learning activities of 26 5–6yr olds
mean that children sometimes have to be given tasks which they can accomplish
independently. In this sense they may be working easily within their bounds
rather than being stretched and challenged by contingent teaching.
The number of children and the English National Curriculum methodology
also means that individual support is more frequently relinquished for whole class
or group support. In this sense the teacher’s empathy, however sensitive, can be
severely limited by the constraints of the classroom, the curriculum and sheer
lack of time to interact personally with every child. A teacher can try to reduce
the eﬀect of this by employing ‘group empathy’ but according to the research,
this is much easier with more homogeneous groups [7]. In NIMIS the system
and software should be able to meet need more quickly with individual support at every workstation, whilst supporting both peer and teacher interaction
both through classroom and furniture arrangements, electronic communication
and software which supports shared story writing. Diﬀerent tasks and levels of
support will meet the needs of diﬀerent children, but intrinsic to the NIMIS
classroom is the continuing role of the class teacher and peer support alongside
the software support.

10

Conclusions

Though intelligent systems may succeed in meeting some degree of individual
need, the complexity of human interaction in teaching is incredibly diﬃcult to
model, given the way that teachers have to interpret the visible and invisible
states of around thirty individuals at any time. They have to explore beyond the
surface impression to sense the feelings and experiences beneath. In the NIMIS
classroom normal human interaction and all the complexity it involves will be
encouraged and facilitated but the characteristics of the system may also help
to create and sustain an eﬀective learning ambiance. Working with children on
a personal level, intelligent systems may be able to oﬀer a degree of support
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more rapidly than the teacher who has an entire class of children to work with.
They can oﬀer targeted support on diﬀerent levels and with a variety of methods
in conjunction with a visible personality who aﬃrms, suggests, guides, models
listening behaviour and sole concentration, supports sharing and helping, steps
in with support when it is needed but withdraws and encourages self-suﬃciency
when appropriate. This ‘empathy’ extends beyond the interactions to the nature
of the software itself, which can cater for diﬀerent tastes and attitudes of its users.
In this sense empathy should extend beyond the audio-visual aﬀective aspects directly into the knowledge domain. This type of empathy which links the
cognitive and the aﬀective is very powerful and strong in terms of its ability to
aﬀect learning [11]. The child should feel secure, cared for and valued in its work
because of the understanding displayed by the combined eﬀect of a supportive
system and teacher. This understanding will then be linked directly to concrete
support for literacy development, with encouragement and aﬃrmation for the
work already completed and guidance for the next stage. This is the type of
empathy oﬀered by expert teachers in the classroom. It is both aﬀective and
cognitive and, in combination, more eﬀective. It has a moral dimension in its
attempts to meet need and include, rather than to encourage the survival of
the ﬁttest and exclude. Open and accepting relationships, built on trust, allow
each party to discover and appreciate the views and understanding of the other
more thoroughly. This understanding enables teachers to teach more eﬀectively,
basing their decisions on a richer information base and enables the child to understand the teacher so that richer dialogue can ensue. The interplay of feeling
and understanding is central to learning as what we feel about our learning affects what we learn. A sense of security makes risk-taking possible. A feeling of
acceptance and success allows acceptance of others and joint understanding to
develop. Knowing support is there when needed means individuals are empowered, are able to experiment and feel secure enough to fail at times. The support
required will be diﬀerent for every individual. These feelings about learning are
not peculiar to children but are common to adults too [8]. How open people
are to expressing their feelings also depends on their relationship with their tutor. If they experience criticism or lack of interest, they may eventually refrain
from expressing themselves unless they are very self-conﬁdent. If they feel dominated or made fun of, they may become introverted and fail to learn. If they
consistently experience genuine concern for their development from their tutor,
then they will feel able to make those leaps into the unknown which learning
necessitates. A combination of sensitive computer-based support in the NIMIS
classroom modelled on high quality, empathic teaching, combined with sensitive
human support from teachers and peers in a positive learning ambiance, may
create an enhanced atmosphere in which learning can take place for all pupils.
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$EVWUDFW,QDYLUWXDOHQYLURQPHQWZKHUHXVHUVFDQLQWHUDFWZLWKDJHQWV
WKH ZD\ LQ ZKLFK WKH DJHQW GLVSOD\V LWV LQWHUQDO HPRWLRQDO VWDWH DQG
ZKDW WKH XVHU LQIHUV IURP WKLV GLVSOD\ LV FHQWUDO WR HIIHFWLYH DIIHFWLYH
FRPPXQLFDWLRQ*LYHQWKHUHOLDQFHRQ YLVXDOH[SUHVVLRQRIHPRWLRQLQ
FXUUHQW956\VWHPVDQ\GLIIHUHQFHVEHWZHHQFKLOGUHQDQGDGXOWVLQWKH
ZD\VXFKLQIRUPDWLRQLVXWLOLVHGDQGSHUFHLYHGUDLVHVLQWHUHVWLQJGHVLJQ
LVVXHVLQUHODWLRQWRWKHH[SHULHQFHDQGDJHRIWKHXVHU+HUHZHGLVFXVV
VRPHRIWKHVHLVVXHVLQUHODWLRQWRWKH3833(7SURMHFWZKHUHWKHJRDO
LV WR SURYLGH D YLUWXDO SOD\ HQYLURQPHQW XVLQJ D WKHDWUH PHWDSKRU WR
HQDEOH \RXQJ FKLOGUHQ¶V  \HDUV ROG  VWRU\ FRQVWUXFWLRQ 7KLV SDSHU
ILUVW SUHVHQWV D VXPPDU\ RI SUHYLRXV UHVHDUFK WKDW GHPRQVWUDWHV WKH
VSHFLDO PHDQLQJ WKDW \RXQJ FKLOGUHQ SODFH RQ IDFLDO H[SUHVVLRQV ZKHQ
JDWKHULQJ LQIRUPDWLRQ DERXW HPRWLRQ 7KUHH HPSLULFDO VWXGLHV DUH
SUHVHQWHG WKDW H[SORUH WKHVH LVVXHV XVLQJ SURWRW\SHV RI RXU V\VWHP
6RPHGHVLJQVROXWLRQVDUHVXJJHVWHGLQFRQMXQFWLRQZLWKGLUHFWLRQVIRU
IXWXUHHPSLULFDOZRUN



,QWURGXFWLRQ

6WXGLHV RI DIIHFWLYH FRPPXQLFDWLRQ ZLWK DQG EHWZHHQ FKLOGUHQ KDYH VKRZQ WKDW
VHYHUDO YDULDEOHV FDQ FKDQJH WKH ZD\ WKDW WKLV LV DFKLHYHG SDUWLFXODUO\ WKRVH RI DJH
DQG H[SHULHQFH ,Q FRPSDULVRQ WR DGXOWV WKHUH PD\ EH VXEVWDQWLDO GLIIHUHQFHV IRU
\RXQJHUFKLOGUHQLQWKHZD\WKDWWKH\SHUFHLYHDIIHFWLYHH[SUHVVLRQDQGWKHFXHVWKDW
WKH\ UHO\ RQ ZKHQ PDNLQJ MXGJHPHQWV DERXW PHDQLQJ 7KLV LV HVSHFLDOO\ WUXH ZLWK
UHJDUGWRYLVXDOVLJQDOV
7KHVH ILQGLQJV KDYH UHOHYDQFH IRU WKH LQFUHDVLQJ QXPEHU RI DWWHPSWV WR GHVLJQ
FKDUDFWHUV LQ YLUWXDO ZRUOGV ZKLFK DUH FDSDEOH RI FRQYH\LQJ VRPH GHJUHH RI
PHDQLQJIXO DQG EHOLHYDEOH DIIHFWLYH H[SUHVVLRQ 7KHUH KDV EHHQ VXEVWDQWLDO SURJUHVV
ZLWK WKH GHVLJQ RI DJHQWV IRU DGXOW LQWHUDFWLRQ HVSHFLDOO\ LQ HEXVLQHVV DSSOLFDWLRQV
VXFK DV WKH ([WHPSR JDOOHU\ KWWSZZZH[WHPSRFRP  DQG IRU µKHOSHUV¶ LQ
$03DLYD (G $IIHFWLYH,QWHUDFWLRQV/1$,SS
©6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ

3DW*HRUJHDQG0DOFROP0F,OOKDJJD

SHGDJRJLFDO DSSOLFDWLRQV HJ WKH ,QWHOOLPHGLD SURMHFW DW 1RUWK &DUROLQD 6WDWH
8QLYHUVLW\ +RZHYHU IRU \RXQJ FKLOGUHQ LW LV E\ QR PHDQV FOHDU KRZ ZH VKRXOG
SURFHHGVLQFHWKHUHLVDODFNRIUHVHDUFKJXLGDQFHRQKRZWKH\UHSUHVHQW XQGHUVWDQG
YLUWXDOFKDUDFWHUVLQJHQHUDODQG WKHUHIRUH PLJKW XVH LQWHUSUHW  DIIHFWLYH VLJQDOV LQ
SDUWLFXODU )XUWKHU WHFKQLFDO FRQVWUDLQWV LQ WKH VSHHG DQG FRPSOH[LW\ ZLWK ZKLFK
PDQ\V\VWHPVFDQSURGXFHUHDOWLPHLQWHUDFWLYHYLVXDOLVDWLRQVRIH[SUHVVLRQVHJGXH
WRUHQGHULQJOLPLWDWLRQV PHDQVWKDW ZHPD\ QHHGWR ZRUN ZLWKVLPSOLILFDWLRQV IURP
WKHUHDOZRUOG7KLVLVQRWQHFHVVDULO\DOLPLWDWLRQDVZHNQRZIURPWKHHIIHFWLYHQHVV
RIFDUWRRQVEXWWKHVLWXDWLRQFDQEHPRUHFRPSOLFDWHGIRULQWHUDFWLYHYLUWXDOV\VWHPV
IRU H[DPSOH LQ WHUPV RI D YHU\ OLPLWHG FDSDFLW\ IRU QDWXUDO ODQJXDJH SURFHVVLQJ
1/3 7KLVPHDQVWKDWWKHUHLVDQ LQFUHDVHG UHOLDQFH RQ WKH YLVXDO LQWHUSUHWDWLRQ RI
HPRWLRQV FI WKH OLNHO\ VLWXDWLRQ LQ UHDO OLIH 7KXV LW LV DQ HPSLULFDO TXHVWLRQ DV WR
KRZV\VWHPREMHFWLYHVPLJKWEHUHDOLVHGLQSDUWLFXODUFDVHV
7KHVHLVVXHVDUHDFHQWUDOFRQFHUQRIRXURZQUHVHDUFKSURMHFW3833(7ZKHUHWKH
JRDO LV WR SURYLGH D YLUWXDO SOD\ HQYLURQPHQW XVLQJ D WKHDWUH PHWDSKRU WR HQDEOH
\RXQJ FKLOGUHQ  \HDUV ROG  WR EH PRUH FUHDWLYH LQ WKHLU VWRU\ GHYHORSPHQW 7KH
SURMHFW DLPV WR JLYH WKH FKLOGUHQ WKH IDFLOLWLHV WR LQWHUDFW ZLWK FKDUDFWHUV VXFK DV
DQLPDOVRQDIDUPDOORZLQJWKHPWKHDELOLW\WRFKRRVHRQHRIWKHFKDUDFWHUVDVWKHLU
DYDWDU)RUWKH\RXQJHUFKLOGUHQ\HDUROGDPDMRUJRDOLVWRHQFRXUDJHWKHFKLOG
WRH[SORUHWKHHQYLURQPHQWWRGLVFRYHUDQGLQWHUDFWZLWKWKHRWKHUFKDUDFWHUV DJHQWV
ZLWKLQ WKH YLUWXDO ZRUOG 7KH\ DUH DVNHG WR REVHUYH DQG LQWHUSUHW WKH FKDUDFWHU¶V
EHKDYLRXU DQG WKH\ GLVFRYHU WKDW WKH DJHQWV EHKDYH LQ GLIIHUHQW ZD\V IROORZLQJ
GLIIHUHQWNLQGVRIUXOHVGHSHQGLQJRQWKHLULQWHQWLRQVDQGPRWLYDWLRQV&OHDUO\JLYHQ
WKLVDLPLWLVHVVHQWLDOWKDWZHKDYHVRPHSULQFLSOHGZD\RIGHFLGLQJKRZWRYLVXDOLVH
WKH DIIHFWLYH VWDWH RI DJHQWV²WKH PRVW VLJQLILFDQW FXH WKDW WKHVH FKLOGUHQ KDYH
DYDLODEOH WR PDNH WKHLU MXGJHPHQWV 6SHFLILFDOO\ ZH QHHG WR WKLQN DERXW
UHSUHVHQWDWLRQRIIDFLDOH[SUHVVLRQV
%HORZZHGHVFULEHKRZZHKDYHXVHGDYDULHW\RIH[SORUDWRU\VWXGLHVLQRUGHUWR
PDNHDQGHYDOXDWHGHVLJQGHFLVLRQVDERXWWKHDIIHFWLYHH[SUHVVLRQRIWKHDJHQWV)LUVW
ZHEHJLQZLWKDEULHIVXUYH\RIWKH PDLQFRQFOXVLRQVRIWKHSV\FKRORJLFDOOLWHUDWXUH
WKDWDUHUHOHYDQWWRWKHVHLVVXHV


<RXQJ&KLOGUHQ¶V$ELOLW\WR5HFRJQLVH(PRWLRQ

+XPDQ HPRWLRQDO VWDWHV FDQ EH FDWHJRULVHG E\ L  WKH VXEMHFWLYH H[SHULHQFH RI WKH
HPRWLRQ²KDSSLQHVV VDGQHVV HWF LL  WKH SK\VLRORJLFDO FKDQJHV ZKLFK RFFXU²
EXWWHUIOLHV LQ WKH VWRPDFK JRRVHEXPSV VZHDWLQJ HWF LLL  WKH EHKDYLRXU DVVRFLDWHG
ZLWKDSDUWLFXODUHPRWLRQ²VPLOLQJFU\LQJIURZQLQJUXQQLQJDZD\EHLQJIUR]HQWR
WKHVSRWHWF)URPWKHSRLQWRI YLHZ RI WKH SHUFHLYHU DQ\ EHKDYLRXU FDQ EH XVHG WR
LQIHU HPRWLRQ²SHUKDSV WKH PRVW REYLRXV ZRXOG EH VRPHWKLQJ OLNH FU\LQJ UXQQLQJ
VWDPSLQJRIIHHWRUEOXVKLQJ+RZHYHUUHFRJQLVLQJDQHPRWLRQFDQGHSHQGXSRQWKH
VDOLHQFH RI PDQ\ IDFWRUV LQFOXGLQJ WKH FRQWH[W RI WKH EHKDYLRXU $SDUW IURP WKH
FRQWH[WDQGWKHEHKDYLRXUDGXOWVWHQGWR PDNH FRPSOH[ LQIHUHQFHV ZKLFK WDNH LQWR
DFFRXQW WKH EHOLHIV DQG GHVLUHV RI WKH LQGLYLGXDO FRQFHUQHG 5HVHDUFK VSHFLILFDOO\
FRQFHUQHG ZLWK \RXQJFKLOGUHQ VXJJHVWVWKDWWKH\ PD\ QRW QRUPDOO\ XWLOLVH DV PDQ\
IDFWRUVDVDGXOWVZKHQWKH\JDWKHUHPRWLRQDOLQIRUPDWLRQ

7KH&RPPXQLFDWLRQRI0HDQLQJIXO(PRWLRQDO,QIRUPDWLRQIRU&KLOGUHQ

*HQHUDOO\\RXQJFKLOGUHQWHQGWREHPRUHFRQVWUDLQHG WKDQDGXOWV E\ZKDWWKH\
FDQVHH HJ>@>@ :LWKVSHFLILFUHIHUHQFHWRPDNLQJLQIHUHQFHVDERXWHPRWLRQ
>@ VXJJHVWV \RXQJHU FKLOGUHQ¶V XQGHUVWDQGLQJ RI HPRWLRQ EHWZHHQ DJH  DQG 
\HDUV LVSULPDULO\VLWXDWLRQGHSHQGHQW0RUH VSHFLILFDOO\ 5HLFKHQEDFK DQG 0DVWHUV
>@KDYHGHPRQVWUDWHGWKDWZKHQFKLOGUHQDUHJLYHQDFKRLFHRIFXHVWRHPRWLRQWKH\
WHQGWREHOLHYHLQWKHYHUDFLW\RIIDFLDOH[SUHVVLRQV,QGHHG*QHSS>@DQG,DQQRWWL
>@ IRXQG WKDW \RXQJ FKLOGUHQ WHQG WR UHO\ RQ IDFLDO H[SUHVVLRQV WR UHDG HPRWLRQV
HYHQZKHQWKH\DUHLQFRQIOLFWZLWKFRQWH[WXDOFXHV7KLVVXJJHVWVWKDWZKHQFKLOGUHQ
JDWKHUHPRWLRQDOLQIRUPDWLRQWKH\WHQGWREHSDUWLFXODUO\LQIOXHQFHG DQGELDVHG E\
IDFLDOH[SUHVVLRQV
7KHUHVHDUFKOLWHUDWXUHFRQFHUQHGZLWKUHFRJQLWLRQRIHPRWLRQDOVRWHQGVWRSODFHD
KHDY\HPSKDVLVRQWKHIDFHVRPHUHVHDUFKHUVVXJJHVWLQJWKDWDQHFHVVDU\SUHUHTXLVLWH
IRUWKHLQIHUHQFHRIHPRWLRQLVDQDELOLW\WRFODVVLI\WKHIDFLDOH[SUHVVLRQRIWKHSHUVRQ
LQTXHVWLRQ HJ>@>@VHH>@IRUDJHQHUDOLQWURGXFWLRQWRWKHLPSRUWDQFHRIIDFHV
IRUUHFRJQLWLRQRILGHQWLW\DJHDQGJHQGHUDQGIDFLDOH[SUHVVLRQRIHPRWLRQ@ 7KLVLV
SUREDEO\QRWVXUSULVLQJIRUKXPDQWRKXPDQLQWHUDFWLRQJLYHQWKHDWWHQWLRQRQWKHIDFH
GXULQJVRFLDOLQWHUDFWLRQDQGFRPPXQLFDWLRQ
,Q DQ LQIOXHQWLDO UHYLHZ RI DGXOW UHFRJQLWLRQ RI KXPDQ IDFLDO H[SUHVVLRQ (NPDQ
)ULHVHQDQG(OOVZRUWK>@VXJJHVWVWKDWWKHUHLVDKLJKGHJUHHRIFRQVLVWHQF\DFURVV
HPSLULFDO VWXGLHV²DOO DGXOWV DUH DEOH WR GLVWLQJXLVK EHWZHHQ SRVLWLYH DQG QHJDWLYH
HPRWLRQDO VWDWHV EDVHG XSRQ WKH IDFLDO H[SUHVVLRQ DORQH +RZHYHU WKH PDMRULW\ RI
DGXOWV FDQ PDNH PXFK ILQHU GLVFULPLQDWLRQV ZKLFK DUH WKRXJKW WR IDOO LQWR VHYHQ
GLVWLQFW W\SHV RI H[SUHVVLRQ KDSSLQHVV VXUSULVH IHDU VDGQHVV DQJHU GLVJXVW
FRQWHPSW DQG LQWHUHVW 7KHVH FDWHJRULHV DUH RIWHQ GHVFULEHG DV µEDVLF¶ HPRWLRQV
ZKLFKKDYHFRPHWREHNQRZQDVXQLYHUVDOLHLQGHSHQGHQWRIFXOWXUH
)URP D GHYHORSPHQWDO SHUVSHFWLYH WKHUH LV VRPH DUJXPHQW DERXW ZKHQ DQG LI
FKLOGUHQ XWLOLVH DOO WKHVH FDWHJRULHV 6RPH VWXGLHV UHSRUW DQ LQFUHDVLQJ DELOLW\ LQ
FKLOGUHQ XS WR  \HDUV RI DJH >@ WR GLVFULPLQDWH EHWZHHQ WKH W\SHV RI HPRWLRQDO
H[SUHVVLRQZKHUHDVRWKHUVXVLQJGLIIHUHQWWDVNVVXJJHVWWKDWE\ \HDUVROGFKLOGUHQ
XVHWKHPDOO>@+RZHYHUWKHUHLVDJUHHPHQWWKDW\RXQJFKLOGUHQUHFRJQLVHSRVLWLYH
HPRWLRQV MR\ RU KDSSLQHVV  IURP D PXFK HDUOLHU DJH WKDQ RWKHU HPRWLRQV HJ >@
>@>@>@ 
8VLQJ WKH SKRWRJUDSKV RI KXPDQ IDFHV GLVSOD\LQJ WKH H[SUHVVLRQV LGHQWLILHG E\
(NPDQ>@ KDSS\ VDG DQJHU IHDU GLVJXVW DQG VXUSULVH  0DUNKDP DQG :DQJ >@
H[SORUHG UHFRJQLWLRQ RI HPRWLRQ IRU &KLQHVH DQG $XVWUDOLDQ   DQG \HDU ROG
FKLOGUHQ $OWKRXJK WKHUH ZHUH VRPH GLIIHUHQFHV GHSHQGLQJ XSRQ WKH FXOWXUH RI WKH
FKLOGUHQ WKH GHYHORSPHQWDO WUHQG ZDV FOHDU²SHUIRUPDQFH LPSURYHG VLJQLILFDQWO\
EHWZHHQ  DQG  \HDUV ZLWK VRPH IXUWKHU LPSURYHPHQW EHWZHHQ  DQG  \HDUV
2YHUDOO WKHLU UHVXOWV VXJJHVW WKDW FKLOGUHQ GR ILQG VRPH IDFLDO H[SUHVVLRQV PRUH
GLIILFXOWWKDQRWKHUV\RXQJHUFKLOGUHQ EHWZHHQDQG\HDUV WHQGHGWRJURXSVRPH
HPRWLRQVWRJHWKHU:KLOHKDSS\IDFHVZHUHHDVLO\GLIIHUHQWLDWHGIDFHVGLVSOD\LQJIHDU
ZHUH RIWHQ FODVVLILHG DV VDG DQG IDFHV GLVSOD\LQJ GLVJXVW ZHUH RIWHQ FDWHJRULVHG DV
DQJU\
2QHOLPLWDWLRQRIPDQ\VWXGLHVLQWHUHVWHGLQGHYHORSPHQWDODVSHFWVRIKXPDQIDFH
UHFRJQLWLRQ LV WKDW WKH\ KDYH WHQGHG WR XVH WKH IDFHV RI DGXOWV DV WDUJHWV IRU WKH
FKLOGUHQ WR PDNH MXGJHPHQWV DERXW *LYHQ WKDW MXGJHPHQWV DERXW IDFHV GLVSOD\LQJ
DJHFKDUDFWHULVWLFVRIDVLPLODUDJHWRWKHSHUFHLYHU HJFKLOGIDFHV VKRZDPDUNHG

3DW*HRUJHDQG0DOFROP0F,OOKDJJD

LPSURYHPHQWLQUHFRJQLWLRQSHUIRUPDQFH VHH>@>@IRUDGLVFXVVLRQ LWLVSRVVLEOH
WKDWDQ\GHYHORSPHQWDOGLIIHUHQFHPD\KDYHEHHQRYHUVWDWHG+RZHYHUZKHWKHUWKLV
ELDVLVFRQVWUDLQHGWRKXPDQIDFHVRULVH[WHQGHGWRFDUWRRQOLNHUHSUHVHQWDWLRQVLVDQ
HPSLULFDO TXHVWLRQ WKDW GHVHUYHV IXUWKHU FRQVLGHUDWLRQ $VVXPLQJ WKDW WKH RZQ DJH
SURFHVVLQJ ELDV H[WHQGV WR PRUH DEVWUDFW UHSUHVHQWDWLRQV RI IDFHV WKLV PD\ EH DQ
LPSRUWDQW DVSHFW RI GHVLJQLQJ YLUWXDO FKDUDFWHUV DQG IRU GHVLJQLQJ FXHV IRU WKH
FKLOGUHQWRUHFRJQLVHSDUWLFXODUH[SUHVVLRQHPRWLRQFRXSOLQJV
$QRWKHUIDFWRULVWKDWFKLOGUHQDUHDOVRVHQVLWLYHWRWKHGHJUHHRILQWHQVLW\RIDIIHFW
WKDW WKH IDFH GLVSOD\V >@ $Q LQWHUHVWLQJ VWXG\ E\ GH *HOGHU 7HXQLQL DQG %HQVRQ
>@SURGXFHGµEOHQGV¶XVLQJPRUSKLQJWHFKQLTXHVRIIDFLDOH[SUHVVLRQGHULYHGIURP
IRXU EDVLF HPRWLRQV DQJHU IHDU KDSSLQHVV DQG VDGQHVV  &KLOGUHQ ZHUH DVNHG WR
FDWHJRULVH WKUHH FRQWLQXXPV WKDW ZHUH OLQHDU WUDQVIRUPV IURP RQH H[SUHVVLRQ WR
DQRWKHU²DQJHUVDGKDSS\VDGDQJU\IHDU7KHILQGLQJV VXJJHVW WKDW \RXQJFKLOGUHQ
FDQMXGJHZKHWKHUDJLYHQIDFLDOH[SUHVVLRQLVDµJRRG¶RUµSRRU¶H[DPSOHRIWKHIDFLDO
H[SUHVVLRQUHSUHVHQWHG&RPSDUHGWRDGXOWVFKLOGUHQVHHPWRILQGIDFHVGLVSOD\LQJD
KDSS\ H[SUHVVLRQ WKH HDVLHVW WR GLVWLQJXLVK ZLWK VRPH FRQIXVLRQ RI GLVFULPLQDWLRQ
ZLWKRWKHUHPRWLRQV IHDUZLWKVDGQHVVGLVJXVWZLWKDQJHU 
5HODWHGWRGHJUHHRILQWHQVLW\DODUJHQXPEHURIVWXGLHVVXJJHVWWKDWFKLOGUHQ DQG
DGXOWV ILQG FDULFDWXUHIDFHVHDVLHUWRSURFHVVWKDQQRUPDOIDFHV HJUHFRJQLWLRQ RI
LGHQWLW\DJHDQGHPRWLRQDOVWDWHLVHDVLHUZLWKFDULFDWXUHVRIQRUPDOIDFHV²VHH(OOLV
>@IRUDGLVFXVVLRQ 7KHFDULFDWXUHW\SHRIGLVWRUWLRQLVWKRXJKWWREHPHDQLQJIXOIRU
UHFRJQLWLRQ SXUSRVHV EHFDXVH LW HPSKDVLVHV VSHFLILF DVSHFWV WKDW PDNH D IDFH
GLVWLQFWLYHRUGLIIHUHQWIURPRWKHUV>@7KHLPSRUWDQWSRLQWKHUHLVWKDWH[DJJHUDWHG
IDFLDOH[SUHVVLRQVJLYHPRUHFXHVWRWKHHPRWLRQDOVWDWH
$WWKLVSRLQWLWLVLPSRUWDQWWRSRLQWRXWDIXUWKHUPDMRUPHWKRGRORJLFDOOLPLWDWLRQ
RIPDQ\UHVHDUFKVWXGLHVLQWKDWWKH\KDYHYHU\RIWHQXVHGVWDWLFSKRWRJUDSKLFLPDJHV
7KHVHQHFHVVDULO\GRQRWWDNHLQWRDFFRXQWWKHZD\DIDFHPD\FKDQJHRUWKHVSHHG
ZLWK ZKLFK WKH FKDQJH WDNHV SODFH +RZHYHU WKHUH DUH VRPH VWXGLHV WKDW KDYH
KLJKOLJKWHG WKH PRUH G\QDPLF DVSHFWV RI HPRWLRQDO H[SUHVVLRQ )RU H[DPSOH >@
IRXQG WKDW DGXOW REVHUYHUV ZHUH DEOH WR FDWHJRULVH G\QDPLF IDFHV FKDQJLQJ IURP
QHXWUDO WR VXUSULVH HDVLO\ EXW IDFHV FKDQJLQJ WR KDSS\ ZHUH YHU\ GLIILFXOW EHVW
SHUIRUPDQFH ZDV IRU VXUSULVH IROORZHG E\ GLVJXVW IHDU VDGQHVV DQJHU DQG WKHQ
KDSSLQHVV  +XPSKUH\V HW DO >@ VXJJHVW WKDW VXUSULVH LV PRVW HDVLO\ SHUFHLYHG
EHFDXVHRIWKHIDFLDOPRYHPHQWIURPQHXWUDO DVXGGHQH[SDQVLRQLQWKHORZHUSDUWRI
WKHIDFHZKLFKLVFDXVHGE\WKHGURSSLQJRIWKHMDZDORQJZLWKDQH[SDQVLRQLQWKH
ORZHU DUHD RI WKH H\HV ZKLFK FDXVHG E\ D UDLVLQJ RI WKH H\HEURZV DQG D
FRUUHVSRQGLQJ FRPSUHVVLRQ RI WKH IRUHKHDG  ,QGHHG (NPDQ DQG )ULHVHQ >@>@
GLVFXVVHGDQXPEHURIVLWXDWLRQVLQZKLFKWKHUDSLGLW\ZLWKZKLFKFRPSRQHQWVRIDQ
HPRWLRQDOH[SUHVVLRQDUHGLVSOD\HGFDUULHVLQIRUPDWLRQDERXWWKHH[DFWVLJQLILFDQFHRI
WKHH[SUHVVLRQDQGKDYHFRPHXSZLWKDIDFLDODFWLRQFRGLQJV\VWHP )$&6 
$OWKRXJKWKHVHVWXGLHV KLJKOLJKWWKH LPSRUWDQFH RI G\QDPLF IDFLDO LQIRUPDWLRQ LQ
FRQYH\LQJHPRWLRQDOH[SUHVVLRQIRUDGXOWVWKHUH GRHV QRW DSSHDU WR EH DQ\ REYLRXV
UHVHDUFKZLWK\RXQJFKLOGUHQ+RZHYHULWLVFHUWDLQO\WKHFDVHWKDWG\QDPLFFKDQJHV
FRQYH\LQIRUPDWLRQLQWKHµUHDOZRUOG¶ZKLFKKDVGLUHFWLPSOLFDWLRQVIRUWKHGHVLJQRI
DQLPDWHGFKDUDFWHUV
,Q VXPPDU\ \RXQJ FKLOGUHQ WHQG WR UHO\ RQ WKH HPRWLRQ FRQYH\HG LQ IDFLDO
H[SUHVVLRQV HYHQ ZKHQ WKH\ PLJKW EH LQ FRQIOLFW ZLWK WKH FRQWH[W >@ >@ >@

7KH&RPPXQLFDWLRQRI0HDQLQJIXO(PRWLRQDO,QIRUPDWLRQIRU&KLOGUHQ

7KHVH ILQGLQJV KDYH KLJK UHOHYDQFH IRU 3XSSHW VXJJHVWLQJ WKH QHHG IRU VSHFLILF
HPSLULFDO UHVHDUFK LQWR WKH ZD\V LQ ZKLFK IDFLDO H[SUHVVLRQ FDQ EH HIIHFWLYH LQ D
9LUWXDO (QYLURQPHQW )RU H[DPSOH H[DJJHUDWLRQ RI HPRWLRQDO H[SUHVVLRQ E\ W\SH
XVLQJFDULFDWXUHGIDFHV RULQWHUPVRIWKHWHPSRUDOLQIRUPDWLRQ UDWHDQGPHWKRGRI
FKDQJH IURP RQH HPRWLRQ WR DQRWKHU  SURYLGHV D FOHDU GLUHFWLRQ IRU FRPPXQLFDWLQJ
PHDQLQJIXOHPRWLRQDOLQIRUPDWLRQDERXWWKHLQWHUQDOVWDWHRIDYLUWXDOFKDUDFWHU7KHVH
SRLQWV PD\ EH DQ HIIHFWLYH GHVLJQ VROXWLRQ $QRWKHU IDFWRU FRQFHUQV WKH DJH
FKDUDFWHULVWLFV RI IDFHV IDFHV ZLWK \RXQJHU DJHFKDUDFWHULVWLFV PD\ EH HDVLHU IRU
\RXQJFKLOGUHQWRJDWKHUHPRWLRQDOLQIRUPDWLRQ
7KHUHYLHZJLYHQDERYHGHPRQVWUDWHVWKDWWKHUHDUHDZLGHYDULHW\RILVVXHVZKLFK
DUHUHOHYDQW WR WKH ZD\ LQ ZKLFK ZH PLJKW GHVLJQ WKH DIIHFWLYH EHKDYLRXU RI YLUWXDO
FKDUDFWHUVIRU\RXQJFKLOGUHQ,Q3833(7ZHKDYHEHHQFRQFHUQHGZLWKHVWDEOLVKLQJ
WKH ZD\V LQ ZKLFK H[SUHVVLRQV DUH SHUFHLYHG DQG XWLOLVHG E\  WR  \HDU ROGV 7KLV
SDSHU QRZ JR RQ WR EULHIO\ GHVFULEH VRPH RI RXU LQLWLDO H[SORUDWRU\ HPSLULFDO ZRUN
LQWR \RXQJ FKLOGUHQ V DELOLWLHV WR VHOHFW DQG UHVSRQG WR SDUWLFXODU IRUPV RI IDFLDO
H[SUHVVLRQ



(PSLULFDO6WXGLHV

7KHUH LV D ZHDOWK RI VWXGLHV WKDW QHHG WR EH GRQH LQ WKH SUHVHQW FRQWH[W +HUH ZH
GHVFULEH WKUHH WKDW DGGUHVV VRPH RI WKH GHVLJQ LVVXHV FRQFHUQHG ZLWK KRZ FKLOGUHQ
UHSUHVHQW XQGHUVWDQG  DQG KRZ WKH\ LQWHUSUHW XVH  HPRWLRQDO LQIRUPDWLRQ LQ
LVRODWLRQDQGLQFRQWH[W


6WXG\'LVFULPLQDWLRQRI&DUWRRQ/LNH)DFLDO([SUHVVLRQV

$QLPSRUWDQWGHVLJQLVVXHIRU3833(7LVKRZWRSURYLGHWKHFKLOGZLWKD PHDQVRI
FKDQJLQJWKHHPRWLRQDOVWDWHRIWKHDJHQWDYDWDU)RUH[DPSOH WKHFKLOGPD\ ZDQWLW
WRH[SUHVVKDSSLQHVVDQJHUHWFDIWHUDQLQWHUDFWLRQ*LYHQWKHDJHRIWKHFKLOGUHQD
SLFWRULDO LQWHUIDFH ZDV FRQVLGHUHG WKH EHVW VROXWLRQ +RZHYHU WKLV HPRWLRQDO
LQWHUIDFH QHHGV WR VHUYH WKH FRQWUDGLFWRU\ IXQFWLRQ RI DOORZLQJ FKLOGUHQ WR ERWK
UHFRJQLVH FOHDU HPRWLRQDO FDWHJRULHV ZKLOH DW WKH VDPH WLPH JLYLQJ WKHP HQRXJK
IOH[LELOLW\IRUFUHDWLYHDQGLPDJLQDWLYHH[SUHVVLRQ
7KHUHVHDUFKRXWOLQHGLQWKHSUHYLRXVVHFWLRQKLJKOLJKWVWKHPDLQIDFLDOH[SUHVVLRQV
WKDWDUHPHDQLQJIXOIRUFKLOGUHQLQWHUPVRIWKHLUDELOLW\WRGLVFULPLQDWHEHWZHHQWKHP
HJKDSS\VDGDQJU\DQG IULJKWHQHG  )RU WKH SXUSRVHV RI RXU ILUVW SURWRW\SH WZR
DGGLWLRQDO FDWHJRULHV ZHUH VHOHFWHG D QHXWUDO IDFH ZKLFK SURYLGHV D SRVLWLRQ IURP
ZKLFK FKDQJH FRXOG EH GHWHUPLQHG D FDOP IDFH ZDV DOVR WKRXJKW WR EH LPSRUWDQW
VLQFH LW ZRXOG ILW LQ ZLWK WKH GLPHQVLRQV LGHQWLILHG E\ RXU SDUWQHUV ZKR KDYH
GHYHORSHGD PLQG  IRUWKHVHFKDUDFWHUV VHH$QGUHHWDOLQ WKLV YROXPH ,QWHJUDWLQJ
0RGHOVRI3HUVRQDOLW\DQG(PRWLRQVLQWR/LIHOLNH&KDUDFWHUV 
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Empirical question: Can children discriminate between generated facial
expressions?
7ZR VHWV RI IDFHV ZHUH SURGXFHG RQH VHW ZDV GHULYHG IURP FDULFDWXUHG
SKRWRJUDSKVRID \RXQJFKLOGPRGHOLQJWKHH[SUHVVLRQV 6HW  7KHVHFRQG VHW ZDV
GHULYHGIURPFDUWRRQVRIDQROGHUIDFHDOVRGLVSOD\LQJFDULFDWXUHGH[SUHVVLRQV 6HW 
6L[WHHQ FKLOGUHQ DJHG  DQG  \HDUV ZHUH VHHQ DW D ORFDO VFKRRO 7KH FKLOGUHQ ZHUH
SUHVHQWHG ZLWK WKHVH IDFHV DQG ZHUH DVNHG WR GHVFULEH HDFK RI WKHP LQ WXUQ LQ WKHLU
RZQZRUGV
6HW

6HW

'HVFULSWLRQRIIDFLDOH[SUHVVLRQ

+DSS\

+DSS\$OOFKLOGUHQZHUHDEOHWRFDWHJRULVHWKHVH
IDFHVDVKDSS\6HWIDFHSURGXFHGPRUHYDULDWLRQ
HJKDSS\VPLOLQJJULQQLQJODXJKLQJ WKDQ6HW
RQO\KDSS\DQGVPLOLQJ 
6DG0RVWFKLOGUHQZHUHDEOHWRFDWHJRULVHWKHVH
IDFHVLQWR6DG&U\LQJ*UXPS\RUORQHO\7KHUHZDV
QRGLVWLQFWLRQEHWZHHQWKHWZRVHWV

6DG

$QJU\6HWSURGXFHGPRUHIOH[LELOLW\WKDQVHW
DOWKRXJKWKHPDMRULW\RIGHVFULSWLRQVZHUHVLPLODU
JUXPS\DQJU\IXQQ\PDGFURVVDQGVFDUHG 

$QJU\

)ULJKWHQHG6RPHFKLOGUHQZHUHQRWVXUHDERXW
6HWIDFH HJIXQQ\VLFN EXWWKHPDMRULW\RI
FKLOGUHQGHVFULEHGWKHIDFHVFRQVLVWHQWO\ HJVFDUHG
ZRUULHGIULJKWHQHGVKRFNHGWHUULILHGVSRRN\

)ULJKWHQHG

&DOP7KHVHIDFHVSURGXFHGWKHPRVWIOH[LEOH
GHVFULSWLRQV6HWIDFHVLQFOXGHGPRUHGLYHUVH
HPRWLRQDOFDWHJRULHV QRUPDODOLWWOHDQJU\WKLQNLQJ
TXLWHKDSS\WLUHG WKDQ6HW KDSS\VPLOH\IXQQ\

&DOP

1HXWUDO7KHVHIDFHVSURGXFHGPL[HGHPRWLRQ
GHVFULSWLRQVIURPVRPHRIWKHFKLOGUHQ HJDOLWWOH
KDSS\DQGDOLWWOHVDG DQGQHXWUDOGHVFULSWLRQV HJ
QRUPDO 6RPHFKLOGUHQZHUHXQDEOHWRFDWHJRULVH
WKHP HJGRQ WNQRZ

1HXWUDO



2YHUDOO)LQGLQJV

%DVLFHPRWLRQV KDSS\VDGDQJU\DQGIULJKWHQHG 
7KH IDFHV GLVSOD\LQJ KDSS\ DQG VDG H[SUHVVLRQ VHHPHG WR EH WKH HDVLHVW IRU WKH
FKLOGUHQWRFDWHJRULVHDWOHDVWLQWHUPVRIWKHGHVFULSWLRQVWKDWWKH\JDYH:KLOHWKH
DQJU\ DQG IULJKWHQHG IDFHV SURGXFHG PRUH IOH[LEOH GHVFULSWLRQV WKH PDMRULW\ RI

7KH&RPPXQLFDWLRQRI0HDQLQJIXO(PRWLRQDO,QIRUPDWLRQIRU&KLOGUHQ

FKLOGUHQZHUHDEOHWRFDWHJRULVHWKHHPRWLRQLQOLQHZLWKWKHLQWHQGHGGLVSOD\7KHUH
VHHPHG WR EH OLWWOH GLIIHUHQFH EHWZHHQ WKH WZR VHWV DOWKRXJK 6HW  SURGXFHG PRUH
FRQVLVWHQW GHVFULSWLRQV WKDQ 6HW  2YHUDOO WKHVH UHVXOWV DUH EURDGO\ VLPLODU WR
SUHYLRXVUHVHDUFKXVLQJKXPDQIDFHVZKLFKVXJJHVWVWKDWERWKWKHVHVHWVRIIDFHVDUH
JRRGHQRXJK UHSUHVHQWDWLRQVRIWKHH[SUHVVLRQV
0RUHQHXWUDOIDFHV FDOPDQGQHXWUDO 
7KHVH IDFHV SURGXFHG WKH PRVW IOH[LEOH GHVFULSWLRQV IURP WKH FKLOGUHQ ZLWK VRPH
FKLOGUHQ VXJJHVWLQJ WKDW WKH\ PLJKW GLVSOD\ PL[HG HPRWLRQV ,Q WHUPV RI IOH[LELOLW\
6HW  ZDV EHWWHU WKDQ 6HW  *LYHQ WKDW D PDMRU DLP RI 3XSSHW LV IRU FKLOGUHQ WR
GHYHORSFUHDWLYHDQGLPDJLQDWLYHVWRULHV6HWPD\EHDPRUHVXLWDEOHVHWRIIDFHVWR
LQFRUSRUDWHLQWRWKHGHVLJQRID'SLFWRULDOXVHULQWHUIDFH


6WXG\ D %XLOGLQJ8S&KDUDFWHUV±/LQNLQJ(PRWLRQWR$FWLRQDQG
,QWHQWLRQ

7KLVVWXG\ZDVGHVLJQHGWRH[SORUHKRZFKLOGUHQLQFRUSRUDWHRUXWLOLVHHPRWLRQZKHQ
EXLOGLQJXSDFKDUDFWHU)LYH\HDUROGFKLOGUHQZHUHVHHQIRUWKLVSXUSRVH
(PSLULFDO TXHVWLRQ +RZ HDVLO\ GR FKLOGUHQ PDS IDFLDO H[SUHVVLRQV RQWR D
WKLQNLQJ DQG DFWLQJ FKDUDFWHU"
7KH FKLOGUHQ ZHUH DVNHG WR EXLOG XS D FKDUDFWHU E\ FKRRVLQJ OHJV DUPV DQG IDFHV
DIWHUEHLQJJLYHQDVWHPRIDVWRU\ HJLPDJLQH\RXDUHDIDUPHUDQG\RXKDYHORVWD
ODPE« ,QRQHZLQGRZDVWLFNILJXUHZDVGLVSOD\HGDQGLQDQRWKHUZLQGRZDVHWRI
RSWLRQVRUDWWULEXWHV,QLWLDOO\WKHILJXUHZDVPRWLRQOHVVDQG LQDFWLYH)LUVWWKHFKLOG
FRXOG VHOHFW DQ DFWLRQ DWWULEXWH VXFK DV FKDVLQJ WDONLQJ DQG VHDUFKLQJ :KHQ DQ
DFWLRQ ZDV VHOHFWHG WKH FKLOG FRXOG PRGLI\ WKH DFWLRQ E\ VHOHFWLQJ IURP VXFK
FDWHJRULHV DV FOLPELQJ VKRXWLQJ ZDONLQJ )LQDOO\ WKH FKLOG FRXOG DWWULEXWH WKH
FKDUDFWHU ZLWK DQ HPRWLRQ VHH ILJXUH  EHORZ  )RU D FRPSOHWH SLFWXUH RI WKH
FRPELQDWLRQRIDFWLRQVPRGLILHUVDQGHPRWLRQV VHH)LJXUH
2QFH WKH FKLOG KDG DWWULEXWHG WKH VWLFNPDQ ZLWK DQ HPRWLRQ DFWLRQ RU DFWLRQ
PRGLILHUWKHVWLFNPDQLQWKHILUVWZLQGRZZDVDQLPDWHGWRJLYHGLUHFWIHHGEDFNWRWKH
FKLOG

3DW*HRUJHDQG0DOFROP0F,OOKDJJD

FOLPELQJ
QHXWUDO

UXQQLQJ
FKDVLQJ
VWLFNPDQ

VHDUFKLQ
WDONLQJ

ZDONLQJ

DQJU\

VWDQGLQJ

KDSS\

VKRXWLQJ

VDG

ZKLVSHULQJ
)LJXUH3RVVLEOHFRPELQDWLRQVRIDWWULEXWHVIRUVWLFNPDQ


)LJXUH)DFHVXVHGIRUWKHVWLFN
PDQGLVSOD\LQJDQHXWUDOKDSS\
VDGDQGDQJU\H[SUHVVLRQ

)LJXUH7KHVHLPDJHVDUHVQDSVKRWVWDNHQIURP
DQLPDWLRQVEXLOWXSE\WKHFKLOGVHOHFWLQJGLIIHUHQW
FRPELQDWLRQV7KHOHIWLVDWDONLQJ PRXWKPRYLQJLQWKH
DQLPDWLRQ DQJU\ZDONLQJ ZDONLQJPRYHPHQWLQWKH
DQLPDWLRQ PDQ7KHULJKWLVDFKDVLQJ PRYLQJTXLFNO\
FOLPELQJ VWDLUVWRWKHIDUULJKW KDSS\PDQ

:KHQWKHDQLPDWLRQZDVUXQQLQJWKHFKLOGUHQZHUHHQFRXUDJHGWRHODERUDWHZKDW
WKHFKDUDFWHUZDVWKLQNLQJZKDWWKH\ZHUHGRLQJDVZHOODVZKDWWKH\ZHUHIHHOLQJLI
WKH\KDGQRWDOUHDG\GRQHVR


)LQGLQJV

2YHUDOODOWKRXJKWKHFKLOGUHQZHUHDEOHWREXLOGXSWKHFKDUDFWHUVLQWKLVIDVKLRQDQG
XVH IDFLDO H[SUHVVLRQV WKDW ZHUH DSSURSULDWH HJ LI WKH\ UHSRUWHG WKH IDUPHU ZDV
DQJU\WKH\ZRXOGSLFNDQDQJU\IDFH WKH\GLGQRWILQGWKLVWDVNHQJDJLQJ7KLVPD\

7KH&RPPXQLFDWLRQRI0HDQLQJIXO(PRWLRQDO,QIRUPDWLRQIRU&KLOGUHQ

KLJKOLJKWRQHRIWKHSUREOHPVLQLVRODWLQJRQHVSHFLILFGHVLJQDVSHFWRIWKHSURSRVHG
V\VWHP DQG EXLOGLQJ D SURWRW\SH SURJUDP WR LQYHVWLJDWH SRVVLEOH GHVLJQ LVVXHV LH
DWWULEXWLQJ DFWLRQV DQG IDFLDO H[SUHVVLRQV ZLWKRXW SURYLGLQJ D IUDPHZRUN HJ
DSSURSULDWHRUVXSSRUWLYHFRQWH[W 


6WXG\ E %XLOGLQJ8S6FHQDULRV±(PRWLRQVLQ&RQWH[W

$QLQWHUDFWLYHSURWRW\SH ZLWKLQWKHFRQWH[WRID IDUP\DUG ZDV GHYHORSHG WR H[SORUH
KRZIDUFKLOGUHQFDQGUDJ¶Q¶GURSDSSURSULDWHEHKDYLRXUDODWWULEXWHVIURPDSDOHWWHWR
WKHFKDUDFWHUVDVDIXQFWLRQRIDVLPSOHVWRU\OLQH3DUWRIWKLVLQYROYHGWKHLUVHOHFWLRQ
RIIDFLDOH[SUHVVLRQV
(PSLULFDO TXHVWLRQ +RZ HDVLO\ GR FKLOGUHQ PDS IDFLDO H[SUHVVLRQV ZLWKLQ WKH
FRQWH[WRIWKHLUGHYHORSLQJVWRU\OLQH
7KHSURWRW\SHKDGYDULRXVIXQFWLRQDOLWLHV  DQLPDOVRXQGEXWWRQV ZKLFKSOD\HGSLJ
FRZDQGKRUVHVRXQGV   PRYHEXWWRQV ZKLFKPDGHWKHDQLPDOVPRYHLQGLYLGXDOO\
RU LQ FRPELQDWLRQ IURP RQH VLGH RI WKH ULYHU WR WKHLU KRXVH    IDFLDO H[SUHVVLRQ
EXWWRQV ZKLFK GLVSOD\HG D KDSS\ WKRXJKWIXO DQG DQ DQJU\ H[SUHVVLRQ  DQG 
IDUPHU YRLFH EXWWRQV ZKLFK SOD\HG GLIIHUHQW VHQWHQFHV GHVLJQHG WR PDWFK KDSS\
WKRXJKWIXODQGDQJU\ 
)LJXUHEHORZVKRZVWKHIXOOVHWRIEXWWRQVWKDWZHUHDYDLODEOHWRWKHFKLOGUHQ
DQGDVSHFLILFVFHQDULRWKDWZDVFUHDWHGE\RQHFKLOG+RZHYHUWKHGLIIHUHQWEXWWRQV
RQO\ DSSHDUHG DW VSHFLILF WLPHV )RU H[DPSOH WKH ILUVW VHW ZDV WKH DQLPDO VRXQG
EXWWRQV:KHQWKHFKLOGUHQDWWDFKHGVRXQGVWRWKHDQLPDOVWKH\ZRXOGGLVDSSHDUDQG
WKHPRYHPHQWEXWWRQVZHUHVKRZQ2QO\LIWKHFKLOGVHOHFWHGD IDVW FRZDQGD IDVW
SLJDQG WKH\ ZHUH VHQW KRPH WRJHWKHU ZRXOG D FROOLVLRQ DSSHDU DV ZDV WKH FDVH LQ
)LJXUH   $W WKLV SRLQW D IDUPHU ZRXOG ZDON RQWR WKH VWDJH DQG WKH IDFH EXWWRQV
ZRXOGDSSHDUZKHQRQHZDVVHOHFWHGLWFKDQJHGWKHIDUPHU VIDFHDSSURSULDWHO\WKHQ
WKHYRLFHEXWWRQVZRXOGDSSHDU

)LJXUH3URWRW\SHZLWKDOOEXWWRQVGLVSOD\HG
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)LQGLQJV

7KH FKLOGUHQ ZHUH DEOH WR GUDJ DQG GURS DQG PRXVH FOLFN ZLWK OLWWOH SUDFWLFH 7KH
VRXQGV ZHUH SDUWLFXODUO\ HQMR\DEOH 7KH IXQFWLRQ DQG QXPEHU RI EXWWRQV LV YHU\
LPSRUWDQWWKHVLPSOHU DQGPRUHGLUHFW WKHEHWWHU$OWKRXJK\RXQJFKLOGUHQQHHGHG
VRPHVXSSRUWLQWKHLUH[SORUDWLRQWKH\ZHUHDEOHWRDVVRFLDWHIDFLDOH[SUHVVLRQLQWKLV
FRQWH[W


6WXG\6SRQWDQHRXV6WRU\*HQHUDWLRQZLWK&DUWRRQ)DFHV

7KLV VWXG\ ZDV GHVLJQHG WR H[SORUH KRZ DQG LI \RXQJ FKLOGUHQ ZLOO XVH IDFLDO
H[SUHVVLRQVZLWKLQWKHLUVWRULHV
(PSLULFDOTXHVWLRQ+RZFKLOGUHQXVHIDFLDOH[SUHVVLRQIRUVKRUWVWRU\JHQHUDWLRQ
6L[WHHQ  DQG  \HDU ROG FKLOGUHQ ZHUH DVNHG WR JHQHUDWH D VKRUW VWRU\ IURP WKH
IROORZLQJVWHP&DQ\RXWHOODVWRU\DERXWDIDUPHUDQGDSLJWKDWKDVUDQRII«QR
RWKHUGHWDLOVRULQVWUXFWLRQVZHUHJLYHQ7KH\ZHUHSURYLGHGZLWKWZRSLFWXUHVRQH
GLVSOD\HG D IDUPHU DQG DQRWKHU D SLJ ERWK ZLWK QHXWUDO IDFLDO H[SUHVVLRQV VHH
)LJXUH 7KHFKLOGUHQZHUHDOVRSURYLGHGZLWKIDFLDOH[SUHVVLRQV RQHVHWIRUHDFK
FKDUDFWHU  DQG WROG WKDW WKH\ FRXOG VHOHFW IURP WKHVH IDFLDO H[SUHVVLRQV DQG DWWDFK
WKHPWRWKHFKDUDFWHUVDVDQGZKHQWKH\ZDQWHGWR VHH)LJXUHIRUWKHIDFHV 


)LJXUH7KHWZRLPDJHVXVHGDVDVWDUWLQJSRLQW



)LQGLQJV

$OOWKHFKLOGUHQUHVSRQGHGZLWKHQWKXVLDVPDQGVHHPHGWRHQMR\WKLVWDVNYHU\PXFK
$OWKRXJKWKH\ZHUHHQFRXUDJHGWRWHOODVKRUWVWRU\WKHDYHUDJHQXPEHURIVWRU\OLQHV
ZDV ILYH UDQJH  WR   7KH DYHUDJH QXPEHU RI IDFHV VHOHFWHG ZDV DOVR  UDQJH 
WR DQGWKHDYHUDJHQXPEHURIGLIIHUHQWHPRWLRQDOVWDWHVUHSRUWHGIRUERWKFKDUDFWHUV
ZDV UDQJHWR 

7KH&RPPXQLFDWLRQRI0HDQLQJIXO(PRWLRQDO,QIRUPDWLRQIRU&KLOGUHQ

$ UDWKHU VXUSULVLQJ ILQGLQJ ZDV WKDW DOO WKH FKLOGUHQ VHHPHG WR DGRSW D VLPLODU
VWUDWHJ\ RI ILUVW VHOHFWLQJ D IDFH IRU WKH FKDUDFWHUV DQG DIWHU WKDW HODERUDWLRQ WKH
FKDUDFWHUVDFWLRQVLQWHQWLRQVDQGHPRWLRQDOVWDWH HJDQDQJU\IDFHZDVVHOHFWHGIRU
WKHIDUPHUDQGDKDSS\IDFHZDVVHOHFWHGIRUWKHSLJWKHQWKHFKLOGUHSRUWHGZKDWWKH
IDUPHUDQGWKHSLJZHUHGRLQJDQGWKHQZKDWWKH\IHOWVHH)LJXUH 


)LJXUH$VHOHFWLRQIURPRQHFKLOG VVWRU\7KHIDUPHULVDQJU\EHFDXVHWKHSLJKDVUDQRII
7KHSLJLVKDSS\EHFDXVHKHFDQH[SORUH«

7KHUHDUHDQXPEHURILVVXHVUDLVHGE\WKLVWDVNWKDWDUHHPSLULFDOTXHVWLRQVLQWKHLU
RZQ ULJKW DQG GHVHUYH IXUWKHU LQYHVWLJDWLRQ $Q LPSRUWDQW SRLQW LV WKDW WKH FKLOGUHQ
GLGVHHPWRHQMR\WKHWDVNYHU\PXFK7KHUHVXOWVGRVXJJHVWWKDWXVLQJIDFHVPD\LQ
VRPH ZD\ DOORZ WKH FKLOGUHQ WR EH FUHDWLYH DQGRU VXSSRUW WKH H[SUHVVLRQ RI VWRU\
OLQHV WKDW LQFOXGH WKH LQWHQWLRQV DQG PRRG RI WKH FKDUDFWHU +RZHYHU DQ HPSLULFDO
VWXG\VSHFLILFDOO\DGGUHVVLQJWKLVSRLQWLVLQGLFDWHG


2YHUDOO6XPPDU\RI)LQGLQJV

,Q WKH IROORZLQJ VWXGLHV ZH KDYH DGGUHVVHG VHYHUDO LVVXHV &KLOGUHQ ZHUH DEOH WR
GLVFULPLQDWH EHWZHHQ WKH GLIIHUHQW FDUWRRQOLNH IDFHV SUHYLRXV UHVHDUFK GHVFULEHV
VLPLODUGLVFULPLQDWLRQVXVLQJKXPDQIDFHV&KLOGUHQZHUHDEOHWREXLOGXSDFKDUDFWHU
DFWLRQVIDFHVDQGDFWLRQPRGLILHUVDQG ZHUHDEOHWRXVHIDFLDOH[SUHVVLRQV ZLWKLQD
VWRU\ WHOOLQJ FRQWH[W 7KH ILQDO VWXG\ VKRZV WKDW FKLOGUHQ FDQ XVH IDFLDO H[SUHVVLRQV
FUHDWLYHO\ IDFLDO H[SUHVVLRQV FDQ EH XVHG WR HODERUDWH WKH SURWDJRQLVWV LQWHQWLRQV
JRDOVDQGHPRWLRQ



&RQFOXVLRQ

&KLOGUHQDUHSULPDULO\LQIOXHQFHGE\YLVXDOFXHVSDUWLFXODUO\IDFLDOLQIRUPDWLRQ:KDW
VRUW RI IDFHV VKRXOG ZH XVH" )RU DGXOWV DQG FKLOGUHQ IDFHV WKDW DUH FDULFDWXUHV DUH
HDVLHUWRSURFHVVDQGFRQYH\PRUHLQIRUPDWLRQ)DFHVWKDWUHIOHFWWKHDJHRIWKHXVHU
FDQDOVREHXVHGWRFRQYH\PRUHLQIRUPDWLRQ)DPLOLDULW\LVDOVRDIDFWRULIWKHXVHU
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KDVLQWHUDFWHG ZLWKDQVRPHRQHRYHUDQH[WHQGHGSHULRGHPRWLRQDOLQIRUPDWLRQFDQ
EHFRQYH\HGLQDPRUHVXEWOHIDVKLRQ$OWKRXJKWKLVLVNQRZQIRUKXPDQ IDFHVWKLV
VWLOOKDVWREHLQYHVWLJDWHGIRUFDUWRRQOLNHIDFHV
:KHQWKLQNLQJDERXWKRZWR DSSURDFK GHVLJQ GHFLVLRQV IRU RXU SURMHFW WKHUH LV D
PDUNHGODFNRIJXLGDQFHLQWKHOLWHUDWXUHDVWRKRZ\RXQJFKLOGUHQPLJKWXQGHUVWDQG
DQG LQWHUSUHW WKH EHKDYLRXU RI YLUWXDO FKDUDFWHUV DQG WKHLU HPRWLRQDO VLJQDOV 2XU
ILQGLQJV LQGLFDWH WKDW FKLOGUHQ DUH DEOH WR XVH IDFLDO H[SUHVVLRQ ZKHQ EXLOGLQJ XS
FKDUDFWHUVLQVSHFLILFVLWXDWLRQV7KH\FDQDOVRXVHIDFLDOH[SUHVVLRQLQWKHFRQWH[WRI
VWRU\WHOOLQJ,WDSSHDUVIURPRXUVWXGLHVWKDWXVLQJIDFLDOH[SUHVVLRQVPD\HYHQEHWWHU
HQDEOHFKLOGUHQWRHODERUDWHRQDFKDUDFWHU¶VLQWHQWLRQVJRDOVDQGHPRWLRQ7KLVLVVXH
LVDPDWWHUIRUIXUWKHULQYHVWLJDWLRQ
,QRXUSURSRVHGV\VWHPZHQHHGWRSURYLGHDPHDQVRIHQDEOLQJFKLOGUHQWRFKDQJH
WKHHPRWLRQDOVWDWHRIDFKDUDFWHU3UHYLRXVUHVHDUFKKDVSURYLGHGOLWWOHGLUHFWLRQDVWR
DQ DSSURSULDWH DSSURDFK WR WKLV SUREOHP *LYHQ WKH DJH RI WKH FKLOGUHQ DQG WKH
GLIIHUHQW W\SHV RI FKDUDFWHUV WKDW ZLOO LQKDELW WKH ZRUOG DEVWUDFW FDUWRRQ OLNH
UHSUHVHQWDWLRQVSURYLGHIOH[LELOLW\7KH\QHHGWRGRVRLQRUGHUWREHXVHGIRUPXOWLSOH
FKDUDFWHUV3UHYLRXVUHVHDUFKWKDWKDVXVHGKXPDQIDFHVKDVSURYLGHGDVVWDUWLQJSRLQW
DVWRZKLFKEDVLFFDWHJRULHVFKLOGUHQFDQGLVFULPLQDWHHDVLO\ :HKDYHH[WHQGHGWKLV
UHVHDUFKE\XVLQJFDUWRRQ OLNH UHSUHVHQWDWLRQV 2XU UHVXOWV VXJJHVW WKDW DOWKRXJK WKH
FKLOGUHQ FDQ GLVFULPLQDWH WKH FDUWRRQ OLNH UHSUHVHQWDWLRQV HDVLO\ WKH\ DOVR QHHG WR
KDYH IDFHV WKDW DUH µQHXWUDO¶ QRW MXVW EDVLF HPRWLRQV DV LGHQWLILHG E\ SUHYLRXV
UHVHDUFK DVWKH\VXSSRUWFUHDWLYHDQGLPDJLQDWLYHSOD\2XUILQDOVWXG\GHPRQVWUDWHG
WKDWHPRWLRQDOH[SUHVVLRQVWKDWDUHIOH[LEOHFDQEHXVHGLQDFUHDWLYHDQGLPDJLQDWLYH
ZD\ E\ WKH FKLOGUHQ LQ DQ LPSURYLVDWLRQDO VLWXDWLRQ 7KXV FDUWRRQ IDFHV WKDW DUH
GHULYHG IURP H[DJJHUDWHG YHUVLRQV FDULFDWXUHG  RI FKLOG IDFHV SURYLGHG D GHVLJQ
VROXWLRQIRURXUV\VWHP
:HVXJJHVWWKDWLQRUGHUWRHPSRZHUWKHXVHUZLWKDULFKHUPRGHORIWKHFKDUDFWHUV
WKDWWKH\LQWHUDFWZLWKWKHGHVLJQHUVKRXOGIRFXVWKHLUDWWHQWLRQRQPHFKDQLVPVVXFK
DV IDFLDO H[SUHVVLRQ DQG H[DJJHUDWLRQ ZKLFK EHWWHU FRPPXQLFDWH PHDQLQJIXO
HPRWLRQDOLQIRUPDWLRQ

$FNQRZOHGJHPHQWV
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHVXSSRUWIURPWKH(8(VSLULWL(6(SURJUDPPH
3URMHFW(3DQGHVSHFLDOO\WR'U0LNH6FDLIHDQG'U<YRQQH5RJHUVZKRDUH
WKH SULQFLSOH LQYHVWLJDWRUV RQ WKH SURMHFW :H DOVR ZRXOG OLNH WR DFNQRZOHGJH WKH
FRQWULEXWLRQRIRXUSDUWQHUV/,$8QLYHUVLW\RI$DOERUJ'HQPDUN,'$88QLYHUVLW\
RI $DUKXV 'HQPDUN DQG ')., 6DDUEUXFNHQ *HUPDQ\ )LQDOO\ ZH ZRXOG OLNH WR
WKDQN DOO WKH FKLOGUHQ ZKR WRRN SDUW LQ RXU VWXGLHV WKHLU SDUHQWV DQG WKH VFKRROV LQ
(DVW6XVVH[8.

7KH&RPPXQLFDWLRQRI0HDQLQJIXO(PRWLRQDO,QIRUPDWLRQIRU&KLOGUHQ

5HIHUHQFHV
 %UXFH95HFRJQLVLQJ)DFHV/DZUHQFH(UOEDXP$VVRFLDWHV/RQGRQ 
 &DPUDV / $ DQG $OOLVRQ . &KLOGUHQ¶V XQGHUVWDQGLQJ RI HPRWLRQDO IDFLDO
H[SUHVVLRQVDQGYHUEDOODEHOV-RXUQDORI1RQYHUEDO%HKDYLRU  
 &ROH-$ERXW)DFH0,73UHVV&DPEULGJH0$ 
 (OOLRW & 5HVHDUFK 3UREOHPV LQ WKH 8VH RI D 6KDOORZ $UWLILFLDO ,QWHOOLJHQFH
0RGHORI3HUVRQDOLW\DQG(PRWLRQ3URFHHGLQJVRIWKHWK1DWLRQDO&RQIHUHQFH
RQ$UWLILFLDO,QWHOOLJHQFH$$$,3UHVV  

 (NPDQ 3 3LFWXUHV RI IDFLDO DIIHFW &RQVXOWLQJ 3V\FKRORJLVWV 3UHVV 3DOR $OWR

&DOLIRUQLD 
 (NPDQ 3 DQG )ULHVHQ 0 9 )DFLDO DFWLRQ FRGLQJ V\VWHP D WHFKQLTXH IRU WKH
PHDVXUHPHQW RI IDFLDO PRYHPHQW &RQVXOWLQJ 3V\FKRORJLVWV 3UHVV 3DOR $OWR
&DOLIRUQLD 
 (NPDQ3)ULHVHQ:9(OOVZRUWK3:KDWDUHWKHVLPLODULWLHVDQGGLIIHUHQFHV
LQIDFLDOEHKDYLRXUDFURVVFXOWXUHV",Q3(NPDQ (GLWRU (PRWLRQLQWKHKXPDQ
IDFHQG(GLWLRQ&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH  
 (OOLV+''HYHORSPHQWDOWUHQGVLQIDFHUHFRJQLWLRQ7KH3V\FKRORJLVW%XOOHWLQ
RIWKH%ULWLVK3V\FKRORJLFDO6RFLHW\  
 )OHPLQJ % 'REEV ' $QLPDWLQJ )DFLDO )HDWXUHV DQG ([SUHVVLRQV &KDUOHV
5LYHU0HGLD,QF5RFNODQG0DVVDFKXVHWWV 
 GH *HOGHU 7HXQLVVH %HQVRQ &DWHJRULFDO SHUFHSWLRQ RI IDFLDO H[SUHVVLRQV
FDWHJRULHVDQGWKHLULQWHUQDOVWUXFWXUH&RJQLWLRQDQG(PRWLRQ  
 *HRUJH 3$ +ROH *- 5HFRJQLVLQJ WKH DJHLQJ IDFH WKH UROH RI DJH LQ IDFH
SURFHVVLQJ3HUFHSWLRQ  
 *HRUJH 3$ +ROH *- )DFWRUV LQIOXHQFLQJ WKH DFFXUDF\ RI DJHHVWLPDWHV RI
XQIDPLOLDUIDFHV3HUFHSWLRQ  
 *HRUJH3$6FDLIH0+ROH*-)DFWRUVLQIOXHQFLQJ\RXQJFKLOGUHQ¶VDELOLW\
WR GLVFULPLQDWH XQIDPLOLDU IDFHV E\ DJH ,QWHUQDWLRQDO -RXUQDO RI %HKDYLRXUDO
'HYHORSPHQW,QSUHVV 
 *QHSS-&KLOGUHQ¶VVRFLDOVHQVLWLYLW\LQIHUULQJHPRWLRQVIURPFRQIOLFWLQJFXHV
'HYHORSPHQWDO3V\FKRORJ\  
 +DUULJDQ , 7KH HIIHFWV RI WDVN RUGHU RQ FKLOGUHQ¶V LGHQWLILFDWLRQ RI IDFLDO
H[SUHVVLRQV0RWLYDWLRQDQG(PRWLRQ  
 +XPSKUH\V * : 'RQQHOO\ 1 5LGGRFK 0 - ([SUHVVLRQ LV FRPSXWHG
VHSDUDWHO\ IURP IDFLDO LGHQWLW\ DQG LW LV FRPSXWHG VHSDUDWHO\ IRU PRYLQJ DQG
VWDWLFIDFHV1HXURSV\FKRORJLFDOHYLGHQFH1HXURSV\FKRORJLD  

 ,DQQRWWL5-(IIHFWRIUROHWDNLQJH[SHULHQFHVRQUROHWDNLQJHPSDWK\DOWUXLVP
DQGDJJUHVVLRQ'HYHORSPHQWDO3V\FKRORJ\  
 /HVOLH $0 3UHWHQFH DQG UHSUHVHQWDWLRQ WKH RULJLQV RI ³WKHRU\ RI PLQG´
3V\FKRORJLFDO5HYLHZ  
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 0DUNKDP DQG $GDPV 7KH HIIHFW RI W\SH RI WDVN RQ FKLOGUHQ¶V LGHQWLILFDWLRQ RI
IDFLDOH[SUHVVLRQV-RXUQDORI1RQYHUEDO%HKDYLRU  
 0DUNKDP5DQG:DQJ/5HFRJQLWLRQRIHPRWLRQE\&KLQHVHDQG$XVWUDOLDQ
FKLOGUHQ-RXUQDORI&URVV&XOWXUDO3V\FKRORJ\  
 0LFKDOVRQ/DQG/HZLV0:KDWGRFKLOGUHQNQRZDERXWHPRWLRQVDQG ZKHQ
GR WKH\ NQRZ LW" ,Q 0 /HZLV DQG & 6DDUQL (GLWRUV  7KH VRFLDOL]DWLRQ RI
HPRWLRQV  3OHQXP3UHVV1HZ<RUN
 3LWFDLUQ72ULJLQVDQGSURFHVVLQJRIIDFLDOH[SUHVVLRQ,Q$<RXQJDQG+(OOLV
(GLWRUV +DQGERRNRIUHVHDUFKRQIDFHSURFHVVLQJ(OVHYLHU$PVWHUGDP  

 4XDVWKRII80$QLQWHUDFWLYHDSSURDFKWRQDUUDWLYHGHYHORSPHQW,Q%DPEHUJ
0 (GLWRU  1DUUDWLYH 'HYHORSPHQW 6L[ $SSURDFKHV /DZUHQFH (UOEDXP
/RQGRQ 
 0DUNKDP 5 :DQJ / 5HFRJQLWLRQ RI HPRWLRQ E\ &KLQHVH DQG $XVWUDOLDQ
FKLOGUHQ-RXUQDORI&URVV&XOWXUDO3V\FKRORJ\  
 5HLFKHQEDFK,0DVWHUV-&KLOGUHQ¶VXVHRIH[SUHVVLYHDQGFRQWH[WXDOFXHVLQ
MXGJHPHQWVRIHPRWLRQ&KLOG'HYHORSPHQW  
 6LQJHU - / ,PDJLQDWLYH SOD\ DQG DGDSWLYH GHYHORSPHQW ,Q - + *ROGVWHLQ
(GLWRU  7R\V 3OD\ DQG &KLOG 'HYHORSPHQW &DPEULGJH 8QLYHUVLW\ 3UHVV
&DPEULGJH 
 6WHYHQDJH 6 ([SHUWLVH DQG WKH FDULFDWXUH DGYDQWDJH ,Q 7 9DOHQWLQH (GLWRU
&RJQLWLYH DQG &RPSXWDWLRQDO $VSHFWV RI )DFH 5HFRJQLWLRQ ([SORUDWLRQ LQ IDFH
VSDFH5RXWOHGJH/RQGRQ 
 7UHPEOD\&.LURXDF*DQG'RUH)7KHUHFRJQLWLRQRIDGXOWV¶DQGFKLOGUHQ¶V
IDFLDOH[SUHVVLRQVRIHPRWLRQ-RXUQDORI3V\FKRORJ\  
 9DOHQWLQH 7 $ XQLILHG DFFRXQW RI WKH HIIHFWV RI GLVWLQFWLYHQHVV LQYHUVLRQ DQG
UDFH RQ IDFH UHFRJQLWLRQ 4XDUWHUO\ -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\ $
 
 9LQGHQ 3* &KLOGUHQ V XQGHUVWDQGLQJ RI PLQG DQG HPRWLRQ $ PXOWLFXOWXUH
VWXG\&RJQLWLRQDQG(PRWLRQ  
 9\JRWVN\/67KHUROHRISOD\LQGHYHORSPHQW,Q0&ROH9-RKQ6WHLQHU6
6FULEQHUDQG(6RXEHUPDQ (GLWRUV 0LQGLQ6RFLHW\+DUYDUG8QLYHUVLW\3UHVV
&DPEULGJH0$ 

(PRWLRQDQG)DFLDO([SUHVVLRQ
7KRPDV:HKUOHDQG6XVDQQH.DLVHU
8QLYHUVLW\RI*HQHYD'HSDUWPHQWRI3V\FKRORJ\
%RXOHYDUGGX3RQWG¶$UYH&+*HQHYD6ZLW]HUODQG
Thomas.Wehrle@pse.unige.ch

$EVWUDFW )DFLDO H[SUHVVLRQ LV XVXDOO\ V\QWKHVL]HG RU SUHGLFWHG RQ WKH
EDVLV RI D JLYHQ HPRWLRQ 7KH SURWRW\SLFDO H[SUHVVLRQV IRU EDVLF
HPRWLRQV KDSSLQHVV VDGQHVV VXUSULVH GLVJXVW DQJHU DQG IHDU  DV
SRVWXODWHG E\ GLVFUHWH HPRWLRQ SV\FKRORJLVWV DUH UDWKHU FRQVLVWHQWO\
SURGXFHGDQGLQWHUSUHWHGDPRQJGLIIHUHQWFXOWXUHVDQGFDQEH XVHG DV
LFRQV WR UHSUHVHQW D EDVLF HPRWLRQ +RZHYHU WKHVH IDFLDO H[SUHVVLRQV
DUHDFWXDOO\UDUHO\ REVHUYDEOH LQ HYHU\ GD\ DIIHFWLYH HSLVRGHV EHFDXVH
RIWKHFRPSOH[LW\DQGPXOWLIXQFWLRQDOQDWXUHRIIDFLDOH[SUHVVLRQDQGD
KLJK LQWHULQGLYLGXDO YDULDQFH 7KLV DUWLFOH VNHWFKHV WKH GLIIHUHQW
IXQFWLRQV RI IDFLDO H[SUHVVLRQ DQG SUHVHQWV DQG DOWHUQDWLYH ZD\ WR
SUHGLFW V\QWKHVL]H DQG XQGHUVWDQG IDFLDO EHKDYLRU :H SUHVHQW DQ
HPSLULFDOVHWWLQJZKLFKDOORZVXVWRFROOHFWEHKDYLRUDOGDWDLQKXPDQ
FRPSXWHULQWHUDFWLRQVDQGVKRZVRPHH[DPSOHVIURPHPSLULFDOVWXGLHV
DVZHOO DV D FRPSXWDWLRQDO PRGHO IRU IDFLDO H[SUHVVLRQ RQ WKH EDVLV RI
DSSUDLVDOWKHRU\



,QWURGXFWLRQ

,Q UHFHQW \HDUV WKH LPSRUWDQFH RI HPRWLRQV DQG HPRWLRQ H[SUHVVLRQ LQ KXPDQ
LQWHUDFWLRQVKDVEHHQZLGHO\DFFHSWHG6WXG\LQJWKHIXQFWLRQVRIIDFLDOH[SUHVVLRQVLV
QRWRQO\RILQWHUHVWLQWKHGRPDLQRISV\FKRORJ\DQGRWKHUVRFLDOVFLHQFHVEXWDOVRLQ
WKH GRPDLQ RI FRPSXWHU VFLHQFH DQG FRPSXWDWLRQDO LQWHOOLJHQFH 7KHUH H[LVW DQ
LQFUHDVLQJ QXPEHU RI UHVHDUFK JURXSV WKDW DUH GHYHORSLQJ FRPSXWHU LQWHUIDFHV ZLWK
V\QWKHWLF IDFLDO GLVSOD\V HJ >@ >@ >@  7KHVH UHVHDUFKHUV DWWHPSW WR XVH WKHVH
IDFLDO GLVSOD\V DV D QHZ PRGDOLW\ WKDW VKRXOG PDNH WKH LQWHUDFWLRQ PRUH HIILFLHQW
ZKLOH OHVVHQLQJ WKH FRJQLWLYH ORDG ,Q DGGLWLRQ VHYHUDO UHVHDUFKHUV SRLQW RXW WKDW
DXWRPDWLFLQWHUSUHWDWLRQRIJHVWXUHVDQGIDFLDOH[SUHVVLRQV ZRXOG DOVR LPSURYH PDQ
PDFKLQHLQWHUDFWLRQ HJ>@>@ 7KLVDUWLFOHDLPVDWLOOXVWUDWLQJKRZDQDSSUDLVDO
EDVHG DSSURDFK WR WKH XQGHUVWDQGLQJ RI WKH UHODWLRQ EHWZHHQ HPRWLRQ DQG IDFLDO
H[SUHVVLRQV PLJKW EH LQVWUXPHQWDO IRU WKHVH WZR GRPDLQV DQG WKHLU SRVVLEOH
DSSOLFDWLRQV LH D  IDFLDO H[SUHVVLRQ V\QWKHVLV DQLPDWHG LQWHOOLJHQW DJHQWV  DQG E
DXWRPDWLFH[SUHVVLRQUHFRJQLWLRQ GHFRGLQJWKHHPRWLRQDOVWDWHRIWKHXVHU 

$03DLYD (G $IIHFWLYH,QWHUDFWLRQV/1$,SS
©6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ

7KRPDV:HKUOHDQG6XVDQQH.DLVHU
7KHQHZILHOGRIDIIHFWLYHFRPSXWLQJORFDWHGEHWZHHQSV\FKRORJ\HQJLQHHULQJ
DQG QDWXUDO VFLHQFHV GHPRQVWUDWHV WKH SURPLVH IRU LQWHUGLVFLSOLQDU\ FROODERUDWLRQ LQ
WKHVHGRPDLQV>@$OWKRXJKWKHDWWHPSWWRLPSOHPHQWVSHFLILFPRGHOVRIWKHHPRWLRQ
SURFHVVLVQRWQHZ IRUUHYLHZVVHH>@>@>@>@ WKHDYDLODELOLW\RISRZHUIXO
WHFKQLTXHV LQ DUWLILFLDO LQWHOOLJHQFH DQG WKH LQFUHDVLQJ IRFXV RQ HQKDQFHG XVHU
LQWHUIDFHV ZKLFK VKRXOG LPSURYH WKH XVDELOLW\ RI FRPSXWHU DSSOLFDWLRQV UHQGHU WKLV
DSSURDFKSDUWLFXODUO\SURPLVLQJ7KLVERRNZKLFKLVWKHUHVXOWRIDQLQWHUGLVFLSOLQDU\
ZRUNVKRSRQDIIHFWLYHLQWHUDFWLRQDOVRGHPRQVWUDWHVWKLVSURJUHVV:LWKLQWKLVILHOGDQ
LPSRUWDQWGLVWLQFWLRQKDVWREHPDGHEHWZHHQWKHRU\PRGHOLQJRQWKHRQHKDQGDQG
DUWLILFLDO HPRWLRQV RQ WKH RWKHU :KHUHDV WKH ODWWHU GRPDLQ LV FRQFHUQHG ZLWK WKH
DSSOLFDWLRQ RI HPRWLRQ WKHRULHV WR XVHU LQWHUIDFHV DQG WKH GHVLJQ RI DXWRQRPRXV
HPRWLRQDODJHQWVWKHRU\PRGHOLQJVHUYHVWKHSXUSRVHWRLPSURYHRXUXQGHUVWDQGLQJRI
WKHSKHQRPHQRQRIHPRWLRQLQKXPDQV IRUPRUHGHWDLOVVHH>@>@ $OWKRXJKRXU
UHVHDUFK LQWHUHVWV DUH PRUH OLQNHG WR WKH ODWWHU SXUSRVH ZH WKLQN WKDW DQ
LQWHUGLVFLSOLQDU\ DSSURDFK LV XVHIXO DQG DOVR QHFHVVDU\ LQ RUGHU WR GHYHORS HIILFLHQW
³HPRWLRQDOLQWHUIDFHV´
:H DUH XVLQJ KXPDQFRPSXWHU LQWHUDFWLRQV DQG LQWHUDFWLYH FRPSXWHU JDPHV LQ
RUGHUWRVWXG\WKHRQJRLQJG\QDPLFFRJQLWLYHDQGHPRWLRQDOSURFHVVHVLQFOXGLQJWKH
VLWXDWHGEHKDYLRUDQGWKHYHUEDODQG QRQYHUEDO H[SUHVVLRQ 7KH H[SHULPHQWDO VHWWLQJ
DOORZVXVWRVWXG\WKHG\QDPLFVRIHPRWLRQDOHSLVRGHVLQ D PRUH LQWHUDFWLYH PDQQHU
WKDQLWLVXVXDOO\GRQHLQFODVVLFDOH[SHULPHQWDOVHWWLQJV2QHUHDVRQZK\WUDGLWLRQDO
HPRWLRQ LQGXFWLRQ WHFKQLTXHV RIWHQ WULJJHU RQO\ UDWKHU ZHDN DQG QRW FOHDUO\ GHILQHG
HPRWLRQDOVWDWHVPLJKWEHWKDWVXEMHFWVDUHQRWUHDOO\LQYROYHGDQGRUWKDWWKH\KDYHWR
YHUEDOL]H WKHLU HPRWLRQDO VWDWH LQVWHDG RI UHDFWLQJ WR DQ HPRWLRQ HOLFLWLQJ HYHQW RU
VLWXDWLRQ7KLVLVGLDPHWULFDOO\RSSRVHGWRRQHRIWKHPRVWDGDSWLYHIXQFWLRQVRIRXU
HPRWLRQDOLW\LHWRJXLGHRXUEHKDYLRULQVLWXDWLRQVWKDWDUHLPSRUWDQWIRURXUJRDOV
DQGQHHGVDQGWKDWUHTXLUHLPPHGLDWHFRJQLWLYHDQGEHKDYLRUDOUHVSRQVHV,QUHDOOLIH
VLWXDWLRQVZHDUHQRWFDSDEOHRIGHYHORSLQJ³WKHSHUIHFWVROXWLRQ´WRDSUREOHP:H
FDQQRW FRQVLGHU HYHU\ DVSHFW RI LPDJLQDEOH GHFLVLRQV RU UHDFWLRQV HJ DOO SRVVLEOH
VKRUWDQGORQJWHUPFRQVHTXHQFHV<HWLQPDQ\FDVHVHPRWLRQVKHOSXVWRILQGJRRG
VROXWLRQV:HUHIHUWRWKLVDVHPRWLRQDOSUREOHPVROYLQJ(PRWLRQDOSUREOHPVROYLQJ
LVQRWD\HVRUQRGHFLVLRQPDNLQJEXWDSURFHVVWKDWXQIROGVLQHPRWLRQDOHSLVRGHV
'HFLVLRQVDUHDGDSWHGDQGFKDQJHGDFFRUGLQJWRWKHG\QDPLFFKDQJHVLQWKHH[WHUQDO
HQYLURQPHQW DQG DFFRUGLQJ WR FKDQJHV FDXVHG E\ LQWHUQDO SURFHVVHV FRQFHUQLQJ IRU
LQVWDQFH PHPRU\ PRWLYHV DQG YDOXHV )ROORZLQJ FRJQLWLYH HPRWLRQ WKHRU\ ZH FDQ
GHVFULEH DQ HPRWLRQDO HSLVRGH DV D SURFHVV RI SULPDU\ DSSUDLVDO WKH VXEMHFWLYHO\
HVWLPDWHG VLJQLILFDQFH RI DQ HYHQW IRU RQH¶V ZHOO EHLQJ  VHFRQGDU\ DSSUDLVDO WKH
VXEMHFWLYHO\HVWLPDWHGDELOLW\WRFRSHZLWKWKHFRQVHTXHQFHVRIDQHYHQW FRSLQJDQG
UHDSSUDLVDOLQDWUDQVDFWLRQDOLQWHUDFWLRQ>@
$VVXJJHVWHGE\/HYHQWKDODQG6FKHUHU>@WKHVHDSSUDLVDOSURFHVVHVFDQRFFXUDW
GLIIHUHQWOHYHOVDQGDUHRIWHQYHU\IDVWDQGDXWRPDWLF$SSUDLVDO SURFHVVHV RFFXUULQJ



 2QH WUDGLWLRQDO DSSURDFK WR VWXG\ HPRWLRQV LV E\ DVNLQJ SHRSOH WR UHPHPEHU DV YLYLGO\ DV
SRVVLEOH D VLWXDWLRQ ZKHUH WKH\ H[SHULHQFHG D FHUWDLQ HPRWLRQ $QRWKHU DSSURDFK WULHV WR
HYRNH HPRWLRQV ZLWK WKH DLG RI VHOHFWHG YLGHR VHTXHQFHV WKDW DUH MXGJHG DV HPRWLRQDOO\
DURXVLQJ

(PRWLRQDQG)DFLDO([SUHVVLRQ

RQ WKH VHQVRU\PRWRU RU VFKHPDWLF OHYHO DUH UDUHO\ RU RQO\ ZLWK JUHDW GLIILFXOW\
DFFHVVLEOH WKURXJK YHUEDOL]DWLRQ 2QH UHDVRQ IRU DQDO\]LQJ IDFLDO H[SUHVVLRQV LQ
HPRWLRQDOLQWHUDFWLRQVLVWKHKRSHWKDWWKHVHSURFHVVHVPLJKWEHDFFHVVLEOHRULQGLFDWHG
E\IDFLDOH[SUHVVLRQV$QRWKHUUHDVRQIRUDQDO\]LQJIDFLDOH[SUHVVLRQVLQH[SHULPHQWDO
HPRWLRQ UHVHDUFK LV WKDW WKHVH DUH QDWXUDOO\ DFFRPSDQ\LQJ DQ HPRWLRQDO HSLVRGH
ZKHUHDV DVNLQJ VXEMHFWV DERXW WKHLU IHHOLQJV LQWHUUXSWV DQG FKDQJHV WKH RQJRLQJ
SURFHVV
6WDUWLQJIURPDGHVFULSWLRQRIWKHPXOWLSOHIXQFWLRQVRIIDFLDOEHKDYLRUWKLVDUWLFOH
GHVFULEHV WKH PHWKRGRORJLFDO DQG WKHRUHWLFDO FKDOOHQJHV WR VWXG\LQJ WKH UHODWLRQ
EHWZHHQ HPRWLRQ DQG IDFLDO H[SUHVVLRQV :H SUHVHQW WZR PDLQVWUHDPV LQ HPRWLRQ
WKHRU\ZKLFKLVGLVFUHWHHPRWLRQWKHRU\SRVWXODWLQJEDVLFHPRWLRQVDQGFRPSRQHQWLDO
DSSUDLVDO WKHRU\ SUHVHQWLQJ DQ DSSUDLVDOEDVHG DSSURDFK DV DQ DOWHUQDWLYH
FRQFHSWXDOL]DWLRQ6SHFLILFDOO\ZHGLVFXVVKRZFRQFHSWXDOL]LQJIDFLDOH[SUHVVLRQVDV
LQGLFDWRUVRIDSSUDLVDOVLQVWHDGRIEDVLFHPRWLRQVPLJKWKHOSWRDQDO\]HDQGV\QWKHVL]H
IDFLDO EHKDYLRU LQ HPRWLRQDO LQWHUDFWLRQV )LQDOO\ ZH SUHVHQW DQ HPSLULFDO SDUDGLJP
IRU DQDO\]LQJ IDFLDO H[SUHVVLRQV LQ HPRWLRQDO LQWHUDFWLRQV DQG GLVFXVV VRPH UHVXOWV
ZLWKUHVSHFWWRFXUUHQWHPRWLRQWKHRU\



7KH0XOWLIXQFWLRQDOLW\RI)DFLDO%HKDYLRU

)DFLDOH[SUHVVLRQVFDQKDYHGLIIHUHQWIXQFWLRQVDQGPHDQLQJV>@>@>@$VPLOH
RUDIURZQIRULQVWDQFHFDQKDYHGLIIHUHQWPHDQLQJV,WFDQEH








DVSHHFKUHJXODWLRQVLJQDO UHJXODWRU DOLVWHQHUUHVSRQVH EDFNFKDQQHOVLJQDO 
WHOOLQJ WKH VSHDNHU WKDW KH FDQ JR RQ WDONLQJ DQG WKDW KLV ZRUGV KDYH EHHQ
XQGHUVWRRG
DVSHHFKUHODWHGVLJQDO LOOXVWUDWRU DVSHDNHUFDQUDLVHKLVH\HEURZVLQRUGHUWR
OD\ SDUWLFXODU HPSKDVLV RQ KLV RU KHU DUJXPHQWDWLRQ 7KH IDFLDO VLJQDOV FDQ DOVR
PRGLI\ RU HYHQ FRQWUDGLFW WKH YHUEDO PHVVDJHV HJ D VPLOH WKDW LQGLFDWHV WKDW
ZKDWLVEHLQJVDLGLVQRWPHDQWWREHWDNHQVHULRXVO\
D PHDQV IRU VLJQDOLQJ UHODWLRQVKLS LQVWDOOLQJ PDLQWDLQLQJ RU DERUWLQJ D
UHODWLRQVKLSHJZKHQDFRXSOHLV GLVFXVVLQJ D FRQWURYHUVLDO WRSLF D VPLOH FDQ
LQGLFDWH WKDW DOWKRXJK WKH\ GLVDJUHH RQ WKH WRSLF WKHUH LV QR GDQJHU IRU WKH
UHODWLRQVKLS
DQLQGLFDWRUIRUFRJQLWLYHSURFHVVHVHJIURZQLQJRIWHQRFFXUVZKHQVRPHERG\
GRHV VRPH KDUG WKLQNLQJ ZKLOH FRQFHQWUDWHG DWWHQGLQJ WR D SUREOHP RU ZKHQ D
GLIILFXOW\LVHQFRXQWHUHGLQDWDVN
DQLQGLFDWRUIRUDQHPRWLRQ DIIHFWGLVSOD\ DSHUVRQVPLOHVEHFDXVHKHRUVKHLV
KDSS\ %HVLGHV DIIHFW GLVSOD\V WKDW RFFXU GXULQJ DQ LQWHUDFWLRQ FDQ UHIHU WR WKH
LQWHUDFWLRQ SDUWQHU HJ EHFRPLQJ DQJU\ ZLWK WKH RWKHU  EXW LW FDQ DOVR UHIHU WR
RWKHUSHUVRQVRUWKHPHVWKHLQWHUDFWLRQSDUWQHUVDUHWDONLQJDERXW HJVKDULQJWKH
DQJHUDERXWVRPHWKLQJ 

:KHQFRQVLGHULQJVSRQWDQHRXVLQWHUDFWLRQVLWLVYHU\GLIILFXOWWRLGHQWLI\ZKHWKHUD
IDFLDO H[SUHVVLRQ LV DQ LQGLFDWRU RI DQ HPRWLRQ DIIHFW GLVSOD\  RU ZKHWKHU LW LV D

7KRPDV:HKUOHDQG6XVDQQH.DLVHU
FRPPXQLFDWLYHVLJQDO7RPDNHWKLQJVHYHQPRUHFRPSOLFDWHGDIDFLDOH[SUHVVLRQFDQ
KDYH VHYHUDO PHDQLQJV DW WKH VDPH WLPH HJ D IURZQ FDQ LQGLFDWH WKDW WKH OLVWHQHU
GRHV QRW XQGHUVWDQG ZKDW WKH VSHDNHU LV WDONLQJ DERXW FRJQLWLYH GLIILFXOW\  DW WKH
VDPHWLPHWKLVIURZQLVDOLVWHQHUUHVSRQVH FRPPXQLFDWLYH VLJQDOLQJWKDWWKHVSHDNHU
KDVWRH[SODLQKLVDUJXPHQWPRUHDSSURSULDWHO\ILQDOO\LWFDQLQGLFDWHWKDWWKHOLVWHQHU
LVEHFRPLQJPRUHDQGPRUHDQJU\ HPRWLRQDO  DERXW WKLV GLIILFXOW\ LQ XQGHUVWDQGLQJ
KLPDERXWWKHFRQWHQWRUDERXWWKHZD\WKLVLQWHUDFWLRQGHYHORSV
&RQVLGHULQJ WKH FRPSOH[ DQG PXOWLSOH IXQFWLRQV RI IDFLDO H[SUHVVLRQV UHVHDUFK
SDUDGLJPV IRU VWXG\LQJ HPRWLRQV DQG IDFLDO H[SUHVVLRQV VKRXOG IXOILOO WKH IROORZLQJ
UHTXLUHPHQWV
 :H QHHG DSSURDFKHV WR PHDVXUH IDFLDO H[SUHVVLRQV REMHFWLYHO\ DQG RQ D PLFUR
DQDO\WLF OHYHO 7KH )DFLDO $FWLRQ &RGLQJ 6\VWHP )$&6 >@  OHQGV LWVHOI WR WKLV
SXUSRVH )$&6 DOORZV WKH UHOLDEOH FRGLQJ RI DQ\ IDFLDO DFWLRQ LQ WHUPV RI WKH
VPDOOHVW YLVLEOH XQLW RI PXVFXODU DFWLYLW\ DFWLRQ XQLWV  HDFK UHIHUUHG WR E\ D
QXPHULFDO FRGH $V D FRQVHTXHQFH FRGLQJ LV LQGHSHQGHQW RI SULRU DVVXPSWLRQV
DERXW SURWRW\SLFDO HPRWLRQ H[SUHVVLRQV 8VLQJ )$&6 ZH FDQ WHVW GLIIHUHQW
K\SRWKHVHVDERXWOLQNLQJIDFLDOH[SUHVVLRQWRHPRWLRQV
 7KHFXUUHQWFRQFUHWHPHDQLQJRIDIDFLDOH[SUHVVLRQFDQRQO\EHLQWHUSUHWHGZLWKLQ
WKHZKROHWHPSRUDODQGVLWXDWLRQDOFRQWH[W,QHYHU\GD\LQWHUDFWLRQVZHNQRZWKH
FRQWH[W DQG ZH FDQ XVH DOO LQIRUPDWLRQ WKDW LV DYDLODEOH WR LQWHUSUHW WKH IDFLDO
H[SUHVVLRQRIDQRWKHUSHUVRQ7KHUHIRUHIDFLDOH[SUHVVLRQVDQGHPRWLRQVVKRXOGEH
VWXGLHGLQDQLQWHUDFWLYHFRQWH[W



&RQWHPSRUDU\(PRWLRQ7KHRULHV

0RVWFRQWHPSRUDU\HPRWLRQWKHRULVWV HJ>@>@>@>@ FRQVLGHUHPRWLRQDVD
SK\ORJHQHWLFDOO\ FRQWLQXRXV PHFKDQLVP IRU IOH[LEOH DGDSWDWLRQ VHUYLQJ WKH GXDO
SXUSRVH RI UDSLG SUHSDUDWLRQ RI DSSURSULDWH UHVSRQVHV WR HYHQWV DQG RI SURYLGLQJ
RSSRUWXQLWLHVIRUUHHYDOXDWLRQDQGFRPPXQLFDWLRQRILQWHQWLQWKHLQWHUHVWRIUHVSRQVH
RSWLPL]DWLRQ )ROORZLQJ 'DUZLQ¶V >@ YLHZ RI H[SUHVVLRQV DV UXGLPHQWV RI DGDSWLYH
EHKDYLRU ZKLFK KDYH DFTXLUHG LPSRUWDQW VLJQDOLQJ FKDUDFWHULVWLFV D IXQFWLRQDO
DSSURDFK WR WKH VWXG\ RI HPRWLRQ SUHVXPHV WKDW PRWRU H[SUHVVLRQV DUH ERWK UHOLDEOH
H[WHUQDOPDQLIHVWDWLRQVRILQWHUQDODIIHFWLYHDURXVDODQGVRFLDOVLJQDOVLQWKHVHUYLFHRI
LQWHUSHUVRQDODIIHFWUHJXODWLRQ VHHDOVR>@>@ 
7KHUHLVDORQJWUDGLWLRQLQHPRWLRQSV\FKRORJ\RIH[DPLQLQJIDFLDOH[SUHVVLRQVDV
DQ REVHUYDEOH LQGLFDWRU RI XQREVHUYDEOH HPRWLRQDO SURFHVVHV $PRQJ HPRWLRQ
WKHRULHV SURSRVLQJ LPSOLFLW RU H[SOLFLW SUHGLFWLRQV IRU HPRWLRQVSHFLILF IDFLDO
H[SUHVVLRQSDWWHUQVWZRSRVLWLRQVFDQEHGLVWLQJXLVKHG7KHILUVWDSSURDFKLVVLWXDWHG
LQWKHWUDGLWLRQRIGLVFUHWHHPRWLRQWKHRULHVDQGLVUHSUHVHQWHGE\(NPDQ,]DUGDQG
WKHLU UHVSHFWLYH FROODERUDWRUV HJ >@ >@  7KH VHFRQG DSSURDFK KDV EHHQ
VXJJHVWHGLQWKHFRQWH[WRIDSSUDLVDOWKHRULHVRIHPRWLRQ HJ>@>@>@>@
>@>@

(PRWLRQDQG)DFLDO([SUHVVLRQ



'LVFUHWH(PRWLRQ7KHRU\DQG)DFLDO([SUHVVLRQ%DVLF(PRWLRQV

'LVFUHWH HPRWLRQ WKHRULVWV KDYH VWXGLHG IDFLDO H[SUHVVLRQ DV WKH YLD UHJLD WR
HPRWLRQVIRUPDQ\\HDUV0RVWRIWKHLUUHVHDUFKFRQFHUQLQJWKHXQLYHUVDOLW\RIWKHVR
FDOOHG EDVLF HPRWLRQV LV EDVHG RQ VWXGLHV DERXW IDFLDO H[SUHVVLRQV 7KHVH WKHRULHV
FODLPWKDWWKHUHDUHRQO\DOLPLWHGQXPEHURIIXQGDPHQWDORUEDVLFHPRWLRQVDQGWKDW
IRUHDFKRIWKHPWKHUHH[LVWVDSURWRW\SLFDOLQQDWHDQGXQLYHUVDOH[SUHVVLRQSDWWHUQ
,QWKLVWUDGLWLRQDSURFHVVRIEOHQGLQJRUPL[LQJWKHEDVLFH[SUHVVLRQSDWWHUQVH[SODLQV
WKHYDULDELOLW\RIHPRWLRQH[SUHVVLRQVFRPPRQO\REVHUYHG $FFRUGLQJWR(NPDQ>@
DQLQWHUSUHWDWLRQRIIDFLDOH[SUHVVLRQVPXVWUHO\RQWKHSRVWXODWHGFRQILJXUDWLRQVDQG
QRWRQVLQJOHIDFLDODFWLRQV
7KHUH LV FRQVLGHUDEOH HYLGHQFH UHYLHZHG LQ >@  LQGLFDWLQJ GLVWLQFW SURWRW\SLFDO
IDFLDO VLJQDOV WKDW FDQ EH UHOLDEO\ UHFRJQL]HG DFURVV D YDULHW\ RI FXOWXUHV DV
FRUUHVSRQGLQJWRWKHHPRWLRQVRIKDSSLQHVVVDGQHVVVXUSULVHGLVJXVWDQJHUDQGIHDU

)LJ3URWRW\SLFDOH[SUHVVLRQVDVSRVWXODWHGE\GLVFUHWHHPRWLRQWKHRULVWVIRUWKHHPRWLRQVRI
DQJHUIHDUKDSSLQHVVDQGVDGQHVV

7KHVH SDWWHUQV KDYH EHHQ IRXQG LQ VWXGLHV XVLQJ SKRWRJUDSKV RI SRVHG IDFLDO
H[SUHVVLRQV )LJXUHVKRZVVRPHH[DPSOHVRIEDVLFHPRWLRQH[SUHVVLRQVV\QWKHVL]HG
ZLWK )$&( >@  +RZHYHU WKHVH ILQGLQJV KDYH QRW HQDEOHG UHVHDUFKHUV WR LQWHUSUHW
IDFLDOH[SUHVVLRQVDVXQDPELJXRXVLQGLFDWRUVRIHPRWLRQVLQVSRQWDQHRXVLQWHUDFWLRQV
7KHWDVNRIDQDO\]LQJWKHRQJRLQJIDFLDOEHKDYLRULQG\QDPLFDOO\FKDQJLQJHPRWLRQDO
HSLVRGHV LV REYLRXVO\ PRUH FRPSOH[ WKDQ OLQNLQJ D VWDWLF HPRWLRQDO H[SUHVVLRQ WR D
YHUEDOODEHO
$QRWKHU SUREOHP QRW VROYHG E\ WKH VWXGLHV RQ WKH XQLYHUVDO UHFRJQLWLRQ RI EDVLF
HPRWLRQV FRQFHUQV WKH G\QDPLFV RI IDFLDO H[SUHVVLRQV *HQHUDOO\ RXU WKHRUHWLFDO
NQRZOHGJH RI WKH WHPSRUDO XQIROGLQJ RI IDFLDO H[SUHVVLRQV LV TXLWH OLPLWHG )RU
H[DPSOH RQH RI WKH FRQVLVWHQW ILQGLQJV LQ HPRWLRQ UHFRJQLWLRQ VWXGLHV XVLQJ VWDWLF
VWLPXOLLVWKDWIHDUH[SUHVVLRQVDUHRIWHQFRQIXVHGZLWKVXUSULVH2QHH[SODQDWLRQIRU
WKLV PLJKW EH WKDW WKH PDLQ GLIIHUHQFH EHWZHHQ WKHVH WZR HPRWLRQV UHVLGHV LQ WKH
UHVSHFWLYH WHPSRUDO VWUXFWXUH RI WKH LQQHUYDWLRQV LQ WKH IDFLDO PXVFXODWXUH ZKLFK LV
QRW REVHUYDEOH LQ VWLOO SKRWRJUDSKV $QRWKHU H[DPSOH RI WKH UHOHYDQFH RI WHPSRUDO
DVSHFWVLVWKHIDFWWKDWREVHUYHUVDUHYHU\VHQVLWLYHWRIDOVHWLPLQJRIIDFLDOH[SUHVVLRQV
HJ DEUXSW HQGLQJV RU EHJLQQLQJV RI D VPLOH  ZKHQ HYDOXDWLQJ WKH WUXWKIXOQHVV RU
GHFHLWIXOQHVVRIDQHPRWLRQDOGLVSOD\$OWKRXJKWKHLPSRUWDQFHRI³FRUUHFW´WLPLQJLV
ZLGHO\ DFFHSWHG DW D WKHRUHWLFDO RU SKHQRPHQRORJLFDO OHYHO RQO\ D VPDOO QXPEHU RI
VWXGLHV KDYH LQYHVWLJDWHG WKLV DVSHFW V\VWHPDWLFDOO\ 7KH TXDQWLWDWLYH DVSHFWV RI

7KRPDV:HKUOHDQG6XVDQQH.DLVHU
VSRQWDQHRXVIDFLDOH[SUHVVLRQVGHVHUYHIXUWKHULQYHVWLJDWLRQHVSHFLDOO\ZLWKUHJDUGWR
WKHGXUDWLRQRIRQVHWDSH[DQGRIIVHW
7KHOLPLWDWLRQVRIDEDVLFHPRWLRQDSSURDFKDOVRKDYHFRQVHTXHQFHVIRUDIIHFWLYH
KXPDQFRPSXWHULQWHUDFWLRQVDQGWKH DERYHPHQWLRQHG JRDOV RI H[SUHVVLRQ V\QWKHVLV
DQG H[SUHVVLRQ GHFRGLQJ 7KRVH SURWRW\SLFDO IXOOIDFH H[SUHVVLRQV PLJKW VHUYH DV
LFRQV UHSUHVHQWLQJ EDVLF HPRWLRQV LQ VLPSOH HPRWLRQDO DJHQWV V\QWKHVLV  RU DV
VWHUHRW\SHG VLJQDOV RI WKH XVHU WR LQGLFDWH ³DQJHU´ RU ³MR\´ DXWRPDWLF H[SUHVVLRQ
UHFRJQLWLRQ  6XFK VLJQDOV FRXOG EH XVHG LQVWHDG RI PRUH FRPSOLFDWHG DQG WLPH
FRQVXPLQJPHVVDJHVYLDWKHNH\ERDUGOLNH³,GRQRWXQGHUVWDQG´RU³WKLVLVILQHZLWK
PH´+RZHYHUDEDVLFHPRWLRQDSSURDFKGRHVQRWDOORZXVWRPDNHLQIHUHQFHVDERXW
WKHHPRWLRQDOVWDWHRIDXVHUZKHQLQWHUDFWLQJZLWKDFRPSXWHU,QWKHIROORZLQJZH
GLVFXVV KRZ FRQFHSWXDOL]LQJ IDFLDO H[SUHVVLRQV DV LQGLFDWRUV RI DSSUDLVDOV LQVWHDG RI
EDVLFHPRWLRQVPLJKWKHOSWRDQDO\]HIDFLDOEHKDYLRULQHPRWLRQDOLQWHUDFWLRQVDQGWR
GHYHORSPRUHVRSKLVWLFDWHGV\QWKHWLFDJHQWV


&RPSRQHQWLDO$SSUDLVDO7KHRU\DQG)DFLDO([SUHVVLRQ

$SSUDLVDO WKHRULVWV IROORZLQJ D FRPSRQHQWLDO DSSURDFK DV SURSRVHG E\  >@ >@
>@ RU >@ VKDUH WKH DVVXPSWLRQ WKDW D  HPRWLRQV DUH HOLFLWHG E\ D FRJQLWLYH
HYDOXDWLRQ DSSUDLVDO RIDQWHFHGHQWVLWXDWLRQVDQGHYHQWVDQGWKDWE WKHSDWWHUQLQJRI
WKH UHDFWLRQV LQ WKH GLIIHUHQW UHVSRQVH FRPSRQHQWV SK\VLRORJ\ H[SUHVVLRQ DFWLRQ
WHQGHQFLHVIHHOLQJ LVGHWHUPLQHGE\WKHRXWFRPHRIWKLVHYDOXDWLRQSURFHVV)RUWKHVH
DSSUDLVDO WKHRULVWV WKH FRPSOH[LW\ DQG YDULDELOLW\ RI GLIIHUHQW HPRWLRQDO IHHOLQJV FDQ
EHH[SODLQHGZLWKRXWUHVRUWLQJWRDQRWLRQRIEDVLFHPRWLRQV7KH\DUJXHWKDWWKHUHDUH
DODUJHQXPEHURIKLJKO\GLIIHUHQWLDWHGHPRWLRQDOVWDWHVRIZKLFKWKHFXUUHQWHPRWLRQ
ODEHOVFDSWXUHRQO\FOXVWHUVRUFHQWUDOWHQGHQFLHVRIUHJXODUO\UHFXUULQJRQHVUHIHUUHG
WRDV PRGDOHPRWLRQV,QOLQHZLWKWKLVUHDVRQLQJIDFLDOH[SUHVVLRQV DUH DQDO\]HG DV
LQGLFDWRUV RI DSSUDLVDO SURFHVVHV LQ DGGLWLRQ WR RU DV DQ DOWHUQDWLYH WR YHUEDO UHSRUW
PHDVXUHV)DFLDOH[SUHVVLRQVDUHQRWVHHQDVWKH³UHDGRXW´RIPRWRUSURJUDPVEXWDV
LQGLFDWRUV RI PHQWDO VWDWHV DQG HYDOXDWLRQ SURFHVVHV ,Q FRQWUDVW WR GLVFUHWH HPRWLRQ
WKHRULVWVWKH\FODLPWKDWVLQJOHFRPSRQHQWVRIIDFLDOSDWWHUQVGRKDYHDPHDQLQJDQG
WKDWWKLVPHDQLQJFDQEHH[SODLQHGDVPDQLIHVWDWLRQVRIVSHFLILFDSSUDLVDORXWFRPHV
6HYHUDO DSSUDLVDO WKHRULVWV KDYH PDGH FRQFUHWH VXJJHVWLRQV FRQFHUQLQJ SRVVLEOH
OLQNVEHWZHHQVSHFLILFDSSUDLVDOGLPHQVLRQVDQGVSHFLILFIDFLDODFWLRQV>@>@>@
>@ >@ 8VLQJ WKH PRVW UHFHQW YHUVLRQ RI )$&6 :HKUOH .DLVHU 6FKPLGW DQG
6FKHUHU >@ KDYH H[WHQGHG DQG UHILQHG 6FKHUHU¶V RULJLQDO SUHGLFWLRQV OLQNLQJ IDFLDO
DFWLRQV WR WKH SRVWXODWHG DSSUDLVDO FKHFNV >@ 6FKHUHU SRVLWV UHODWLYHO\ IHZ EDVLF
FULWHULD DQG DVVXPHV VHTXHQWLDO SURFHVVLQJ RI WKHVH FULWHULD LQ WKH DSSUDLVDO SURFHVV
7KH PDMRU VWLPXOXV HYDOXDWLRQ FKHFNV 6(&V  FDQ EH FDWHJRUL]HG LQWR ILYH PDMRU
FODVVHV   WKH QRYHOW\ RU IDPLOLDULW\ RI DQ HYHQW   WKH LQWULQVLF SOHDVDQWQHVV RI
REMHFWVRUHYHQWV WKHVLJQLILFDQFHRIWKHHYHQWIRUWKHLQGLYLGXDO¶VQHHGVRUJRDOV
  WKH LQGLYLGXDO¶V DELOLW\ WR LQIOXHQFH RU FRSH ZLWK WKH FRQVHTXHQFHV RI WKH HYHQW
LQFOXGLQJWKHHYDOXDWLRQRIZKRFDXVHGWKHHYHQW DJHQF\ DQG WKHFRPSDWLELOLW\RI
WKHHYHQWZLWKVRFLDORUSHUVRQDOVWDQGDUGVQRUPVRUYDOXHV$VDQH[DPSOH)LJXUH

(PRWLRQDQG)DFLDO([SUHVVLRQ

VKRZVWKHSRVWXODWHGIDFLDOH[SUHVVLRQV DFWLRQXQLWV UHSUHVHQWLQJWKHDSSUDLVDOSURILOH
IRUKRWDQJHU







$OOOHIW$8V

)LJ  3UHGLFWLRQV IRU WKH DSSUDLVDO SDWWHUQV DQG WKH UHODWHG IDFLDO DFWLRQV IRU KRW DQJHU DV
SXEOLVKHG LQ >@ )URP OHIW WR ULJKW WKH SLFWXUHV LOOXVWUDWH WKH VHTXHQWLDO FXPXODWLRQ RI
DSSUDLVDOVSHFLILFIDFLDODFWLRQXQLWFRPELQDWLRQVUHVXOWLQJLQD ILQDO SDWWHUQ DV SRVWXODWHG E\
6FKHUHU >@ $FWLRQ XQLW QXPEHUV DQG QDPHV  LQQHU EURZ UDLVHU   RXWHU EURZ UDLVHU  
EURZORZHUHU  XSSHUOLGUDLVHU  OLGWLJKWHQHU  XSSHUOLSUDLVHU  FKLQUDLVHU 
OLSSUHVV



)DFLDO([SUHVVLRQDQG(PRWLRQLQ+XPDQ&RPSXWHU
,QWHUDFWLRQV

,QVSRQWDQHRXVLQWHUDFWLRQVIDFLDOEHKDYLRUDFFRPSDQLHV HPRWLRQDO HSLVRGHV DV WKH\
XQIROGDQGFKDQJHVLQIDFLDOFRQILJXUDWLRQVFDQRFFXUYHU\UDSLGO\,QWKHSUHFHGLQJ
VHFWLRQVZHKDYHLOOXVWUDWHGVRPHRIWKHPHWKRGRORJLFDODQGWKHRUHWLFDOSUREOHPVZH
DUHFRQIURQWHGZLWKLIZHZDQWWRVWXG\WKHSURFHVVRIHPRWLRQDOLQWHUDFWLRQVDQGLWV
UHIOHFWLRQLQIDFLDODFWLYLW\LQLQWHUDFWLYHVHWWLQJV7RWDFNOHVRPHRIWKHVHSUREOHPVZH
DUH XVLQJ D WKHRU\ EDVHG H[SHULPHQWDO SDUDGLJP LQFOXGLQJ FRPSXWHUL]HG GDWD
FROOHFWLRQDQGGDWDDQDO\VLVLQVWUXPHQWVRQWKHRQHKDQGDQGFRPSXWHUVLPXODWLRQDQG
WKHRU\EDVHGV\QWKHWLFVWLPXOLRQWKHRWKHUKDQG


([SHULPHQWDO6HWXS'DWD&ROOHFWLRQ'DWD$QDO\VLVDQG0RGHOLQJ

,Q WKH IROORZLQJ ZH SUHVHQW VRPH UHVXOWV IURP RXU UHVHDUFK XVLQJ KXPDQFRPSXWHU
LQWHUDFWLRQV IRU VWXG\LQJ WKH G\QDPLFV DQG WKH LQWHUDFWLYH QDWXUH RI HPRWLRQDO
HSLVRGHV )RU WKLV SXUSRVH ZH GHYHORSHG WKH *HQHYD $SSUDLVDO 0DQLSXODWLRQ
(QYLURQPHQW *$0( >@  D WRRO IRU JHQHUDWLQJ H[SHULPHQWDO FRPSXWHU JDPHV WKDW
WUDQVODWH SV\FKRORJLFDO SRVWXODWHV LQWR VSHFLILF PLFURZRUOG VFHQDULRV IRU GHWDLOV
DERXW WKHRUHWLFDO DQG WHFKQLFDO HPEHGGLQJ RI *$0( VHH >@ >@ >@  *$0(
DOORZV DXWRPDWLF GDWD UHJLVWUDWLRQ RI WKH G\QDPLF JDPH SURJUHVV DQG WKH VXEMHFWV¶
DFWLRQV DQG DXWRPDWLF TXHVWLRQQDLUHV )RU H[DPSOH SDUWLFLSDQWV¶ HYDOXDWLRQV RI
VSHFLILFVLWXDWLRQVDUHDVVHVVHGE\PHDQVRISRSXSVFUHHQV ZKLFKDSSHDUHGDIWHUWKH
FRPSOHWLRQRIHDFKJDPHOHYHO FRUUHVSRQGLQJWRTXHVWLRQVUHIHUULQJWR6FKHUHU¶V
DSSUDLVDO GLPHQVLRQV 6(&V VHH DOVR >@  :KLOH SOD\LQJ WKH H[SHULPHQWDO JDPH
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SDUWLFLSDQWVDUHYLGHRWDSHGDQGWKHVH WDSH UHFRUGLQJV DOORZ DQ DXWRPDWLF DQDO\VLV RI
WKH SDUWLFLSDQW¶V IDFLDO EHKDYLRU ZLWK WKH )DFLDO ([SUHVVLRQ $QDO\VLV 7RRO )($7
>@ >@  7KHVH IDFLDO GDWD FDQ EH DXWRPDWLFDOO\ PDWFKHG ZLWK WKH FRUUHVSRQGLQJ
JDPHGDWD XVLQJWKHYHUWLFDOWLPHFRGHDVDUHIHUHQFHIRUERWKNLQGVRIGDWD ,QWKLV
ZD\ WKH FRPSXWHU JDPH SURYLGHV D UHODWLYHO\ VPDOO EXW FRPSOHWH FRQWH[W IRU WKH
LQWHUSUHWDWLRQRIWKHLQWHUQDOHPRWLRQDODQGFRJQLWLYHUHJXODWRU\SURFHVVHV7KLVLVDQ
LPSRUWDQW SRLQW EHFDXVH ZKDW LV IHOW E\ WKH VXEMHFW DQG ZKDW D FHUWDLQ IDFLDO
H[SUHVVLRQPHDQVLVRIWHQYHU\FRQWH[WVSHFLILF
Experimental Setup

GAME

Data Collection

Data Analysis

Facial Expression

FEAT

Questionnaire Data

IDEA

Game Behavior

TRACE

Modeling

FACE

GATE
AAME

Appraisal Theory

Vocal Expression
Physiological Measures

)LJ7KHFRPSRQHQWVRIWKHH[SHULPHQWDOVHWXS *$0( LQFOXGLQJFRPSXWHUL]HGWRROVIRU
DXWRPDWLF GDWD FROOHFWLRQ DQG GDWD DQDO\VLV DV ZHOO DV WRROV IRU V\QWKHWLF PRGHOLQJ DQG
VLPXODWLRQV

)LJXUHVKRZVWKHH[SHULPHQWDOVHWXS *$0( DVZHOODVWKHFRPSXWHUL]HGWRROV
IRUWKHDXWRPDWLFGDWDFROOHFWLRQDQGGDWDDQDO\VLV
•

•

7KH )DFLDO ([SUHVVLRQ $QDO\VLV 7RRO )($7 >@  LV D FRQQHFWLRQLVW H[SHUW
V\VWHP WKDW XVHV IX]]\ UXOHV DFTXLUHG IURP D )$&6 H[SHUW WR DXWRPDWLFDOO\
PHDVXUHIDFLDOH[SUHVVLRQV7KLVH[SHUWLVHLVWUDQVIRUPHGLQWRDQHWZRUNVWUXFWXUH
E\DFRPSLOHUSURJUDP7KHUHVXOWLQJQHWZRUNLVWKHQDEOHWRGRWKHFODVVLILFDWLRQ
WDVNXVLQJ)$&6DVWKHFRGLQJODQJXDJH IRUPRUHGHWDLOVVHH>@>@ :LWK
)($7 ZH FDQ SUHFLVHO\ DQDO\]H WKH G\QDPLFV RI IDFLDO EHKDYLRU LQFOXGLQJ
LQWHQVLWLHVDQGDV\PPHWULHV
7KH ,QWHUDFWLYH 'DWD (OLFLWDWLRQ DQG $QDO\VLV WRRO ,'($ >@  SURYLGHV WKH
SRVVLELOLW\WRDQDO\]HPXOWLPHGLDEHKDYLRUDOUHFRUGVRIDQH[SHULPHQWDOVHVVLRQ
DQG WR DGG QHZ GDWD WR WKH EHKDYLRUDO UHFRUGV %HKDYLRUDO UHFRUGV LQFOXGH DOO
GDWD UHJLVWHUHG GXULQJ DQ H[SHULPHQWDO VHVVLRQ OLNH YLGHRWDSHG GDWD DQG GDWD
DXWRPDWLFDOO\ UHJLVWHUHG LQ DQ H[SHULPHQW SURWRFRO 75$&( >@ FDQ
DXWRPDWLFDOO\SOD\DQGDQDO\]HDSOD\HGJDPHLQWHUPVRIWRSRORJLFDOPHDVXUHV
HJWDFWLFDOFRQVWHOODWLRQV FULWLFDOHSLVRGHVXUJHQF\HWF7KHSURJUDPVKRXOG
HYHQWXDOO\DSSUR[LPDWHWKHSUHGLFWHGDSSUDLVDO

(PRWLRQDQG)DFLDO([SUHVVLRQ

$V FDQ EH VHHQ LQ )LJXUH  ZH FRPSOHPHQW RXU HPSLULFDO VWXGLHV ZLWK FRPSXWHU
VLPXODWLRQDQGV\QWKHWLFPRGHOLQJ
•

•

•



7KH )DFLDO $FWLRQ &RPSRVLQJ (QYLURQPHQW )$&( >@  LV D WRRO IRU FUHDWLQJ
DQLPDWHG ' IDFLDO H[SUHVVLRQV LQ UHDOWLPH LQFOXGLQJ KHDG DQG H\H
PRYHPHQWV 7KH FRQWRXUV RI WKH IDFH DUH UHSUHVHQWHG ZLWK VSOLQHV DV DUH WKH
SURPLQHQWIHDWXUHVRIWKHIDFHVXFKDVH\HEURZVDQGOLSVEXWDOVRZULQNOHVDQG
IXUURZV VHH )LJXUHV  DQG   7KH UHSHUWRLUH RI IDFLDO H[SUHVVLRQV IRU WKH
DQLPDWLRQLVGHILQHGRQWKHEDVLVRI)$&6 IRUPRUHGHWDLOVVHH>@>@ 
7KH *HQHYD $SSUDLVDO 7KHRU\ (QYLURQPHQW *$7( >@  LV D WRRO WKDW DOORZV
WKH VLPXODWLRQ RI GLIIHUHQW DSSUDLVDO WKHRULHV DV EODFN ER[ PRGHOV 7KLV WRRO
HQDEOHV XV WR UHILQH RU FKDQJH WKHRUHWLFDO SURSRVLWLRQV LQFUHPHQWDOO\ DQG LW
SURYLGHV LPPHGLDWH IHHGEDFN RQ WKH RXWFRPHV ,W FDQ DOVR TXLFNO\ DQDO\]H
H[LVWLQJ GDWD VHWV IRU DQ HVWLPDWLRQ RI WKH QHZ V\VWHP¶V JOREDO SHUIRUPDQFH
*$7(SURYLGHVVRSKLVWLFDWHGIDFLOLWLHVWRV\VWHPDWLFDOO\H[SORUHVXFKHPSLULFDO
GDWDVHWV)XUWKHUPRUHQHZHPSLULFDOGDWDFDQEHREWDLQHGGLUHFWO\VLQFHWKHWRRO
LQFRUSRUDWHVDQDXWRPDWLFTXHVWLRQQDLUHWKDWSURPSWVDVXEMHFWZLWKDQXPEHURI
TXHVWLRQV WR GHWHUPLQH WKH DSSUDLVDO RI D VLWXDWLRQ FRUUHVSRQGLQJ WR D UHFDOOHG
HPRWLRQDOHSLVRGH IRUPRUHGHWDLOVVHH>@>@ 
7KH $XWRQRPRXV $JHQW 0RGHOLQJ (QYLURQPHQW $$0( >@  LV D VLPXODWLRQ
HQYLURQPHQWIRUSURFHVVPRGHOLQJ,WLVDWRROIRUGHVLJQLQJDXWRQRPRXVDJHQWV
IRUXVHLQUHVHDUFKDQGHGXFDWLRQ7KHLQWHQWLRQZDVWRKDYHDQDGHTXDWHWRROWKDW
KHOSVWRH[SORUHSV\FKRORJLFDODQG&RJQLWLYH6FLHQFHWKHRULHVRIVLWXDWHGDJHQWV
WKHG\QDPLFVRIV\VWHPHQYLURQPHQWLQWHUDFWLRQVDQGWKHHQJLQHHULQJDVSHFWVRI
DXWRQRPRXV DJHQW GHVLJQ ,Q WKH FDVH RI WKH $$0( WKH LQWHUHVWLQJ DVSHFWV RI
VXFKDQDJHQWDUHQRWVRPXFKWKHPRGHOLQJRIUHDOLVWLFVHQVRUVDQGHIIHFWRUVEXW
WKHFRXSOLQJPHFKDQLVPVEHWZHHQWKHP IRUPRUHGHWDLOVVHH>@>@ 
5HVXOWV,OOXVWUDWLQJWKH5HODWLRQEHWZHHQ)DFLDO([SUHVVLRQDQG$SSUDLVDO

:LWKLQWKHVFRSHRIWKLVDUWLFOHZHFDQRQO\SUHVHQWH[DPSOHVRIWKHFXUUHQWUHVHDUFK
WRLOOXVWUDWHWKHYLHZVRQIDFLDOH[SUHVVLRQSUHVHQWHGKHUH0RUHGHWDLOVDUHSXEOLVKHG
LQ >@ >@ >@ >@ >@ >@ 7KH HYDOXDWLRQ RI VLWXDWLRQDO DSSUDLVDO SURILOHV
DOORZVXVWRGLIIHUHQWLDWHEHWZHHQGLIIHUHQWW\SHVRILGHQWLFDOO\ODEHOHGHPRWLRQV:H
FRQVLVWHQWO\ILQGWKLVUHVXOWLQD RXUH[SHULPHQWDOVWXGLHV *$0( LQE VWXGLHVXVLQJ
WKH DSSUDLVDO H[SHUW V\VWHP *$7(  WKDW LQFOXGHV DQ DXWRPDWLF TXHVWLRQQDLUH WKDW
SURPSWVDVXEMHFWZLWKDQXPEHURITXHVWLRQVWRGHWHUPLQHWKHDSSUDLVDORIDVLWXDWLRQ
FRUUHVSRQGLQJWRDUHFDOOHGHPRWLRQDOHSLVRGHDQGLQF MXGJPHQWVWXGLHVWKDWPDNH
XVH RI V\QWKHWLF IDFHV DQG DQLPDWHG IDFLDO EHKDYLRU )$&(  )RU H[DPSOH LQ WKH
H[SHULPHQWDO FRPSXWHU JDPH LQWHUDFWLRQV ZH FDQ FRQVLVWHQWO\ GLVWLQJXLVK DW OHDVW
WKUHH W\SHV RI DQJHU D  EHLQJ DQJU\ DV DQ UHDFWLRQ WR DQ XQIDLU HYHQW EXW ZLWKRXW
EODPLQJ DQ\ERG\ E  EHLQJ DQJU\ DQG EODPLQJ VRPHERG\ HOVH IRU KDYLQJ FDXVHG WKH
HYHQWRQSXUSRVHDQGF EHLQJDQJU\DQGEODPLQJWKHRWKHUDVZHOODVRQHVHOI
&RQFHUQLQJWKHIDFLDOH[SUHVVLRQVZHILQGDODUJHLQWHULQGLYLGXDOYDULDQFHLQIDFLDO
H[SUHVVLYLW\)XUWKHUPRUHVXEMHFWVGLIIHULQWKHYDULDELOLW\RIWKHH[SUHVVLRQVVKRZQ
6RPH VXEMHFWV VKRZ D YDULHW\ RI GLIIHUHQW IDFLDO H[SUHVVLRQV DQG VLWXDWLRQVSHFLILF
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UHSHUWRLUHV$GGLWLRQDOO\PDQ\VXEMHFWVVKRZW\SLFDOIDFLDOH[SUHVVLRQSDWWHUQVZLWK
DKLJKLQWUDLQGLYXGDOFRQVLVWHQF\ H[DPSOHVFDQDOVREHIRXQGLQ>@ ,QWHUHVWLQJO\
ORZH[SUHVVLYH VXEMHFWV GR QRW GLIIHU IURP KLJKH[SUHVVLYH VXEMHFWV ZLWK UHVSHFW WR
WKHLUUHSRUWHGHPRWLRQDOLQYROYHPHQWGXULQJWKHH[SHULPHQWDOJDPH)XUWKHUDQDO\VHV
VKRZWKDWWKHSURWRW\SLFDOSDWWHUQVGHVFULEHGE\GLVFUHWHHPRWLRQWKHRULVWVRFFXUTXLWH
UDUHO\DQGWKLVLVDOVRWUXHIRUVXEMHFWVZKRVKRZVWURQJIDFLDOUHDFWLRQV(YHQPRUH
LPSRUWDQW LV WKH UHVXOW WKDW WKH DSSUDLVDO EDVHG DSSURDFK FDQ EHWWHU H[SODLQ DQG
LQWHUSUHW WKH RFFXUUHQFH RI VLQJOH IDFLDO DFWLRQV $V DOUHDG\ PHQWLRQHG IDFLDO
H[SUHVVLRQVDUHQRWH[FOXVLYHO\LQGLFDWRUVRIHPRWLRQDOSURFHVVHV:HDOVRILQGIDFLDO
H[SUHVVLRQV WKDW DUH VLJQV RI FRJQLWLYH SURFHVVHV D IURZQ LQGLFDWLQJ
LQFRPSUHKHQVLRQ WKDWPLJKWRUPLJKWQRWEHVLJQVRIDQHPRWLRQDOUHDFWLRQ DQJHU DW
WKH VDPH WLPH :LWK DQ DSSUDLVDOEDVHG DSSURDFK ZH FDQ LQWHUSUHW D IURZQLQJ IRU
H[DPSOHDVDQLQGLFDWRURISHUFHLYLQJDQREVWDFOHZKHUHDVWKHRFFXUUHQFHRIDVLQJOH
IDFLDO DFWLRQ LV HLWKHU QRW LQWHUSUHWHG DW DOO E\ GLVFUHWH HPRWLRQ WKHRULVWV RU LV
LQWHUSUHWHGDVDSRVVLEOHLQGLFDWRURIDVSHFLILFHPRWLRQHJ³SRVVLEOHDQJHU´
$QRWKHU LPSRUWDQW DGYDQWDJH RI DQ DSSUDLVDO EDVHG DSSURDFK LV WKDW ZH FDQ
V\VWHPDWLFDOO\DQDO\]HWKHVRXUFHVRIGLIIHUHQFHVLQLQGLYLGXDOUHDFWLRQVWRDVSHFLILF
HYHQW LQ WHUPV RI EHKDYLRU DWWDFN YHUVXV DYRLGDQFH  DSSUDLVDO SOHDVDQW YHUVXV
XQSOHDVDQWFRQGXFLYHYHUVXVREVWUXFWHWF DQGUHSRUWHGIHHOLQJ MR\ZRUU\HWF ,Q
DGGLWLRQ ZH FDQ VWXG\ LQGLYLGXDO DSSUDLVDO WHQGHQFLHV WKDW EHFRPH HYLGHQW RYHU
GLIIHUHQW VLWXDWLRQV DQG ZKLFK FDQ EH VHHQ DV LQGLFDWRUV RI D PRUH RU OHVV VWDEOH
SHUVRQDO VW\OH )RU H[DPSOH VRPH VXEMHFWV WHQG WR PDNH LQWHUQDO FDXVDO DWWULEXWLRQV
DJHQF\VHOI HYHQLQVLWXDWLRQVWKDWDUHREMHFWLYHO\QRWFRQWUROODEOH)XUWKHUPRUHZH
FRXOG VKRZ KRZ DQ DSSUDLVDOEDVHG DSSURDFK FDQ EH DSSOLHG WR XQGHUVWDQGLQJ DQG
WUHDWLQJ HPRWLRQ SDWKRORJ\ DQG DIIHFW GLVRUGHUV >@ >@ :H KDYH IRUPXODWHG
FRQFUHWHSUHGLFWLRQVFRQFHUQLQJGLVRUGHUVSHFLILFDSSUDLVDOELDVHVDQGGHYLDWLRQVIURP
QRUPDOHPRWLRQVLQFOXGLQJVSHFLILFIDFLDOH[SUHVVLRQGHYLDWLRQVZKLFKFDQEHXVHGWR
VWXG\ WKH XQGHUO\LQJ ± PRVWO\ XQFRQVFLRXV ± SURFHVVHV *HQHUDOO\ WKLV DSSURDFK
DOORZVXVWRJHQHUDWHDODUJHQXPEHURIWKHRUHWLFDOSUHGLFWLRQVWKDWDUHFRQFUHWHDQG
WHVWDEOHDQGWKDWFDQVROLGO\EHEDVHGRQHPSLULFDOZRUN
5HVXOWV IURP WKH VWXGLHV RQ IDFLDO H[SUHVVLRQ V\QWKHVLV VXJJHVW WKDW VXEMHFWV
SHUFHLYHWKHV\QWKHWLFLPDJHVDQGDQLPDWLRQVJHQHUDWHGE\)$&(LQDVLPLODUIDVKLRQ
DVSKRWRJUDSKVRIUHDOIDFLDOH[SUHVVLRQV>@,QDGGLWLRQZHXVHG)$&(IRUVWXG\LQJ
WKH HIIHFW RI VWDWLF YHUVXV G\QDPLF SUHVHQWDWLRQ RI IDFLDO H[SUHVVLRQV +HUH ZH ILQG
WKDW G\QDPLF SUHVHQWDWLRQ LQFUHDVHV RYHUDOO UHFRJQLWLRQ DFFXUDF\ DQG UHGXFHV
FRQIXVLRQ 2QH H[SODQDWLRQ IRU WKLV HQFRXUDJLQJ UHVXOW PLJKW EH WKDW WKH IDFLDO
UHSHUWRLUHZDVFUHDWHGRQWKHEDVLVRIGHWDLOHGGHVFULSWLRQVRIWKHDSSHDUDQFHFKDQJHV
SURGXFHGE\HDFKDFWLRQXQLWLQWKH)$&6PDQXDO$VPHQWLRQHGDERYHZHGHVLJQHG
WKH DSSHDUDQFH FKDQJHV QRW RQO\ IRU IHDWXUHV OLNH H\HEURZV EXW DOVR WR UHSUHVHQW
FKDQJHV LQ WKH VKDSH RI WKH IDFLDO UHJLRQV LQYROYHG DQG WKH UHVXOWLQJ ZULQNOHV $V D
FRQVHTXHQFHRIWKLVVWUDWHJ\FRPELQDWLRQVRIDFWLRQXQLWVVKRZWKHVDPHDSSHDUDQFH
FKDQJHVLQWKHV\QWKHWLFIDFHDVGHVFULEHGLQWKH)$&6PDQXDO 7KHVHFKDQJHVZHUH
QRWVSHFLILHGEXWHPHUJHIURPDGGLQJWKHYHFWRULQIRUPDWLRQRIWKHUHVSHFWLYHVLQJOH
$FWLRQ8QLWV

(PRWLRQDQG)DFLDO([SUHVVLRQ



&RQFOXVLRQ

7KLV DUWLFOH WULHG WR VKRZ KRZ DQ DSSUDLVDOEDVHG DSSURDFK PLJKW KHOS XV WR EHWWHU
XQGHUVWDQG KRZ HPRWLRQV DUH H[SUHVVHG DQG SHUFHLYHG :LWK UHVSHFW WR KXPDQ
FRPSXWHULQWHUDFWLRQVWKHVHWZRSURFHVVHVUHIHUWRWKHV\QWKHVLVRI³HPRWLRQDODJHQWV´
DQGWKHDQDO\VLVRIDXVHU¶VIDFLDOH[SUHVVLRQ

)LJ  7KH WZR SURFHVVHV RI WKH V\QWKHVLV DQG WKH DQDO\VLV RI IDFLDO EHKDYLRU DV VWXGLHG DQG
FRQFHSWXDOL]HG IURP DQ HPRWLRQEDVHG DQG IURP DQ DSSUDLVDOEDVHG YLHZSRLQW 6KDGHG DUHDV
LQGLFDWHSDUWVRIWKHSURFHVVHVWKDWFDQEHRPLWWHGZLWKLQWKHUHVSHFWLYHWKHRUHWLFDOIUDPHZRUN

,Q RXU YLHZ FRPSRQHQWLDO DSSUDLVDO WKHRU\ KDV VRPH LPSRUWDQW WKHRUHWLFDO
PHWKRGRORJLFDODQG HFRORJLFDO DGYDQWDJHV RYHU DQ HPRWLRQEDVHG DSSURDFK $V FDQ
EH VHHQ LQ )LJXUH  WKH DSSUDLVDOEDVHG DSSURDFK WDNHV QRW RQO\ LQWR DFFRXQW WKH
VXEMHFWLYH HYDOXDWLRQ RI D VLWXDWLRQ WKDW JLYHV ULVH WR DQ HPRWLRQDO H[SHULHQFH EXW LW
GLUHFWO\ OLQNV WKH RXWFRPH RI WKLV DSSUDLVDO SURFHVV WR WKH RWKHU FRPSRQHQWV RI
HPRWLRQV7KLVDOORZVXVWRDQDO\]HDQGWRV\QWKHVL]HHPRWLRQDOSURFHVVHVRQDOHYHO
RIGLIIHUHQWLDWLRQWKDWJRHVEH\RQGEDVLFHPRWLRQV6LQFHWKHSURFHVVRIDSSUDLVDODQG
UHDSSUDLVDOLVQRWRQO\GHWHUPLQHGDQGFKDQJHGE\H[WHUQDOVLWXDWLRQDOFXHVEXWDOVRE\
LQWHUQDO FXHV WKDW UHIOHFW WKH SHUVRQ¶V PRWLYHV SHUVRQDOLW\ H[SHULHQFH HWF WKRVH
YDULDEOHVVKRXOGDOVREHFRQVLGHUHGH[SOLFLWO\

7KRPDV:HKUOHDQG6XVDQQH.DLVHU
)URP WKH EHJLQQLQJ RI WKH HDUO\ HLJKWLHV DSSUDLVDO WKHRULHV KDYH JLYHQ LPSRUWDQW
LQSXWVWRHPRWLRQV\QWKHVLVDQGDIIHFWLYHXVHUPRGHOLQJ>@+RZHYHUPRVWRIWKHVH
DSSOLFDWLRQVRQO\XVHDSSUDLVDOWKHRU\WRLPSOHPHQWWKH³FRJQLWLYH´FRPSRQHQWRIDQ
HPRWLRQDOLQWHUIDFH IRUUHYLHZVVHH>@>@ 7KHRXWFRPHRIWKHDSSUDLVDOSURFHVV
LV WKHQ PDSSHG LQWR DQ HPRWLRQ FDWHJRU\ ZKLFK GHWHUPLQHV WKH V\QWKHVLV RI WKH
UHVSHFWLYH IDFLDO H[SUHVVLRQ SDWWHUQ 7KLV PLJKW EH DQ XQQHFHVVDU\ DQG FRPSOLFDWHG
SURFHGXUH WKDW DOVR UHGXFHV WKH DYDLODEOH LQIRUPDWLRQ DQG PLJKW ELDV WKH DQDO\VHV
)XUWKHUPRUH OLQNLQJ IDFLDO H[SUHVVLRQ DQG RWKHU FRPSRQHQWV RI HPRWLRQ GLUHFWO\ WR
DSSUDLVDOGLPHQVLRQVFDQWDNHDGYDQWDJHRIWKHFRPSXWDWLRQDOUHSUHVHQWDWLRQVWKDWDUH
FRPPRQO\DOUHDG\GHILQHGLQWKHUHVSHFWLYHDSSOLFDWLRQV

5HIHUHQFHV


%DOO * %UHHVH - (PRWLRQ DQG 3HUVRQDOLW\ LQ D &RQYHUVDWLRQDO &KDUDFWHU
:RUNVKRSRQ(PEHGGHG&RQYHUVDWLRQDO&KDUDFWHUV7DKRH&LW\&$  
DQG
 %lQQLQJHU+XEHU ( :LGPHU & $ 1HZ 0RGHO RI WKH (OLFLWDWLRQ
3KHQRPHQRORJ\DQG)XQFWLRQRI(PRWLRQV,Q)ULMGD1+ HG 3URFHHGLQJV
RIWKH,;WK&RQIHUHQFHRI WKH ,QWHUQDWLRQDO 6RFLHW\ IRU 5HVHDUFK RQ (PRWLRQV
,65(3XEOLFDWLRQV7RURQWR  
 'DUZLQ&7KH([SUHVVLRQRIWKH(PRWLRQVLQ0DQDQG$QLPDOV8QLYHUVLW\RI
&KLFDJR 3UHVV  &KLFDJR   2ULJLQDO ZRUN SXEOLVKHG  /RQGRQ
0XUUD\
 (NPDQ 3 )DFLDO ([SUHVVLRQV RI (PRWLRQ 1HZ )LQGLQJV 1HZ 4XHVWLRQV
3V\FKRORJLFDO6FLHQFH  
 (NPDQ3)ULHVHQ:97KH5HSHUWRLUHRI1RQYHUEDO%HKDYLRU&DWHJRULHV
2ULJLQV8VDJHDQG&RGLQJ6HPLRWLFD  
 (NPDQ3)ULHVHQ:97KH)DFLDO$FWLRQ&RGLQJ6\VWHP$7HFKQLTXHIRU
WKH 0HDVXUHPHQW RI )DFLDO 0RYHPHQW &RQVXOWLQJ 3V\FKRORJLVWV 3UHVV  3DOR
$OWR 
 (NPDQ3)ULHVHQ:9(OOVZRUWK35HVHDUFK)RXQGDWLRQV,Q(NPDQ3
HG (PRWLRQLQWKH+XPDQ)DFHQGHGQ&DPEULGJH8QLYHUVLW\3UHVV1HZ
<RUN  
 (OOLRW & , 3LFNHG XS &DWDSLD DQG 2WKHU 6WRULHV $ 0XOWLPRGDO $SSURDFK WR
([SUHVVLYLW\ IRU (PRWLRQDOO\ ,QWHOOLJHQW  $JHQWV ,Q -RKQVRQ : / HG 
3URFHHGLQJVRIWKH)LUVW,QWHUQDWLRQDO&RQIHUHQFHRI$XWRQRPRXV$JHQWV$&0
3UHVV1HZ<RUN  
 (VVD , 3HQWODQG $ &RGLQJ $QDO\VLV ,QWHUSUHWDWLRQ DQG 5HFRJQLWLRQ RI
)DFLDO ([SUHVVLRQV ,Q ,((( 7UDQVDFWLRQV RQ 3DWWHUQ $QDO\VLV DQG 0DFKLQH
,QWHOOLJHQFH  
 )ULGOXQG $ - +XPDQ )DFLDO ([SUHVVLRQ $Q (YROXWLRQDU\ 9LHZ $FDGHPLF
3UHVV6DQ'LHJR 
 )ULMGD1+7KH(PRWLRQV&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH1HZ<RUN


(PRWLRQDQG)DFLDO([SUHVVLRQ

 )ULMGD 1 + 7FKHUNDVVRI $ )DFLDO ([SUHVVLRQV DV 0RGHV RI $FWLRQ
5HDGLQHVV ,Q 5XVVHOO - $ )HUQiQGH]'ROV - 0 HGV  7KH 3V\FKRORJ\ RI
)DFLDO([SUHVVLRQ&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH  
 ,]DUG&(7KH3V\FKRORJ\RI(PRWLRQV3OHQXP3UHVV1HZ<RUN 
 .DLVHU66FKHUHU.50RGHOVRIµ1RUPDO¶(PRWLRQV$SSOLHGWR)DFLDODQG
9RFDO([SUHVVLRQVLQ&OLQLFDO'LVRUGHUV,Q)ODFN-U:)/DLUG-' HGV 
(PRWLRQVLQ3V\FKRSDWKRORJ\2[IRUG8QLYHUVLW\3UHVV1HZ<RUN  
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Abstract. This paper proposes a framework for cognitive-based aﬀective user modeling. Such framework relies on the idea that, to model
aﬀect in user models, one can use the situations experienced by the
user as well as the observable behaviour of the user. These situations
and behaviours, when interpreted under the light of a cognitive theory
of emotions, will allow us to make inferences on the possible aﬀective
states of the user. Such type of approach will be here called cognitivebased aﬀective user modeling. To describe the framework we will use a
cognitive theory of emotions (the Ortony, Clore and Collins theory of
emotions) as the basis for the representation of the aﬀective states of the
user. We will also illustrate the use of this modelling in the context of a
virtual theatre, where children engage in collaborative story creation.

1

Introduction

User Modeling (UM) is an essential technique to attain personalised communication between Humans and interactive computer systems. Over the years, the
question of adaptation to the user has been approached with a focus on acquiring and representing the user’s preferences, goals, and state of knowledge. Such
elements compose a user model and are normally inferred through the use of diverse types of approaches, such as machine learning techniques to capture users’
preferences, or cognitive diagnosis techniques to capture users’ misconceptions
in a domain knowledge [19].
More recently, and inﬂuenced by the emerging ﬁeld of Aﬀective Computing, i.e. “computing that relates to, arises from or deliberately inﬂuences emotions” [16], a new area called Aﬀective User Modeling (AUM) has appeared
and is now giving its ﬁrst steps. In [4], AUM is deﬁned as the capability for a
system to model the user’s aﬀective states. Indeed, as Humans interact directly
with computers, it is critical for this interaction to be empowered with aﬀective
components, not only in the expression of aﬀect by the system but also in the
capture of and reaction to the aﬀective states of the user.
A substantial amount of work has already been done in the acquisition of
a user’s aﬀective states (e.g. Aﬀective Computing group at the MIT Media
Lab [17]). Most of the research development is based on multi-modal forms
A. M. Paiva (Ed.): Aﬀective Interactions, LNAI 1814, pp. 64–75, 2000.
c Springer-Verlag Berlin Heidelberg 2000
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of input as aﬀective wearables [16], speech recognition [1] and facial expression
recognition [20]. But if the physiological aspects of emotions can be identiﬁed
and collected through the use of diﬀerent types of sensors, the typical interactions established nowadays with computers applications still use traditional
means, such as keyboard, joystick and mouse input.
However, while interacting with computer applications, users communicate
their aﬀective states not only through body expressions and physiological signals,
but also through their behaviour. In a well deﬁned context (e.g. a computer
learning situation), the users’ behavioural responses may be a path to predict,
recognise and interpret the user’s aﬀective states. Such approach, here named
Cognitive-Based Aﬀective User Modeling (CB-AUM), has already been
proposed by Elliott et al. [4].
CB-AUM should not only be regarded as a way of ascribing emotional states
to the users, but also as a diﬀerent component in the user modeling process
which, when combined with aﬀective wearables, speech recognition, and other
multi-modal components of user input, will make AUM much more powerful.
Indeed, as argued in [16], the best recognition is likely to come from the combination of the diﬀerent modalities and including not only low-level signal recognition
but also higher-level reasoning about the situation.
This paper is organised as follows. First, we will present a scenario for the
exploration of the approach and provide with the motivation behind this work.
Then, we will describe what we mean by cognitive-based aﬀective user modeling
by presenting a framework for it, based on the cognitive theory of emotions of
Ortony, Clore and Collins (OCC), and positioning it within the broader ﬁeld
of user modeling. Afterwards, we will illustrate how such an approach can be
used within the context of a virtual theatre, where children control their own
characters in a collaborative story-creation environment. Finally, we will make
some concluding remarks and draw some plans for future work.

2

Scenario and Motivation

To better explain the framework for AUM, we will ﬁrst present a scenario of
a typical child interaction with a collaborative virtual environment (CVE) for
story creation: Teatrix1 [18]. Teatrix aims at providing eﬀective support for young
children (7-9 years old) developing their notions of narrative, through the dramatisation of several situations.
Through Teatrix, each child collaborates with other children to create a story.
Each one controls a character by selecting actions from a list of available actions
for her/his character to perform in the 3D story world (see Figure 1). Additionally, each child can also induce some emotional state changes in her/his character
through a tool called ”hot-seating” (see [11]).
1

Teatrix is one application developed within the NIMIS project, a EU funded project
within the I3-ESE, contract n.29301.
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Fig. 1. Teatrix Environment

A fundamental idea in Teatrix is that when a child chooses a character to
direct, s/he is also implicitly choosing a role to play (e.g. the Hero or the Villain)
with a predeﬁned set of goals and behaviours (such as: “defeat the villain”).
In Teatrix, there is no well deﬁned learning progression that would allow us
to assess the user achievements. Thus, the user modelling component does not
contain the usual domain knowledge elements found in many user modelling
systems. However, since the story creation process is mediated by a narrative
guidance system, some information about the degree of control of the character,
about the motivation for the story and, most importantly, about the involvement
a child has in the story, are elements that will help the personalisation of the
guidance system.
So, for instance, when a child is controlling a Hero character, s/he will perform actions aiming at defeating the Villain. David Wood and Janet Grant in
their book Theatre for Children emphasize the fact that children develop empathic relations with the characters of a play [21]. Children enjoy taking sides,
identifying themselves with a good character or being mad with the behavior
of a untruthful character. They are prone to get emotionally involved with the
characters. Taking these facts into account, one can argue that not only the characters are acting out in the story but also that the children themselves become
engaged in the enactment activity. In other words, in Teatrix, we can gather the
information about the child’s aﬀective state not only by looking at their degree
of control over the characters, but also by considering their characters goals,
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emotional state and reactions. With this information, we plan to provide them
with a more motivational experience and a richer narrative support.

3

A Starting Point: User Modelling Research

Since the seventies, both the learner and user modeling research communities
have dwelt into the problem of acquiring, representing and using users’ characteristics and attitudes to personalise the interaction. From a focus on how to
infer students’ states of knowledge and diagnose their misconceptions, to how to
obtain the users’ preferences, many systems have been build and used (see [10]
for a good collection, or more recently [5] and [8]). Moreover, and to deal with
diﬀerent types of demands, UM shells were built as a way to facilitate applications to integrate UM functionality (for example and among others: BGP-MS [9],
UM-toolkit [7], TAGUS [15]). Most of these UM systems and shells allow the
user model to contain diﬀerent types of information such as: knowledge, beliefs,
characteristics, and preferences (see [7]).
In general, the diﬀerent information types found in traditional user models
are:
Characteristics: normally captured within a proﬁle of the user, such as age,
gender, and interests. This information can be relevant if stereotypes are
used to infer other more speciﬁc information, such as preferences.
Domain Knowledge: the beliefs of the user about a domain of knowledge.
This type of content is relevant for Intelligent Learning Environments and
aims at responding to the student’s state of knowledge and providing with
adequate advice.
Preferences and Needs: normally used in interactive systems to advice the
user, or in interface agents to select the most appropriate information to provide. Most of the information retrieval support agents are based on the representation of the information “needs” or “preferences” of the users (among
others [3], [2]).
Goals and Plans: used in problem solving or task execution situations, both
on learning environments and help systems. The need for goals and plans is
an immediate result of the need to support the users to achieve adequately
their tasks. A large and important amount of work has been done in the area
of acquiring the users’ plans (e.g. [6]).
Most of these elements can be obtained, with some degree of certainty, by
the analysis of the user’s behaviour. To express this uncertainty of the models,
numerical factors are often used.

4

A Framework for Cognitive-Based Aﬀective User
Modeling

In AUM, we want to represent, acquire, and hypothesize about the user’s emotional states. Hence, we need: (1) to include a representation of the emotions or
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aﬀective states in the user model; and (2) to develop techniques to make predictions and inferences around these emotions. So, the main questions to address
are:
1. How to acquire the user’s aﬀective states?
2. How to represent them?
3. How to use these representations eﬀectively?
In the next subsections, we will try to provide with answers to these questions.
4.1

Representing Aﬀective States

We will be ascribing emotions to the user based on the user’s behaviour and
on the events of the world. Hence, we need a cognitive theory of emotions that
consider and work with such stimuli. From the vast array of theories of emotions
stating how emotions are generated, we chose the OCC theory [14] as the support
for the construction of our aﬀective user model. In the remaining of this section,
we will describe how the OCC theory can be used for the representation of the
user’s aﬀective states.
Based on the OCC theory, the user aﬀective model can be characterised by
two type of data: the user emotional proﬁle, and the emotions themselves.
The following subsections explain each one of them.
a) User Emotional Proﬁle. The emotional proﬁle states the assumed emotional conditioning of the user and is constituted by:
Emotional class thresholds: representing the assumed emotional “resistance” towards the diﬀerent classes of emotions (Figure 2 represents the
OCC structure of the emotion classes).
As an example, emotion thresholds can model how easily the child
can be disappointed during story creation. Character’s goal failure
can give cues on this threshold value when a child persists on guiding
her/his character to achieve a particular goal through a set of actions
but never does achieve the intended goal. The amount of eﬀort produced by the child can be used to state the level of resistance of the
child towards disappointment.
Emotional class decays: represent how long the emotions assumed to be experienced by the user last.
Although these values are very diﬃcult to predict during the interaction, they are strongly related with the level of empathy that a child
developed for the story characters. This empathy can be inferred
through various means as the regularity of character/role choice, or
direct questionnaires.
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Emotion

Aspects of
objects

Consequence
of events

Actions of agents

Love,
Hate
Self

Prospect relevant

Hope,
Fear,
Satisfaction,
Fears-confirmed,
Relief
Disappointment

Prospect
irrelevant

Other

Self

Other

Happy-for,
Pity,
Resentment,
Gloating

Pride,
Shame,
Gratification,
Remorse

Admiration,
Reproach,
Gratitude,
Anger

Joy,
Distress

Fig. 2. OCC Classes of Emotion

b) User Emotions. Emotions stored by the AUM system are of two types:
Potential emotions: represent which particular classes of emotions the current situation is likely to provoke according to the child’s inferred attitudes,
goals, and standards of behaviors. Additionally, they state how strong those
potential emotions are (i.e. their potential).
For instance, the child will be considered to feel reproach if a particular character that was cooperating with her/his character (i.e. both
characters had common goals), suddenly changes its behaviour and
enters directly in conﬂict with her/his character (i.e. the characters
have now conﬂicting goals).
Active emotions: whenever the potential of an emotion overcomes the assumed resistance of the user towards this class of emotion, the emotion is
said to be active, and the user is assumed to be experiencing it. The user
model stores these emotions, along with their intensity, that is, the distance
between the user’s assumed threshold and the potential of the respective
potential emotions. The greater this distance, the higher the intensity of the
experienced emotion will be assumed to be.
Besides potential and intensity, each emotion is characterised by two other
dimensions: the cause, that is, the event(s) which provoked it, and the direction,
that is, towards who or what the emotion is directed.
4.2

Appraisal Structure

To activate the assumed emotions of the user with an accurate intensity, the
UM system must consider the mechanism by which emotion-inducing stimuli are
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appraised. In the OCC theory, this evaluation is based on a set of representation
elements — the appraisal structure — which provide information on how to build
a valenced interpretation of a situation from the user point of view.
The appraisal structure is an assumption on the way people perceive the
world, and how this perception leads to the activation of emotions. Central to
the work of OCC is the notion that emotions are valenced reactions which result
from three diﬀerent perspectives of seeing the world: the events happening in
the world; the user and other agents’ actions in the world and; the objects that
exist in the world.
Transcribing the theory to the UM environment is almost direct. Events are
appraised according to their pleasingness and desirability with respect to the
user and other agents’ assumed goals, and may activate consequence of events
emotions such as hope and disappointment. Actions are appraised with respect
to the user’s assumed standards of behavior, and may activate action of agents
emotions such as shame and pride, according to the approval or disapproval
of these same actions. Finally, objects are appraised based on how the user is
assumed to like them, launching aspect of objects emotions such as love and hate.
All the classes of emotion represented in Figure 2 fall under one of those three
perspectives.
The following subsections present how this appraisal structure can be stored
and used by the UM system, in the case of the presented scenario.
World Events and User Goals. All events must be appraised in the light of
the user’s goals, to infer potential emotions related with consequences of events.
If the OCC theory clearly states when to launch the diﬀerent emotions when
faced with desirable or undesirable events, how can the AUM system classify an
event as desirable or undesirable?
Assuming that the relative importance of success and failure (which deﬁnes
the goal desirability) of user assumed and system goals are well deﬁned, and
that goals are organised as a inter-relation network (e.g., as the goal graph used
in [12]) stating how each goal realisation aﬀects the realisation of the other goals
of the network, the appraisal process should follow the following two simple
guidelines:
– Events that lead to or facilitate the realisation of desirable goals, and events
that prevent or inhibit the achievement of undesirable goals are desirable.
– Events that lead to or facilitate the realisation of undesirable goals, and
events that prevent or inhibit the achievement of desirable goals are undesirable.
In both cases, the degree of (un)desirability is proportional to the goal importance and the degree to which the event contributes to (or prevents) the goal
achievement. Those values are, however, rarely always clearly perceived by the
user, and her emotions will be generally experienced with diﬀerent intensities
than if the user could “see the all picture”.
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In a story creation process, it is quite diﬃcult for the child to evaluate
how a single directive will contribute for the story progression. Using
the example of a child controlling a Boy character ﬁghting against the
evil Witch, which actions aim at proving himself worthy of the Fairy’s
help. S/he does not know what kind of powers the Fairy will empower the
character with. Hence, s/he does not either know how much realising the
goal “obtain Fairy’s help” contributes for her/his primary goal “defeat
the Witch”. Therefore, when designing the network, we must use goal
values reﬂecting the child assumed partial view rather than the narrative
guidance system overall evaluation of each situation. It is important to
note that, however, as the children use the system through time, this
“surprise eﬀect” will tend to disappear, as the children learns the different possibilities of the system... Thus, ideally, the system should take
into account the experience of the child with the environment. This is
clearly a very sensitive point of development.
Nevertheless, the OCC theory considers other more easily deﬁnable dimensions aﬀecting the emotional appraisal as, for instance, the eﬀort invested in
achieving the goal. Those variables may compensate the mentioned lack of information.
Another important factor must be considered. In UM systems, the usual
interpretation of a user goal is “a motivation to act”. However, users do not only
have action-directed goals: they also have interest goals, which are an important
piece in understanding the user’s behaviour.
As an example, children have preferences in terms of what roles they
most like to perform when creating a story. This information can enhance the system with features that would provide the children with a
more engaging experience at each new interaction. For instance, the system can propose to the child the characters/roles matching its assumed
preferences, using as a basis her/his selected actions and character emotional changes in past stories: a child who keeps on trying to make other
characters eat poisoned apples will probably like to play Villains more
than Heroes.
If we intend to use currently available UM techniques that capture the user
goals, we will have to consider an extension to this “usual” notion of the goals
to capture also interest goals.
However, this automatically raises a problem: if interest goals are not always
directly the cause for an action, how can a system ascribe these higher level goals
to the user? A possibility would be to use direct questioning or self reﬂection,
grounding it completely on an empirical basis or aiming at the deﬁnition of the
user personality through personality trait theory forms [13].
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User Attitudes and Standards. As mentioned above, the appraisal structure
also contains information on the user’s assumed attitudes2 towards objects, as
well as her assumed standards of behaviour.
Attitudes towards world objects can be extrapolated from the user behaviour.
For instance, the system may rely on observation and previously gathered data
(e.g. direct questioning) to infer that the user have preferences upon the type
and properties of the presented props, and assume that the user is experiencing
love and hate emotions when using these materials.
There is already a large amount of work done in the UM community focusing
on the ascription of preferences to the user, which can be seen as the attitudes
of the user towards some entities of the world, stating a measure of the appeal
of these world objects for the user. Hence, we can rely on such techniques to
obtain preferences as a form to acquire the user attitudes.
Standards are a measure of how “good” or “bad” an action of the user or
system is, based on, among others, the user assumed moral, justice values, and
ethical code of conduct. Similarly to interest goals, standards of behaviour may
be diﬃcult to obtain from user behaviour observation alone. If, from the teaching
point of view, right and wrong procedures are well deﬁned, the same can not be
said about user standards. Standards will be mostly assumed from the cultural
background of the target users of the system. The system may, however, and
as always, use any of the techniques mentioned earlier to test the user assumed
standards.
4.3

Two-Stage Aﬀective Cycle

The CB-AUM system must be able to simulate the user’s appraisal process.
However, it does not yield much practical use unless there are some reasoning and
inference mechanisms that provide with the power of drawing inferences based
on the maintained aﬀective model. Furthermore, the system must also have the
capacity of updating the model according to the comparison of system formed
hypotheses about user behaviour, and the actual observation of her performance.
Thus, our framework can be viewed as a two-stage process pipeline — the
Aﬀective Cycle — represented in Figure 3, that should be interpreted as follows.
If there are any expectation on the user behaviour, based on an assumed hypothetical previous change in her aﬀective state, the current observed behaviour is
compared to it. According to the conﬁrmation or not of the predicted behaviour,
changes are performed in the aﬀective user model, to reinforce or inhibit certain
parameters of the aﬀective user model. The system then performs the second
stage of the aﬀective cycle: the simulation of the appraisal. The CB-AUM system
infers, based on current observed world events (system events and user behaviour
actions) as well as her current aﬀective model (mainly, her appraisal structure),
2

In this paper, “attitude” is used in the sense given by Ortony, Clore and Collins
in [14]: “(...) attitudes, which we view as the dispositional liking (or disliking) one
has for certain objects, or attributes of objects, without reference to standards or
goals.” - p46.
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what aﬀective changes will the observed events activate, and what actions are
expected to occur based on these aﬀective changes. These expectation will then
be used by the reinforcement stage in the next aﬀective cycle.

Situation / Observed World Events
(system's actions and user's behaviour)
A FFECTIVE U SER M ODEL
A PPRAISAL S TRUCTURE
Goals, Attitudes,
Standards

2 ND STAGE

S IMULATION OF
THE A PPRAISAL

A FFECTIVE M ODEL
Emotional Profile,
Emotions
AUM
Assumed
Changes

User
Expected
Behavior

A DDITIONAL UM D ATA

AUM
Effective
Changes

1 ST S TAGE

R EINFORCEMENT

Fig. 3. 2-Stage Aﬀective Cycle

The next subsections discuss the two stages.
Simulation of the Appraisal. This stage is mainly interested on how to use
the user’s appraisal structure to ascribe an emotion to a user, and therefore be
able to maintain a prediction on the user emotional state.
As previously described, the appraisal structure characterises the typical reactions of a user to world situations according to three dimensions: goals, attitudes and standards. These reaction will trigger diﬀerent emotions according to
OCC theory, that the system assumes to be experienced by the user. However,
how does the system evaluate each world event?
Our appraisal stage is, itself, also a two-step process. The ﬁrst step is to
identify the relevance of the observed events for the user. All events that are
perceived by the user are cross-checked with the user’s appraisal structure.
For instance, characters and props that the child likes (stored in her
attitudes), and events or characters’ behaviours that the child does not
like (stored in her standards structure), are ﬁltered from all the perceived
events. All other elements are dumped.
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Once the relevant events are ﬁltered out, the second stage of the appraisal is
to evaluate them in the light of the OCC theory of emotions, and to evaluate each
emotional parameter. Implementation-wise, this stage relies heavily on pattern
matching techniques. An example of such implementation can be found in [12].
Reinforcement of the Hypotheses. Implementation-wise, this phase relies
heavily on reinforcement learning techniques to maintain the coherence of the
user’s emotional proﬁle. This stage should be combined with user attuned aﬀective wearables and other types of aﬀective input to achieve a more reliable model
of the aﬀective states of the user.

5

Concluding Remarks

In this paper, we presented a ﬁrst study on how to build aﬀective user modeling
systems through the inclusion of cognitive-based techniques based on a cognitive theory of emotions. Using the Ortony, Clore and Collins cognitive theory
of emotions, we described a framework based on a two stages processing and
discussed the necessary type of information such systems must keep, as well as
some of the initial problems we must face when prototyping them.
We further pointed how this cognitive-based approach, rather than replacing physiological signal processing, can be combined with such technology to
produce more robust systems. The cognitive part would provide with the tools
to predict aﬀect based on world interpretation, and aﬀective input would provide with elements to reinforce or inhibit those predictions based on conﬁrmed
physiological signals, in addition to the observation of the user’s behaviour.
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Abstract I claim that two important aspects of emotions are usually missed
by current computational models and uses. On the one side, human emotions
are complex and rich mental states, not simple reactive mechanisms. They
have rich cognitive ingredients, in particular “evaluations”. I will propose
some brief example of such a necessary “cognitive anatomy” (in terms of
beliefs and goals) of complex social emotions (for ex. shame) and of the
“meaning” of their expression. On the other side, emotions are felt; and we
do not have a model about what it does mean to “feel” something, about the
unavoidable role of a “body” in this, and about the necessary function of the
feeling component in the emotional process. In this perspective, in particular
it becomes very important the distinction between a true “cognitive
evaluation” and merely intuitive and implicit affective appraisal. I exemplify
this distinction in the analysis of “trust”. Finally, I wonder about the
importance of the affective appraisal Vs the explicit evaluations in Affective
Computing and in HC and computer mediated interactions. Are these
cognitive complex emotions, are these felt and embodied emotions, are
explicit evaluations or intuitive appraisals useful and why?
I also discuss a bit the relationships between emotion and motivation, and
between emotion and personality, that on my view are currently quite mixed
up.

1. Two Missed Aspects of Computing Emotions
Something important is usually missed by current computational and robotic
models and uses of emotions.
-

On the one side, human emotions are complex and rich mental states, not
simple reactive mechanisms. They have rich cognitive ingredients.

I will propose some examples of such a necessary “cognitive anatomy” (in terms of
beliefs and goals) of complex social emotions, and of the “meaning” of their
expression as communication about the mental state.
-

On the other side, emotions are felt; and we do not have a model of what it
does mean to “feel” something, about the unavoidable role of a “body” in this,
and about the necessary function of the feeling component in the emotional
process.

A. M. Paiva (Ed.): Affective Interactions, LNAI 1814, pp. 76-106, 2000.
c Springer-Verlag Berlin Heidelberg 2000
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I will illustrate these two problems,
-

by considering in some emotions and affects (envy, shame, and trust) the
relevance of their cognitive anatomy;

-

by illustrating the distinction -crucial for a theory of emotions and of affective
reactions- between intuitive and implicit appraisal and cognitive evaluation;

-

by providing some hints about what it should mean/imply “to feel” something.
In this structural and functional analysis of emotions I will also discuss a bit the
relationships between emotion and motivation, and between emotion and
personality (see Appendix), that in my view are currently quite mixed up.
In the last part I will reason about the questionable importance of the cognitive
stuff, of the affective appraisal Vs the explicit evaluations, and of the felt emotions,
in Affective Computing and in HC and computer mediated interactions.

2. Cognitive Aspects in Emotion: Emotions as Complex and
Rich Mental States, not Simply as Reactive and
Expressiv Devices 1
Emotion forms a complex, hybrid subjective state (state of mind). This state
is described as “hybrid” in that the emotions are constituted by the integration of
mental, somatic, cognitive and motivational components. A constituent element of
each complex emotion is the “mental state”, an integrated structure of assumptions
and goals which is closely linked to its functional nature, determines its intensional
nature and classification, and accounts for its activation and motivation.
Intension
Many emotions have intension, i.e. they are about something. They usually
have an object (something which arouses emotion) and often a target, i.e. someone
they are directed towards. For example, we envy someone for something, get angry
with someone over something, feel ashamed or guilty towards someone about
something.
Value or Valence
The emotions can also be divided for the most part into “positive” and
“negative”. These terms are, however, ambiguous in that they confuse different
aspects. Positive and negative emotions can be understood on the one hand as those
which are subjectively pleasant or unpleasant, and on the other as emotions
regarding success in achieving goals (joy, pride) or failure (fear, shame, guilt).
Emotions can also be regarded as positive or negative in that they are culturally
praised and encouraged or criticized and discouraged (e.g. envy), or in the sense
that the individual avoids them (e.g. tenderness, because it makes him
“vulnerable”) or pursues them (e.g. the fear involved in taking risks, because it
makes him feel “alive”).
In any case, the general thesis is that the emotions indicating failure
(actual or threatened) to achieve a goal are subjectively negative, i.e. unpleasant. It
is, however, essential to have a clear idea of the goals in question (see later, and
[25]).

1This part of the paper is an abridged translation of a chapter of an Italian book: Maria
Miceli e Cristiano Castelfranchi "Le difese della mente" (Defences of Mind), NIS, Roma,
1995. I would like to thank Maria for her precious contribution to both the content and the
form of this chapter.
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The Constituent Elements of the Emotions
The basic constituent elements of the emotions are beliefs, evaluations,
goals, arousal - i.e. somatic activation and its proprioception - and the “tendency
towards action” or conative component.

2.1 Beliefs
Beliefs play three fundamental roles in the emotions.
i. Activating beliefs. Many emotions are activated not by external stimuli but
by representations, which can also be endogenously generated (e.g. through
inference). These representations can be either of the perceptive-motor type (e.g.
images) or propositional (e.g. “John is dead”, “I might be found out”). Such beliefs
activate and partially account for emotion in that they are consistently connected
with the individual’s conduct. In the case of guilt, for example, the subject
entertains a complex structure of interconnected beliefs: that something has
happened; that this injures someone; that this injury is not “deserved” by the
person suffering it; that the subject’s own actions or negligence are responsible for
the injury; that it could have been avoided. This configuration of beliefs produces
the sense of guilt and is an integral part thereof. They form a lasting part of the
“mental state” accompanying the sense of guilt, are involved in evaluation, causal
attribution and categorization (as we shall see), and are connected with the goals
activated.
In many emotions, if not in all, some of the activating beliefs are very
special and clarify one of the essential links between emotions and goals. Emotive
reactions appear to be connected with the monitoring of certain goals, being
triggered when these goals are compromised/threatened or achieved/announced.
Failure beliefs therefore unquestionably form part of activating beliefs.
Positive or negative evaluations (see 4.1) very often form part of
activating beliefs. For example, the sense of guilt involves a negative evaluation of
the event (injury) and hence of one’s action and of oneself; the same is true for
shame relatively to some feature or action of the subject not necessarily involving
any responsibility.
There can be no doubt that failure/achievement beliefs are themselves
implicitly or explicitly evaluative beliefs.
ii. Causal attribution beliefs. Activating beliefs produce a somatic reaction,
a more or less specific arousal of each emotion. This reaction is an essential
component of “how one feels”, of the subjective aspect of the emotion, but does
not merely accompany the ideas of images that activate it. In a cognitive agent, a
far more explicit nexus is established. The mind interprets these stimuli and
attributes them precisely to the emotive state. It assumes that the changes and
sensations involved are due to a given emotion and to the activating beliefs and
images belonging to it. In other words, it causally attributes the arousal and the
sensations to the emotion (and in particular to the activating stimuli and
representations).
We shall therefore use the term “attributional beliefs” in this context to
refer to the attribution of a somatic reaction to a particular emotive state (not to
activating beliefs of the causal type, e.g. beliefs regarding the attribution of
responsibility in the case of guilt).
iii. Categorization beliefs. Categorization beliefs are no less important and
typical of the emotions in cognitive agents. The subject interprets, recognizes and
labels his state of mind as a certain emotion (one which his language and personal
vocabulary enable him to express), saying to himself “I’m furious with John”, “I’m
sad”, “I love Lucy” or “What a disgrace”. These categorization beliefs (which are,
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in a certain sense, meta-level beliefs) are closely connected with the other beliefs.
Categorization is only possible in the presence of a specific configuration of beliefs
and attribution of the associated sensations. In other words, a given interpretation
of facts and sensations is required if we are to feel a given emotion, which for
human beings means “recognizing” that emotion.
In defending oneself against certain emotions or against the suffering
involved [36], one attacks precisely some of these beliefs, thereby dismantling the
assumptions, ingredients or recognition-awareness of the emotion. It is, of course,
also possible to work on one’s goals (more precisely, on the beliefs supporting
them), which are again often constituent elements of the emotion in question.

2.2 Goals
The relationship between emotions and goals is also structured and complex.
The emotions themselves are translated into goals. They have the role of
monitoring the pursuit and achievement of goals. Finally, they activate goals.
i. Emotions as goals. The individual can perform or avoid performing an
action in order to feel or not to feel a given emotion. He can, for example, give a
present in order to feel the pleasure caused by the satisfaction or gratitude of the
recipient, or forbear from doing injury in order to avoid feeling guilt. In
behaviourist terms, the (positive or negative) emotions are therefore often a
(positive or negative) reinforcement for the adoption or avoidance of given
behaviour. For this reason they play an important role in learning. A “successful”
(or ineffective or harmful) action or plan will subsequently be pursued (or avoided)
not only in the light of memories, inferences and evaluations regarding outcome
(success or failure), costs of pursuit and side effects, but also (and in more direct
fashion, without the mediation of reasoning) in order to experience (or avoid) the
emotions associated with the outcome of the behaviour in question.
ii. The emotions monitor goals. In addition to the possibility of themselves
becoming goals, the emotions perform the role of informing the individual as to
whether his goals are compromised or achieved (threatened or “promised”). Fear,
anxiety, shame, guilt, surprise, joy, pride and so on are all indicators, all provide
information on the (possible) fate of our goals [1] [57] [25] [28] [46]. As
mentioned above, this is a particular type of information: immediate, global, not
based on argument, far removed from analytical belief and from reasoning about
the causes of success or failure. At the same time, however, it is precisely because
of their immediacy and holistic nature that they constitute extremely effective
signals and lead to equally immediate behavioural reactions (flight/approach).
iii. The emotions activate goals. The emotions not only monitor but also
activate goals (the “reactions” referred to above). For example, in the case of envy
(see 2.1), the “monitored” goal is “not to have less power” than the envied party,
whereas the activated goal is to wish/do injury to the other party. In the case of
guilt, the monitored goal is to respect shared rules or not to cause injury, while the
activated goal is to make good the injury inflicted.
The activation of goals through emotions possesses very different
characteristics from the activation of goals through beliefs. In cognitive activation
[8], a goal S1 cannot be generated by a belief. Instead, the belief activates S1,
which was already represented in the mind, and can generate a sub-goal S2 that
serves the purpose of achieving S1. When I learn that the water will be cut off
tomorrow, this activates the goal of “having water”, which interacts with the belief
in question and activates the sub-goal of “laying in supplies”. Cognitive activation
is closely related to the mechanisms of planning and of reasoning with respect to
goals, means and conditions.
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On the contrary, goals directly activated by emotions or “impulses” are
“irrational” in that there does not exist a “logical” nexus of planning (i.e. in the
mind of the agent, whereas its existence can be plausibly assumed outside the mind
at the functional level) between activating conditions (including the monitored
goal) and activated goal. To return to the example of envy, doing injury to the
envied party is not a way (or rather is not represented as a way) of “not having less
power” than him, or of gaining possession of a particular object of envy
(motorcycle, promotion, holiday). In the “emotive” activation of goals, a belief
(“Peter is better than me” or, to descend to the level of more elementary emotions
like fear or disgust, “There’s a rat in the cellar”) directly “produces” the goal (“of
wishing/making Peter suffer”, “of avoiding the rat”) without the mediation of
evaluative knowledge and planning.
In the goals activated by emotion (which can range from specific goals to
more general goals further removed from behavioural sequences), we basically
resolve what is termed the conative component of the emotion, its tendency
towards action.
Emotion and Motivation
In our view this is the main relationship between emotion and motivation:
emotion activates goals (more or less important or urgent, and more or less close to
an action sequence ready to be executed) and this can affect the commitment to
previous intentions or stop a planned or executed behaviour. It is important to have
clear that neither motivation can be reduced to emotions, nor vice versa. On the
one side, emotions have several functions that are not depending on their
motivational or conative aspect (for example affecting memory, or informing about
beliefs and values); on the other side, there are motivational mechanisms that (at
least in principle) are not necessarily based on emotions, like calculated
preferences, planning, "cold" goals activation and pursuit, etc.
Cognitive Ingredients and Intension
Returning to the intensional aspect of emotion, we can now see its
connection with the analysis of emotion. The object of an emotion appears to come
from its activating beliefs, and especially from those to which the cause of the
emotion is attributed. It comes from beliefs regarding the failure or attainment of a
goal. Therefore it is also the “object” of a monitored goal. If I envy y for i, it means
that I wanted i, that I do not think I (can) possess i, whereas y does, and that I feel
ill-will for this reason. If I feel guilt about i, it means that i is an injury or injurious
action that I regret having performed and that I relate my suffering to this
responsibility.
The target of the emotion (in the case of social emotions) is connected
with the goal activated. This is a social goal (to injure, to aid, to avoid) whose
target is y. But this goal is connected with beliefs of which y is the object, which
activate and justify the goal directed towards him: y is the person who I
believe/imagine has more power than me (in the case of envy), or the person who I
think I have injured (in the case of guilt), and so on.

3. Cognitive Ingredients: Envy, Shame, Trust
Let me give in this chapter a very brief and incomplete analysis of the
most important cognitive components of envy and shame. I rely on the intuition of
the reader since I cannot extensively justify this analysis here.
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3.1 Necessary Beliefs and Goals for Envy
I consider envy in its strong and bad sense, as a serious social resentment
and hostility (not simply as a desire).
(Envy x y p/i)
x envies y for p: having i
This necessarily presupposes that x
(Bel x (Has y i))
___________

p
•

(Goal x (Has x i))

(Bel x (NOT (Has x i)))
However, not only x believes that he has not i, but he believes that he cannot have
it (in time). This belief about lacking power is crucial for orienting the subject
towards envy rather than towards emulation. Thus there is a power comparison
where x is inferior
Power Comparison
(Bel x (Can y p))
(Bel x (NOT (Can x p)))
(Bel x (More_Powerful y x as for p)))
I assume that the envious person is not suffering only for not having i, but mainly
for his inferiority: i.e. another more important (social) goal is frustrated. I assume
that this is the real concern monitored by this emotion (not the specific lack of
power).
Threatened Goal:
•

(Goal x (NOT (More_Powerful y x ..)))
not having less power than the others

social hierarchy
Etc.
Suffering for both:
•

(Goal x (Has x i))

x suffers for not having i

•

(Goal x (NOT (More_Powerful y x ..)))

x suffers for being inferior

This explains why the goal activated in/by envy is a social one and is a form of
aggression, hostility towards the other, wishing to the other some misfortune, some
loss of power.
You cannot really feel envy
- if you do not believe that y has i, and
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- believe that you are not able to have i (in time), and
- you do not desire i, and
- you do not compare yourself with y, believing that she is more powerful than
you as for p; etc. 2
These beliefs and goals are constitutive of the mental state of envy; these
evaluations (cf. 4.1) (“I cannot have...”; “she can have...”; “she is better than me”)
are necessary for activating envy and characterising it. And the activated goal or
disposition (the ill-will towards y) coherently - although not in a calculated and
planned way- descends from and complements these mental states [15]. Envy can
be involuntarily manifested in behaviour and attitude, but is not really “expressed”
by specific communicative signals, since usually it is and must be hidden.

3.2 Necessary Beliefs and Goals for Shame
Shame is pain or fear of having compromised our very important goal of
social image and esteem: some of our characteristics, behaviours, etc. (and then
we) are badly evaluated; we are lacking some quality, missing some standard,
having some defect [16]
(Ashamed x y i)
when x is ashamed in front of y as for i, he necessarily has at least the following
beliefs and goals:
(Bel x (Bel y (Has/Did x i)))
____________

p
(Bel x (Bel-Negative y i/p)) y’s negative evaluation of i and p
(Bel x (Bel-Negative y x)) y’s negative evaluation of x!} the goal of social image
} is threatened
(Goal x (Bel-Positive y x)) x’s goal of a good social image, of esteem
(Bel-Negative x i/p)

shared values and evaluation between x and y: p
is bad

etc.
You cannot really feel ashamed
- if you do not believe that y knows or could know about i, or just believes that
i; and
- if you do not believe that y has a negative evaluation of i, or
- if you do not agree (believe) that this is/would in fact be bad; or
- if you do not care about y’s judgement of you (reputation, image, esteem,
approval); etc.
These beliefs and goals are constitutive of the mental state of shame; those
evaluations are necessary for activating shame and characterising it.

2 Another very crucial component that I do not discuss here is the lack of a believe about
the fact the y does not deserve i : (NOT (Bel x (NOT (Deserves/Entitled y p)))). Such a
belief would modify the mental and affective state from mere envy to indignation or sense
of injustice.
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The Meaning of Shame Expression
In our view [16] blushing has a specific meaning; it is a signal with a specific
communicative function, although it bears a non-intentional, and even countervoluntary, communication. Blush communicates some crucial aspects of the mental
state involved in shame, namely the individual sensitiveness to others’ judgement
and, at the same time, his sincere sharing of their values and his suffering for being
inadequate. The blusher is somehow “saying” he knows, cares and fear the others’
evaluation, and he agrees about the standards and values; and he also
communicates his sorrow over any possible faults or inadequacies of his, thus
performing at the same time an acknowledgement, a confession and an apology
aimed at inhibiting the others’ moralistic aggression or avoiding social ostracism.
The fact that blushing cannot be simulated guarantees the group about the sincerity
of all this message and the internalisation of social values. Moreover, the meaning
of blushing is perfectly coherent with a sort of non-verbal “discourse” whose
components are the others typical shame signals and behaviours: the posture and
movements of eyes and head. Those communicative (involuntary) acts converge
towards a unique, final goal: inhibiting possible group aggression over an alleged
violation of some value. Lowering the eyes communicates that the subject is giving
up his power over the evaluator and accept some sort of subordination (and
inferiority). The head lowering and the diminishing posture aims at the goal of
looking smaller, and at giving up facing the others. The individual does not oppose
to the group, accepts and cares about their evaluation: he argues for his belonging
to the group, and at the same time he informs he is aware of his fault and has been
already punished.

3.3 Explicit, Evaluation-Based Trust Vs Implicit Affective Trust
3.3.1 A Cognitive Anatomy of Trust
Let us briefly introduce our cognitive analysis of trust (for a more
complete presentation see [12] [13] [14].
In our model we specify which structure of beliefs and goals characterise x’s trust
in another agent y.
Beliefs on Which Trust is Based
First, one trusts another only relatively to a goal, i.e. for something s/he wants to
achieve, that s/he desires. If x does not have goals, she cannot really decide, nor
care about something (welfare): she cannot subjectively “trust” somebody.
Second, at this level (see 2.3.2), trust itself consists of beliefs. Trust basically is a
mental state, a complex mental attitude of an agent x towards another agent y about
the behaviour/action a relevant for the result (goal) g.
•
x is the relying agent, who feels trust (trustor), it is a cognitive agent endowed
with internal explicit goals and beliefs;
• y is the agent or entity which is trusted (trustee); y is not necessarily a
cognitive agent (in this paper, however, we will consider only cognitive
agents, i.e. social trust). So
• x trusts y “about” g/a (where g is a specific world state, and a is an action that
produces that world state g) and “for” g/a ; x trusts also “that” g will be true.
Since y’s action is useful to x, and x is relying on it, this means that x is
“delegating” some action/goal in her own plan to y. This is the strict relation
between trust and reliance or delegation. Trust is the mental counter-part of
reliance.
We summarize the main beliefs in our model:
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1. "Competence" Belief: a positive evaluation of y is necessary, x should believe
that y is useful for this goal of hers, that y can produce/provide the expected
result, that y can play such a role in her plan/action, that y has some function.
2. “Disposition” Belief: Moreover, x should believe that y is not only able to
perform that action/task, but y will actually do what x needs (predictability).
3. Fulfilment Belief: x believes that g will be achieved (thanks to y in this case).
This is the "trust that" g.
When y is a cognitive agent these beliefs need to be articulated in and supported
by more precise beliefs about y’s mind and/or personality: this make y’s
behaviour predictable. In particular, predictability or y’s disposition should be
supported by:
4. Willingness Belief: x believes that y has decided and intends to do a. In fact for
this kind of agent to do something, it must intend to do it. So trust requires
modelling the mind of the other.
5. Persistence Belief: x should also believe that y is stable enough in his intentions,
that y has no serious conflicts about a (otherwise y might change his mind), or
that y is not unpredictable by character, etc.
While y’s competence might be complemented by:
6. Self-confidence Belief: x should also believe that y knows that y can do a. Thus y
is self-confident. It is difficult to trust someone who does not trust himself!
We can say that trust is a set of mental attitudes characterizing the mind of a
“delegating” agent, who prefers another agent doing the action; y is a cognitive
agent, so x believes that y intends to do the action and y will persist in this.
Internal versus External Attribution of Trust
We should also distinguish between trust ‘in’ someone or something that has to act
and produce a given performance thanks to its internal characteristics, and the
global trust in the global event or process and its result which is also affected by
external factors like opportunities and interferences.
Trust in y (for example, ‘social trust’ in strict sense) seems to consist in the two
first prototypical beliefs/evaluations we identified as the basis for reliance:
ability/competence, and disposition. Evaluation of opportunities is not really an
evaluation about y (at most the belief about its ability to recognize, exploit and
create opportunities is part of our trust ‘in’ y). We should also add an evaluation
about the probability and consistence of obstacles, adversities, and interferences.
We will call this part of the global trust (the trust ‘in’ y relative to its internal
powers - both motivational powers and competential powers) internal trust.
This distinction between internal versus external attribution is important for several
reasons:
• To better capture the meaning of trust in several common sense and social
science uses.
• To understand the precise role of that nucleus of trust that we could describe in
terms of “unharmfulness”, sense of safety, perception of goodwill.
• To better understand why trust cannot be simply reduced to and replaced by a
probability or risk measure, like in the economic or game-theoretic approach to
trust [14].
Trust can be said to consist of or rather to (either implicitly or explicitly) imply, the
subjective probability of the successful performance of a given behaviour a, and it
is on the basis of this subjective perception/evaluation of risk and opportunity that
the agent decides to rely or not, to bet or not on y. However, the probability index
is based on, derived from those beliefs and evaluations. In other terms, the global,
final probability of the realisation of the goal g, i.e. of the successful performance
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of a, should be decomposed into the probability of y performing the action well
(that derives from the probability of willingness, persistence, engagement,
competence: internal attribution) and the probability of having the appropriate
conditions (opportunities and resources: external attribution) for the performance
and for its success, and of not having interferences and adversities (external
attribution).
Degrees of Trust
The idea that trust is scalable is common (in common sense, in social sciences, in
AI). However, since no real definition and cognitive characterisation of trust is
given, the quantification of trust is quite ad hoc and arbitrary, and the introduction
of this notion or predicate is semantically empty. On the contrary, we claim that
there is a strong coherence between the cognitive definition of trust, its mental
ingredients, and, on the one side, its value, on the other side, its social functions
and its affective aspects. More precisely the latter are based on the former.
In our model we ground the degree of trust of x in y, in the cognitive components
of x's mental state of trust. More precisely, the degree of trust is a function of the
subjective certainty of the relevant beliefs. We use the degree of trust to formalise a
rational basis for the decision of relying and betting on y. Also we claim that the
"quantitative" aspect of another basic ingredient is relevant: the value or
importance or utility of the goal g. In sum,
• the quantitative dimensions of trust are based on the quantitative
dimensions of its cognitive constituents.
For us trust is not an arbitrary index with an operational importance, without a real
content, but it is based on the subjective certainty of the relevant beliefs.

Self-Confidence
Know How
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Ability
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FEAR of
AUTHORITY

INTENDS
&
PERSISTS
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Will Do
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3.3.2 Implicit and Affective Forms of Trust
Trust is also a "feeling", something that the agent "feels" towards another
agent. It is confidence (similar to self-confidence) not a judgement. It can be not
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argumentable and based on reasons or explicit experiences; it can be just "by
default" or just "intuitive" and based on tacit knowledge and implicit learning.
At a primitive level (consider a baby) trust is something not express/ed/ible in
words, not made of explicit beliefs about y’s competence or reliability. It is a
spontaneous, non reasonable or reasoned upon (non rational) reliance, and a feeling
of confidence in a given environment or in a person. What is this kind or this facet
of trust? [55]
Trust as a feeling is characterised by a sensation of “letting oneself go”, of
relaxing, a sort of confident surrender; there is an attenuation of the alerted and
defensive attitude. Affective components of trust result in a felt freedom from
anxiety and worry; x feels safe or even protected; there is no suspicion or hostility
towards y which is appraised/felt as benevolent and reliable/able (“S/he will take
care of...”). Towards a benevolent y we are benevolent, good-willing; towards a
good/skilled y we are not aroused, alerted, cautious, wary (x could say: “I put
myself into your hands”; wile y will say “Let yourself go, do not resist, trust me”).
Notice how these possible affective components of trust are coherent and
compatible with our cognitive analysis of trust. However, they can also be
independent of any judgement; they can be just the affective, dispositional
consequence of an intuitive appraisal (cf. 4.2) and of learning. They can even be by
default or just the result of lack of (bad) experiences, lack of negative evaluations.
Trust, Lack of Trust, and Mistrust
To understand part of this affective state it could be useful to distinguish between
two different opposite of trust, two forms of “lack of trust”: distrust and mistrust
There are two kinds of negative evaluation (cf. 4.1).
Evaluation of Inadequacy:
"x is not able to, is not good, apt, useful, adequate, ...for my goal";
(Bel x (Not(GOOD-FOR y p))) & (Goal x p) - (cf. 4.1)
Evaluation of harmfulness:
" x is good but for bad things (contrary my goal), it is noxious, dangerous"
(Bel x (GOOD-FOR y p)) & (Goal x (Not p))
Analogously there are two forms of negative trust or dis/mistrust, two opposites of
trust; I propose to call them respectively “distrust” and “mistrust” (suspicion) 3 . At
the explicit level, we have:
•

Negative Trust-1 or Distrust- is when either x believes that x is not able, or
that his/her behaviour is not predictable (s/he will not do a). x does not fear y;
but it just does not trust y as for realising p or doing a.

•

Negative Trust-2 or Mistrust is more than this. At the explicit level it is a
paradoxical form of trust: x believes that y is able and willing to do something
which is bad for x. x has negative expectations/evaluations about y’s
intentions and ability.

3 To be true, the natural language terms 'mistrust' or 'distrust' are ambiguous between the
two forms. However, there is some connotation in one sense or in the other, which is the
reason I adopted those terms as having a precise meaning.
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Noticed that both imply lack of trust, i.e. the fact that x has not (enough) trust in y,
as previously defined.
At the affective level this means either do not relax and quietly rely upon, or even
it means suspicion, apprehension: x worries about y’s action. S/he does not trust y
in the sense that s/he is cautious and suspicious. 4
Implicit Trust
Given these two different opposites of trust, one can identify an important
implicit form of trust where x has neither specific and explicit positive evaluations
(cf. 4.1) about y, nor has suspects and worries. S/he is just without doubts, suspect
and worries, s/he naively relies upon y: not because of an explicit and reason based
evaluation of y. S/he trusts by default and because s/he has no reasons to be
cautious and to suspect, and then without any explicitly exam of whether y is able,
willing, or dangerous. One could represent this attitude as the absence of Distrust
and of Mistrust, of suspicion, and also of explicit positive evaluations and trust.
This implicit, passive, and spontaneous or naive form of trust consists of not
having the typical trust beliefs, but also in not having negative ones, negative
expectations: to be without any suspect and suspicion. Consider in fact that not
having a given belief (I do not believe that it is raining) is a very different cognitive
state that having the opposite belief (I believe that it is not raining).
As not trusting y for p is not the same of expecting harm from y, analogously not
dis/mistrusting, do not worrying is not the same of positively believing that y is
capable and good-willing. However, this lack of dis/mistrust can be sufficient for
relying upon y.
The behaviour of trust consists in this weak form in the absence of cautions, of
controls, of any search for evidence for evaluation, and in the absence of a true
“decision” about trusting or not y.
Only after some negative unexpected experience, this kind of trust is damaged.
Who uses explicit, evaluation-based trust, based on evidence, is no longer naive:
s/he has already considered the situation as problematic, S/he has some doubt.
There is on the contrary a form of trust without and before any question like:
"Can/should I trust y?". 5
4

One might (by paradoxically using a predicate Trust without the goal in its
definition) represent Positive trust, Lack of trust, and Negative trust as follows:
(Trust y x p) & (Goal y p) Positive Trust
(Not (Trust y x p)) & (Goal y p) Lack of Trust
(Trust y x p) & (Goal y (Not p)) Mistrust

5

It is important also to distinguish between uncertainty (the fact that we do not
have complete evidence of our positive evaluation of -trust in- y, we are not hundred
% sure of our beliefs), that make y’s behaviour (and results) not completely
subjectively predictable; from the actual presence of contrasting, negative
evaluations and expectations. The absence of a belief is a mental state significantly
different from the presence of the negative belief, with completely different
consequences at the reasoning and at the pragmatic level. When x has positive
evaluations of y, and does not have any negative (pertinent) evaluation, although
this positive evaluation leaves some room to ignorance and uncertainty, this is very
different from a situation where x has negative beliefs about y which make y
‘ambivalent’ (attractive and repulsive, positive and negative, at the same time) and
destroy x’s ‘trust in’ y, his trustworthiness. Non-ambivalent although uncertain
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Let me conclude this very preliminary exploration of such a hard topic as follow:
the lack of explicit trust seems to cover three different mental states:
- insufficient trust (x does not estimate enough y to count on him, she has some
negative evaluation on y) or distrust
- mistrust (x worries about y)
- implicit trust, be it either spontaneous, naive and by default (lack of suspect), or
be it automatic and procedural, just based on previous positive experience and
learning.

4. Emotions without “Feeling”?
It should be time now for cognitive models to go beyond the functional
approach to emotions. The title of the well-known paper by Frijda and Swagerman
[27] was “Can computer feel?”, but immediately the authors clarify that:
“The question is ambiguous. The word “feeling” refers to a kind of
conscious experience and to a process of affective appraisal and
response... The paper discusses the second meaning of “feeling”. Its main
theme can be rephrased as: Can computers have emotions?”.

Compared with the title of the paper this is a bit disappointing. Can cognitive
science provide any theory of the most relevant sense of “feeling”, the subjective,
phenomenic experience? Or is this beyond the capability of the cognitive science
paradigm? In my view, Frijda’s claim that “what is interesting in the phenomena
that make one use concepts like ‘emotions’ and ‘emotional’ is not primarily
subjective experience” (p.236), should be considered now a bit obsolete. One
should not abandon either the functionalist approach to emotions or the cognitive
analysis of emotions, but one should try to extend the model to cover or to
integrate the other very relevant aspects. So the question “Can computer feel?”
should be taken seriously. I claim that computers can feel if they have a body (and
a brain) not simply a hardware: a real body including self-perception and internal
reactions (either peripheral or central); and these somatic reactions should be
related -by attributional representations or by association- to mental representations
(beliefs, goals, etc.).
It is important to understand that the problem is not only to go beyond a
functionalist analysis of emotions to integrate other aspects, but the problem is that
evaluation is very different from ambivalent evaluation. Thus, we have to
distinguish between two types of ‘unharmfulness’ ‘safety’ ‘there is nothing to
worry’ etc.: the implicit and the explicit one.
Implicit unharmfulness simply consists in the absence of suspects, doubts, reasons to
worry, diffidence, no perceived threats; some sort of ‘by default’ naive and nonargumentable confidence. I do not have reasons to doubt of y’s pro-attitude (active
or passive adoption), I do not have negative beliefs about this.
Explicit unharmfulness consists of explicit beliefs about the fact that ‘I have nothing
to worry from y’.
Both the implicit or explicit unharmfulness can be based on other beliefs about y, like “He
is a friend of mine”, “I’m likeable”, “I feel his positive emotional disposition” (empathy),
“he is honest and respectful of norms and promises”, “he fears me enough”, ... and also “he
trusts me and relies on me”. This unharmfulness perception and then trust in y based on y’s
trust in x, is important for the circular dynamics of trust and to explain how trust can create
trust.
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any functional explanation is incomplete if ignores the subjective facet of
emotions.

The real problem is precisely the function of the internal perception, of the
“feeling” of the bodily peripheral reactions and of the central response. Since a
reactive system can do the job of an emotional system, why do we need emotions?
why do we need a system which perceives its own reactions? what is the role of
this self-perception in the adaptive process?
Let me clarify a bit this point. With a few exceptions (for ex. [43]) the
dominant AI position about emotions remains that enounced by Simon [48] who
explains their function in terms of operating system interrupts that prompt one
processing activity to be replaced by another of higher priority, i.e. in terms of a
reactive goal-directed system in an unpredictable environment. As Sloman and
Croucher observe, the need to cope with a changing and partly unpredictable world
makes it very likely that any intelligent system with multiple motives and limited
powers will have emotions [50]. I believe that this view is basically correct, rather
topical (ex. [42]) but seriously incomplete. This function is necessary to explain
emotions but is not sufficient; and precisely AI and ALife show this. In fact, to
deal with this kind of functionality a good reactive multi-task system able to focus
attention or memory and to activate or inhibit goals and actions would be enough.
Current models of affective computing simply model the emotional
behaviour/expression and the cognitive-reactivity function. Consider for ex.
Picard's nice description of fear in a robot:
"In its usual, nonemotional state, the robot peruses the planet, gathering data,
analyzing it, and communicating its results back to earth. At one point, however,
the robot senses that it has been physically damaged and changes to a new internal
state, perhaps named 'fear'. In this new state it behaves differently, quickly
reallocating its resources to drive its perceptual sensors and provide extra power
to its motor system to let it move rapidly away from the source of danger.
However, as long as the robot remains in a state of fear, it has insufficient
resources to perform its data analysis (like human beings who can't concentrate on
a task when they are in danger). The robot communication priorities, ceasing to be
scientific, put out a call for help." [44] 6

What is lacking in this characterisation of fear? just the most typical "emotional"
aspect: feeling.
Feeling is a broader notion: we can feel a lot of things that are not emotions (needs,
for ex.). However, feeling is a kernel component of emotion: if we cannot feel x,
we should/could doubt that x is an emotion [39]. As I said, this puts out a serious
question: since we can account for emotional functioning without modelling
feeling, since a reactive change of the internal state, cognitive processing, and
behaviour is enough, why is feeling such a crucial component of human (and
animal) emotions? Is it a mere epiphenomenon lacking any causal function in the
process? Or which is its function and its reason?
Emotions, it is true, provide reactivity to the agent, and enter the control and the
commitment of the system. More precisely, emotions are -as we saw- one of the
sources of our goals, they are one of the mechanisms of what I call "cognitive
reactivity" [8]:
a) the reactive activation not of a reflex or an action but of a goal (to be
planned, in case), and
b) an activation based not on a stimulus/perception but on a belief (even
internally generated by inference).
The emotionally activated goals can also bypass decision-making (or have high
priority), and interrupt planning or execution. All this is rather obvious.
6 A similar view in (Webster 1997) about depression in robots.
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However, we already have this kind-level of reactivity for example in BDI agents,
or in other architecture more biologically inspired. Thus, we don't really need
emotions for doing this, nor there is any reasons to call "emotions" such a reactive
mechanisms, since they do not capture what is special in emotions. Is there
something more than reactivity in emotions? something we don't have yet in our
cognitive-reactive agents, and that could be important for their efficiency/survival?
Consider a BDI architecture (Georgeff; Lansky; Pollack; Rao; see [29]): the agent
is situated in an evolving environment and is able to modify its behaviour
-opportunistically and reactively- on the basis of the information arriving from the
environment relative to success or failure of actions, to changes in the world,
erroneous predictions, etc. This is rather "adaptive".
But living organisms have also an "internal environment" they receive information
from and react to. Let call "internal states" the states of this internal environment
(the body and its self-perception) which are different from mental/cognitive states
(I mean the state of the agent's beliefs, goals, intentions, etc..).
These internal states can evolve in time following rules that are independent of the
evolution of mental states. Consider for example the level of energy (battery) at
disposal for actions: this level will decrease with the activity of the agent and/or
with time. The system perceive this (has an information about this), and its
preferences can change on such a basis.
These internal states evolve in time following rules that are also independent of the
evolution of the external environment. However, these internal states also evolve
on the basis of external stimuli: reactively (this is specially true for emotions), and
we perceive such "alteration" of our internal state, we perceive our bodily
"response" to the environment. For example the arousal reaction.
Which is the role of this "internal environment" and of the information about it?
Let me say that this role is "dispositional": the status of the internal environment
change the "disposition" of the agent toward the external environment.
"Disposition" of course is an awful psychological, very vague and ambiguous term.
I do not mean here goal activation, the orientation toward a given behaviour. I
prefer to call this latter aspect of emotion: "conative" or "motivational". Thus, let
me try to characterize the "disposition" saying that the internal state changes and
"tunes" all the information processing, and the cognitive and motivational
processing of the system.
For example, the thresholds of our perceptual apparatus or of our reactions are
modified; the rapidity of certain kind of processing (or of all the processes) is
improved; resources of processing are allocated on certain levels or tasks; attention
is oriented to certain area or stimuli; some perceptual or semantic aspects are
activated; some goals are more ready to be activated than other; they will be
activated with a different urgency or force; then also preferences will be different;
the same for possible alternative behaviour for the same purpose; the credibility of
certain sources or beliefs will change; memory is affected too; etc.
In other words: all the processing of perception, beliefs, and goals is affected by a
given internal state and its impact on the BDI architecture.
In other words: the response of the agent to the same external event or stimuli
-being equal its knowledge, its ability, its potential goals (desires/motives)- will be
different depending on its internal state (and the information it has about).
This is true not only for emotions but even for simpler states like hunger or the
sexual drive. It is well known that animals that react to a given sexual stimulus
with a fixed pattern of behaviour (reflex) do not react always and always with the
same probability, easiness, and intensity. It depends on the internal level of the
sexual drive. It is well known that we are more leaning to see (perceive or
misperceive) food or things associated with food (ex. food related words) when we
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are hungry, and that all our preferences, priorities, attention and memory processes,
etc. change. This is even more true for emotions in the strict sense.
Emotions also show some differences (if compared with hunger, etc.), of course:
the internal emotional status can be created just by external stimuli or by beliefs:
normally they are not internally/physiologically generated. Thus, in some sense we
react (at a cognitive level: the dispositional impact of the emotion) to a subcognitive reaction: we react to our reactions.
Thus, again: to stress the importance of emotion for autonomy, reactivity and
adaptation in a dynamic environment, or for dealing with multiple goals [42] is not
enough. What is specific and special in emotions as reactive control systems? why
shouldn’t other multi-task, reactive and situated mechanisms be enough? What is
the role of feeling, of “sensing” the internal environment and the automatic bodily
reactions in this reactive control and adjustment to the stressing external
environment?
I believe that computational models of emotions should answer precisely
this question, which they unavoidably elicit.
As I already said elsewhere [9] I believe that the main functions of the feeling
component in emotion, i.e. of the fact that the robot should sense those changes of
its internal state and of its behaviour (energy allocation, disturbance and distraction
from the task, fast movement of avoidance, etc.) are the following ones:
a) felt emotional internal states work as drives [41] [6] [5] to be satisfied, i.e. to be
brought back to the equilibrium (homeostasis) through action; Mower [38]
postulates that in learning the animal learns precisely what behavior serves to
alleviate the emotion associated to a given stimulus;
b) felt emotional internal states work as positive or negative internal
reinforcements for learning (they will be associated to the episode and change
the probability of the reproduction of the same behaviour); 7
c) last but not least, as we will see felt emotional internal states associated to and
aroused by a given scenario constitute its immediate, unreasoned, nondeclarative appraisal (to be distinguished from a cognitive evaluation - cf. 4.1).
The cognitive dominant paradigm cannot neglect any longer the necessity
for modelling subjective experiences and feelings. The relation with a body seems
to be crucial: beliefs, goals, and other mental (declarative) ingredients do not seem
to be enough. Nevertheless, beliefs, goals, expectations are necessary also for
modelling emotions, at least complex social emotions. Also a better and convincing
functionalist analysis of emotions (see also [19]) requires precisely to explain the
functional role of “feeling”: cognitive appraisal, modification of attention and of
cognitive processes, reactive changes of goal priorities, are not sufficient.
Let’s now examine a bit more carefully the two natural systems of valence and
how they are related to emotions and interaction.

5. The Dual Nature of Valence: Cognitive Evaluations versus
Intuitive Appraisal
Heart has its own reasons
which are unknown to Reason
Pascal
7 I assume, following a long tradition on emotional learning, that in general positive and
negative emotions are reinforcers; but notice that this does neither imply that we act in
order to feel the emotion, which is not necessarily motivating us (it can be expected without
being intended); nor that only pleasure and pain, or emotions, are rewarding (Staats, 1990).
See also Bozinovski, S. and Bozinovska, L. (1998) .
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There are at least two kinds of appreciation of valence of events,
situations and entities; two kinds of "evaluation" in a broad sense.
a) A declarative or explicit form of evaluation, that contains a judgement of a
means-end link, frequently supported by some reason for this judgement,
relative to some "quality" or standard satisfaction.
This is a reason-based evaluation that can be discussed, explained, argumented
upon. Also the goal of having/using the well-evaluated entity (which is the
declarative equivalent of "attraction") can be "justified". This is the classical
approach to values (moral or ethical) that is synthesised by the “motto” (of
Aristotelian spirit):
"it is pleasant/ we like it, because it is good/beautiful"
b) A non-rational (but adaptive) evaluation, not based on justifiable reasons; a
mere "appraisal", which is just based on associative learning and memory.
In my view, in the psychological literature on emotions, in particular in the very
important and rich literature on emotions as based on a cognitive appraisal of the
situation [25] [26] [1] [47], there is a systematic and dangerous confusion between
these two kinds of "evaluation" (also in Damasio). Incoherent terms and properties
are attributed indifferently to the term "appraisal" or "evaluation". This
fundamental forerunner and component of the emotion is characterised -at the
same time- as "cognitive", "intuitive", "immediate", "unconscious", implying also
inferences and predictions, etc. I propose [37] to distinguish between "appraisal" that should be the unconscious or automatic, implicit, an intuitive orientation
towards what is good an what is bad for the organism- and "evaluation". I reserve
this term for the cognitive judgements relative to what is good or bad for p (and
why).

5.1 Evaluations
Let me -very shortly - characterise what kind of mental object is an evaluation,
how it is reducible to its elementary components (beliefs and goals), how its works
(for a well argued and extended analysis of this see [37].
Our claims are that:
• an evaluation is a kind of belief concerning the power (hence the usefulness) a
given entity (be it an object, organism, agent, institution, etc.) or state of the
world is endowed with in relation to a certain goal; evaluations are closely
linked to goals: they are beliefs arising from goals, and that give rise to goals;
evaluations play a crucial role both in cognition (problem solving) and in
social interaction;
• a value is a special kind of evaluation; while an evaluation implies a meansend relationship (an entity or state of the world is assumed to be "good" or
"bad" for a goal p) a value is a "means" for an unspecified goal, or class of
goals, and turns into something "good" in itself; values show an even closer
relationship with goals, and in particular norms, by virtue of the absolute
character of this special kind of evaluations; values serve important functions,
both cognitive and social, which result from their being a borderline mental
object, between evaluations and goals: values' kinship with absolute
imperatives in fact favours the social function, while their cognitive functions
are made possible by their evaluative features.
Let’s put aside values and see a bit more precisely cognitive evaluations.
We define an evaluation of an entity x as a belief of an evaluating agent e about x's
usefulness with regard to a goal p. If for instance x is a pair of scissors and e
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believes -- from direct experience, inference, or someone else's communication -that it is good for cutting a piece of cloth, in so doing e is evaluating the scissors
with regard to that goal. We might represent an evaluation (more precisely a
‘positive’ evaluation) as follows:
(BEL e (GOOD-FOR x p))
where x denotes an entity variable (i.e., an object of any kind: physical object,
organism, agent, etc.), e is an agent variable and p is a well-formed formula
representing a state of the world; the predicate (GOOD-FOR x p) means that x is a
means for p, which is what e BELIEVE. GOOD-FOR has a very broad semantics:
it merely expresses that x (or q) is useful for making p true; x may either directly
realize p, or cause p to be realized, or favour that p be realized. As already
observed, GOOD-FOR expresses a very broad means-end relationship. Evaluations
are a special kind of beliefs, characterized by a strict relationship with action, by
virtue of their link with goals.
Evaluations imply goals by definition, in that the latter are a necessary component
of evaluations, namely, the second argument of the GOOD-FOR predicate. From a
more "substantialist" perspective, evaluations imply goals in the sense that they
originate from them: it is the existence of some goal p (either e's or someone else's)
that make the word good or bad, justifies and motivates both the search for a means
x to achieve it, and the belief that x is (not) GOOD-FOR p. Goals and evaluations
endow objects and people with ‘qualities’ and ‘faults’.
The relationship between evaluations and goals is even closer, because
evaluations not only imply goals, but also can generate them. In fact, if e believes x
is good for some goal, and e has that goal, e is also likely to want (possess, use) x.
So there is a rule of "goal generation" which might be expressed as follows: if e
believes something x to be a means for e's goal p, e comes to have the goal (USE e
x) of exploiting the means x.
Evaluations, that is knowledge about "what is good for what", and "why", play
a crucial role in all the cognitive activities which are based upon symbolic and
explicit representations, reasoning and deliberation. For example in problem
solving and decision making the particular advantage offered by evaluative
knowledge is precisely a preliminary relationship established between descriptive
knowledge and goals, in terms of beliefs about "what is good for what", derived
from either one's experience about problems solved in the past, or one's reasoning
and inferences (think for instance of evaluation by standard), or others'
communication. Evaluations make such a relationship explicit; they fill the gap
between knowledge and goals, by "reinterpreting" the properties, qualities, and
characteristics of objects and situations in terms of means for the system's
(potential or actual) goals. The cognitive network ceases to be neutral and becomes
"polarized" toward goals, that is ready for problem solving and decision making.
In a cognitive agent preferences can be internally represented both at the
procedural and at the declarative (propositional) level.
• Having a "procedural preference" means that, at a given level of their
processing, a system's goals present different degrees or indexes of activation,
priority, weight, value, importance (or whatever), that in fact create some rank
order among them, which will be followed by some choice/selection procedure.
• Having a "declarative preference" means that the system is endowed with
an explicit belief like: "x is better than y (for goal p)". In particular, three types of
beliefs are relevant for preferences: (a) simple evaluations, that is beliefs about
how good/useful/apt/powerful are certain entities relative to a given goal ("x is very
useful for p"; "y is quite insufficient for p"); (b) comparative evaluations like "x is
better than y for p"; (c) reflective preference statements, of the kind "I prefer x to y
(for p)". Generally, (b) are based on (a), and (c) are based on (b).
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Both procedural and declarative preferences can coexist in a human mind (and
would be of some use in artificial minds too), and each level of preference
representation, though having its own mechanisms of reasoning, is translatable into
the other. One can derive a "weight" from the declarative evaluations and their
arguments, and vice versa, one can explicitly express (as beliefs) some priority of
attractiveness, urgency, activation, or whatever.
However, being able to deliberate, that is, to choose an alternative on the
grounds of explicit evaluations concerning the "goodness" of the various options,
and being capable of reasoning aiming at supporting such judgements add further
advantages to the mere fact of making choices. In these cases, in fact, the system
can justify its choices, as well as modify the "values" at stake through reasoning.
Moreover, it is liable to persuasion, that is, it can modify its preferences on the
grounds of the evaluations conveyed by others.
We interact with people on the basis of the image and trust we have of them, i.e. on
the basis of our evaluations of them: this define their ‘value’ and reputation. And
also social hierarchies are just the resultant of the evaluations that the individuals
and the groups receive the one from the others.
Evaluations and Emotions
Given this "cold" view of evaluation (“cold” if compared it with others' - e.g.,
[34], what is the relationship between evaluation and emotion? As we claim in
[37]:
• Evaluations do not necessarily imply emotions
No doubt many evaluations show some emotional feature. For instance, if I believe
a certain food, book, person, and so on, to be "good", I will be likely to feel
attracted to it (or him or her). But evaluations and emotions are not necessarily
associated with each other, because not any belief about the goodness or badness of
something necessarily implies or induces an emotion or an attraction/rejection with
regard to that "something". There also exist "cold" evaluations: if, for instance, I
believe that John is a good typist, I will not necessarily feel attracted to him.
Evaluations are luckily to have emotional consequences if they:
i) are about our own goals (e, the evaluator, is = to x, the goal owner);
ii) these goals are currently active;
iii) they are important goals.
• Emotions do not necessarily imply evaluations
One may view attraction or rejection for some x as a (possible) consequence of an
evaluation; so, in this case the emotion "implies" an evaluation in the sense we
have just considered. On the other hand, however, one may view attraction or
rejection per se as forms of evaluation of the "attractive" or "repulsive" object. In
the latter case, we are dealing with a supposed identification: to say that an
emotion implies an evaluation means to claim that the two actually coincide, which
is still to be proved.
In fact, we view attraction and rejection as pre-cognitive implicit evaluation that
we call “appraisal” .

5.2 Appraisal
We assume that a positive or negative emotional response can be associated with
some stimulus. The automatic activation of this associated internal response (in
Damasio's terms, a "somatic marker"; [20]) is the "appraisal" of the stimulus
postulated by several theories of emotions [1] [25] [32] [51]. The associated
negative or positive emotion makes the situation bad or good, unpleasant or
pleasant, and we dislike or we like it.
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“Appraisal “consists of an automatic association (conscious or unconscious)
of an internal affective response/state either pleasant or unpleasant, either
attractive or repulsive, etc., to the appraised stimulus or representation.

It does not consists in a judgement of appropriateness or capability - possibly
supported by additional justifications- ; on the contrary, it just consists in a
subjective positive or negative experience/feeling associated to the stimulus or to
the mental representation, usually previously conditioned to it in similar
circumstances, and now retrieved.
This gives us a completely different “philosophy” of valence and value: now the
“motto” is the other way around -in Spinoza’s spirit“It is good/beautiful what we like/what is pleasant”
As a cognitive evaluation of x is likely to give rise to some goal (if the evaluator e
believes something x to be a means for e's goal p, e comes to have the goal q, of
acquiring and using the means x - see [37]), also the emotional appraisal of x gives
rise to a goal: it activates a very general goal linked to the emotional reaction. This
is the conative aspect of emotional appraisal. Positive appraisal activates an
"approach goal" ("to be close to x; to have x"), while negative appraisal activates a
generic avoidance goal ("not to be close to x; to avoid x").
We consider these sub-symbolic, implicit forms of "evaluation" as evolutionary
forerunners of cognitive evaluations. Thus we believe the answer to the question
“do emotions imply evaluations” depends on the level of analysis addressed.
It seems to me that there are several partially independent scientific traditions that
can now contribute to give us an operational and clear model of what appraisal is
and how account for its primary, intuitive, reactive, automatic, etc. character and
its link with ‘feeling’. We do not claim that such a model already exists, but simply
that it can be guessed, because those approaches provides converging evidences
and converging models about mechanisms strongly candidates to implement the
psychological notion of appraisal as distinguished both
- from generic primary stages of information processing of the stimulus 8, and
- from high level declarative cognitive evaluations.
I refer to studies from some pavlovian and behaviourist tradition (ex. [52]), studies
about the affective primary automatic response (ex. [3]), and Damasio’s theory of
“somatic markers”. I cannot discuss this literature here.
Elements for a Model of Appraisal
It seems to me that those approaches characterise process that partially overlap and
partially can coexist, and that they can provide a quite clear idea of how to define
Appraisal as clearly distinct from cognitive evaluations.
Main feature of such a model should be the following ones.
1. Appraisal is an associated, conditioned somatic response which has a central
component and involves pleasure/displeasure, attraction/repulsion. Where
8 Consider for example the pattern matching process and the recognition of a key-stimulus
or releaser in animal. For example the recognition of the right configuration of spots on
seagull beack elicits the pecking behaviour in the offspring. We do not consider this
information processing as such as an ‘appraisal’ or an ‘evaluation’ of the stimulus. Per se it
does not imply any ‘valence’ any effective reaction or any judgement of goodness. The
stimulus is not positive or negative, till we consider only its recognition as a pattern
matching, and its unconditioned behavioural response. If we suppose that it elicits also some
‘emotional’ or ‘pleasure’ or ‘attractive’ response (which does not simply coincide with the
behaviour) associated to it, in this case this is the appraisal response, and there is an
appraisal of the stimulus, which gives it a subjective ‘valence’.
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attraction/repulsion is not a motor behavior but just the preliminary, central and
preparatory part of a motor response. And pleasure/displeasure is simply the
activation of neural centres.
2. This associated response can be merely central, because also the somaticemotional component can be reduce to its central trace (Damasio’s somatic
markers) and because emotions have a central response component which is
fundamental [35] [52]. But of course this response can be also more complete
involving overt motor or mussel responses or somatic emotional reactions.
3. This associate response is automatic, and frequently unconscious.
•
•
•

Appraisal is a way of ‘feeling’ something, thanks to its somatic (although
central) nature.
Appraisal gives ‘valence’ to the stimulus because makes it attractive or
repulsive, good or bad, pleasant or disagreeable.
Appraisal has ‘intensionality’ i.e. the association/activation makes what we
feel “about” the stimulus, makes it nice or bad, fearful or attractive. It gives
the stimulus that character that Wertheimer called ‘physiognomic’. (How this
happens, how the associated responses is ‘ascribed to’, ‘attributed to’, and
‘characterises and colours’ the stimulus; how it does not remain concurrent but
dissociated is not clear -at least to me- and probably just the effect of a neural
mechanism).

4. When it is a response just to the stimulus it is very fast, primary. It anticipates
high level processing of the stimulus (like meaning retrieval) and even its
recognition (it can be subliminal). In this sense the old Zajonc slogan ‘preferences
need no inferences’ prove to be right (although not exclusive: there are preferences
which are based on reasoning and inferences; and also emotions based on this).
5. There can be an analogous associative, conditioned, automatic response to high
level representations: to beliefs, to hypothetical scenarios and decisions (like in
Damasio 9 ), to mental images, to goals, etc.
We have to change our usual view of cognitive ‘layers’, where association and
conditioning are only relative to stimuli and behaviours, not to cognitive mental
representations.
•

Any emotion as a response implies an appraisal in the abovementioned
sense.

It implies the elicitation of a central affective response involving
pleasure/displeasure, attraction/repulsion, and central somatic markers if not
peripheral reactions and sensations. This is what gives emotions their ‘felt’
character. (While, not all emotions presuppose or imply a cognitive evaluation of
the circumstances).

5.3 Relationships between Appraisal and Evaluation
Evaluation and emotional appraisal have much in common: their function (Miceli
and Castelfranchi, in press). Evaluations favor the acquisition of adequate means
for one's goals, and the avoidance of useless or dangerous means, and precisely the
same function can be attributed to emotions.
9 Although he seems not completely aware of this important feature of his theory, which
makes it different from traditional conditioning theories.
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More than that: emotions -- though they have traditionally been attributed the
negative role of clouding and altering rational thought -- seem to help at least some
kind of reasoning. In fact, they provide "nonconscious biases" that support
processes of cognitive evaluation and reasoning [2], enabling for instance to
choose an advantageous alternative before being able to explicitly evaluate it as
advantageous 10.
However, all this should not prevent one from acknowledging the differences
between emotional appraisal and cognitive evaluation, addressing the latter in their
own right, and trying to establish their specific functions (Miceli and Castelfranchi,
in preparation). For instance, in some context emotional appraisal by itself might
prove insufficient for assuring adaptive responses, in that, the more changeable and
complex the world becomes (because of the increasing number of goals and
situations to deal with, and the complex relations among such goals and contexts),
the more one is in need of analytical and flexible judgements about objects and
events, rather than (or in addition to) more global and automatic reactions. In fact,
evaluations allow to make subtle distinctions between similar (but not identical)
goals and means, and to find out the right means for some new goal, never pursued
in the past.
Moreover, evaluations allow to reason about means and goals, and to construct and
transmit theories for explaining or predicting the outcome of behaviour.
Therefore, though emotional appraisal can be conceived of as an evolutionary
forerunner of cognitive evaluation (as well as a valuable "support" for it), being an
evolutionary "heir" does not imply maintaining the same nature as the forerunner;
on the contrary, one might suppose that the same function has favored the
development of different means, at different levels of complexity.
It is also important to consider that evaluation and appraisal about the same
entity/event can co-occur, and give rise to convergence and enhancement of the
valence, or to conflicts; in fact, either
- the means that we are rationally considering for our ends are associated to
previous or imagined positive experiences); or
- what I believe to be the right thing to do frightens me; what I believe to be
wrong to do attracts me.
(On this Damasio’s model of the role of the somatic markers in decision making
seems rather simplistic).
Evaluation and appraisal can also derive one from the other.
It is possible to verbalise, to translate a merely affective reaction towards B into a
declarative appreciation. This is for example what happens to the subjects in the
experiment by Bargh [3]. They do not realise that their evaluation is just a post hoc
rationalisation of some arbitrary association they are not aware of.

10 A number of studies conducted by Damasio and his collaborators (e.g. Bechara,
Damasio, Damasio, and Anderson 1994) have pointed to the crucial role of emotion in
cognitive evaluation and decision making. Their patients with lesions of the ventromedial
prefrontal cortex show emotional blunting as well as difficulties in making decisions,
especially in real-life contexts. If compared with normal subjects, they do not show stress
reactions (as measured, for instance, by skin conductance response) when trying to make
choices in uncertain and risky contexts (e.g. a gambling task). The interesting fact is that
such emotional reactions, displayed by the normal subjects especially before making a
wrong choice (i.e. a kind of choice previously associated with some punishment), help them
to avoid it, and to opt for a less risky alternative. Such a choice is made before reasoning
over the pertinent beliefs, including cognitive evaluations about the game, its options, and
the possible strategies of decision making.
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Also the opposite path - from a cold evaluation to a hot appraisal - is possible;
especially -as we saw- for personal, active, important goals, and in particular for
felt kinds of goals like needs, desires, etc. [9].
This possible translation from one form to the other is very important also because
it helps to explain a very well known vicious and irrational circle of our emotional
life [24]. I mean the fact that we feel our emotional activation, what we feel
towards B, as a possible evidence, confirmation of our beliefs that gave rise to that
emotion itself. So for example we start with a belief that B can be dangerous, we
predict possible harm, on such a basis we feel some fear, and then this fear (as an
appraisal of B) ‘feedbacks’ on the beliefs and increases their certainty, i.e.
confirms them; something like: “Since I’m afraid, I was right! it is dangerous”
(which is not such a rational evidence; it is a case of self-fulfilling prophecy and of
“motivated reasoning” [31]):
Aristole's arrow

Belief
(evaluation)

Emotion
(appraisal)
Spinoza's arrow

6. What Aspects of Emotion Are Pertinent in Interaction?
Cognitive Ingredients? Feeling? Evaluation? Appraisal?
The need of giving more weight to emotional and personality aspects, in
agents' behaviour modeling, is emerging as a new and promising research objective
[30] [40]. A 'believable' behaviour would be shown by an agent which avoids
answering to questions to which it is not able or willing to answer, is able to react
to unexpected questions or attitudes of other agents, and assigns weights to its
goals and beliefs according also to its emotional status [45]. Emotional and
personality aspects of the mental state play a particularly relevant role in conflicts
among agents: 'impatient, aggressive, polite, persistent, rude....' people show
radically different ways of managing conflicts with others [11]. In general, emotion
will play an important role in HC, in H-Agent and probably also in Agent-Agent
interaction [40]. However, I will discuss on this topic only:
•

the role of cognitive emotional stuff (manly: evaluations);

•

the role of the feeling component;

•

the role of affective/appraisal reactions in interaction, compared with the role
of true cognitive evaluations.

6.1 Are the Cognitive Aspects of Emotion Useful in Interaction?
Is there any advantage or necessity of cognitively complex emotions in HCI? I
believe that in several cases a cognitive content of emotions will be useful and
even necessary.
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Let’s consider for example the recognition of the other’s emotions.
Emotional Communication: The “Meaning” of Faces
There is an implicit and reactive “meaning” or better functional social effect of the
expression of emotions; but there is also some “symbolic” meaning, something
that the emotion is communicating to us and that we explicitly know and
understand.
When A recognise B’s emotion this is in fact in order to have an “appropriate”
reaction to /interaction with B, either immediately (during the emotional episode)
or in the future: A learns about B through her/its emotional expression. But what is
an “appropriate” reaction? To what it is “appropriate”? Or: what does A learn
about B?
When A recognises an emotion he is not just recognising its bodily or behavioural
signs. The recognition of an emotion is somewhat similar to the “recognition” of an
intention or a plan from an observed action: it should precisely entail the
attribution to B of an internal state of mind or subjective experience.
What A learns about B is mainly about her mind (her goals, concerns, beliefs,
feeling and personality); and it is to B’s mental content that A’s reaction should be
“appropriate”.
If A recognises that B is ashamed and blushing (in a given situation) but he/it does
not understand “why”, i.e. what B is worrying about:
- whose negative judgement B is caring;
- what she/it considers a poor performance or a defect;
- why she/it believes that the other noticed or discovered this;
- what norm, value or expectations she/it believes to have violated; and so on;
A is not really able to efficaciously interact with B on that emotional episode. He/it
cannot for example say appropriately:
“there is nothing wrong in doing/being.......”, or “nobody will know about ....”;
“why do you worry so much about y’s opinion...”; “You should not be ashamed of
...; there is nothing bad in this; you should be proud of...”
A cannot take the appropriate decision for the future, for instance, avoiding to
expose B to some situation or information that could be embarrassing for her.
This applies both to the recognition of the user’s emotions, and to the recognition
of the machine’s (or believable agent’s) emotion. In case of a machine’s expression
of emotion it will not be able to appropriately interact about this, because it will not
be able for example to explain what and why it is blushing; what it believes (for
example that some other agent saw it doing something, or that somebody can
infer/find out that something is bad, and that it is responsible for that).
The same applies in emotion production. If the machine/agent must simply produce
funny faces and expressions, a non-cognitive emotion is enough; but if it must be
able to interact about this, in dialogue for example, there will be the above
problem.
•

For an advanced emotional interaction the artificial entities should have an
analytical/complex representation of the presupposed mental state (beliefs,
goals).

It is important to stress that not necessarily they must have this mental content to
show the emotion. Knowledge about and the capability to “reason” about this
mental stuff seem enough: like an alien observing and studying people on the earth
and simulating emotions (and discussing about them).
However, if A has to simulate having a given goal, given beliefs, a given value or
norm, etc. in order to efficaciously simulating of having a certain emotion, perhaps
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it would be simpler to really build some sort of BDI mind in order to express
emotions. 11
6.2 Emotion as Feeling: Do We Need This for Interaction?
What is the use of felt emotions for interaction? While with simulated emotions
you can have the interactive phenomenon of contagion (if I’m embarrassed you are
embarrassed, if I’m bored or sorrowful you are bored, etc.) you cannot have real
“empathy” and identification. A can neither “imagine” nor feel what B is feeling.
In empathy A and B should both feel something and A’s feelings are the contagion
of or the identification with B’s feelings.
If we believe that empathy (not simply simulated empathy) is useful in affective
computing, we need agents or machines able to feel something.
I personally do not see cases where simulation of feelings is not enough for HC
interaction. It seems to me that even conversation about what I/we feel can be
based on simulated feelings, and as for the reactive component of the empathic
reaction, this can be produced without the internal feeling. But, I might be wrong,
and it might be different with robots and artificial creatures.
6.3 Intuitive Appraisal in Interaction versus Cognitive Evaluations
What the difference and the use in interaction between an intuitive, reactive
appraisal of the valence of a given event or agent, and an explicit reason-based
evaluation of it?
For sure affective computing requires the ability of having, showing and
recognising reaction of attraction/ rejection, of liking/disliking; at an immediate,
automatic, and non analytical and unaware level. This cannot be replaced by a
more explicit and conceptual evaluation of an event, object or agent relative to
some clear goal.
To say “I do not believe that you are good for...”, or “I do not trust your
ability/competence in...”, is very different from showing feelings of distrust, or
antipathy; and its is also different from saying “he is disagreable”, or “I do not trust
him, but I don’t know why” (which is a way of verbalising a mere intuitive
appraisal).
Both the artificial entity and the user must be allowed to feel attraction or
repulsion, or to feel trust or distrust without being able to understand or to explain
precisely why - simply as a form of conditioning or association- and to express this
in a verbal or non-verbal way.
However, also in this case is not clear if for interaction is necessary that also the
machine feels this appraisal, or its simulation is enough.
On the other hand, for sure in other circumstances it is also necessary that the
machine is able to make explicit its evaluation of something relative to a given
goal and to given qualities; and that it is able to understand the direct (“this is
good/useful/OK/...”) or the indirect (“this is intelligent/ fast/ economic/ dangerous
...”) evaluations by the user.
When Picard [44] claims that an affective computer could understand what its
owner likes or dislikes and could adapt to the user’s needs, she mixes up -for both
the computer and the user- appraisal with evaluation: on the one side, we should
distinguish between an explicit “understanding” of the user preferences and needs,
and an affective conditioned reaction; on the other side, the user “preferences”
11 Also because perhaps it is true that -at least among humans- in order to be fully
believable emotions must be rather spontaneous, involuntary, non simulated and controlled
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might be either true evaluations and explicit preferences, or mere affective
reactions.
Both systems for dealing with valence are necessary, and both are related to
emotional reaction and interaction: as we saw an evaluation can start an appraisal
or a complex emotional reaction like shame or guilt or pride or fear. In particular, I
believe that for several reasons we have to pass from merely implicit and affective
forms of trust in the machine and in the information system, to more explicit forms
of trust and delegation based on true evaluations: this will be particularly important
with our personal assistants, with mediator agents on the net, with our human or
electronic partners in EC, and so on.
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APPENDIX - Emotion and Personality
We call personality trait [7] any internal state or processing mechanism of the
agent that:
• differentiates it from other agents with which it is interacting or is compared;
• is relatively stable (either built in or inborn or learned, but now quite
permanent) and cannot be just adopted or learned from outside on line;
• is mental;
• has to do with motivations, with the way of choosing, of reasoning, of
planning and so on.
We agree with Carbonell that personalities are mainly goal based: some of them
directly consist in the presence of a typical motivation or in a special importance of
a given goal (ex. sadist, glutton); others can be considered as implicit goals or
preferences. However, other personalities are rather based on "cognitive styles":
ways of reasoning, attending, memorising, etc.
Personality Traits and Attitudes
That personality traits are stable does not mean that they are continuously relevant
or active: if x is a glutton, when he is working this can be irrelevant. Some
personality traits are conditional on a given circumstance: they are just temporary
attitudes. An attitude is characterized by tests/conditions specifying the
circumstance for its activation. An agent can assume an attitude or another
(relatively to the same problem) depending on circumstances or partners.
Therefore, we distinguish between traits and attitudes: both are constituents of
personalities. An agent can change or decide about its attitude towards a given
event, request, or agent, while it cannot change or decide about its personality
traits: these are not subject to contextual changes or decisions.
In short: a personality is a coherent, believable, stable, and typical cluster of traits
and attitudes that are reflected in the agent's behaviour. According to this
definition, agents with different personalities must show different behaviours in
similar circumstances; personalities should be coherent, by not producing
contradictory behaviours in the same circumstances, and should produce
"believable" behaviours. By doing this, they too are "believable".
Personality and Emotions
Emotional states are among those internal states that shape an agent's cognitive
process and reaction; they can also characterise the agent. Emotion-based
personalities can be defined, like shameful, fearful, pitiful and so on: these
personalities are characterised by the agent's propensity for a given emotional
reaction. However, emotions and personalities should not be mixed up with one the
other, like it risks to happen in the "believable agent" domain. This is due to the
fact that, in that domain, personalities are introduced just for the sake of
"believability", and believability for sure requires emotional reactions [23] [30]
[33] [44].
In our view:
•

emotions do not necessarily imply personalities, since there might be
emotional behaviours that are shared by the whole population of agents and
do not characterise particular agents or individuals;

•

personalities are not necessarily related to emotions: they might be just based
on
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cognitive properties or styles (like a "fantasyful" agent, or a "fanatic"
(commitment) agent, or an agent with an external attribution strategy
and so on,
•
preferences and goals,
•
interactive strategies (ex. Tit-for-Tat agents; or cheaters, etc.).
Of course, it is true that these cognitive styles, and in particular preferences and
goals, can make a given type of agent (or individual) exceptionally liable to some
emotions. However, these emotions are not the basis for constructing and
characterising that agent, though being useful to recognise it. In addition, emotions
are not necessary: agents might be free from emotions while having personalities
[11].

$Q(PRWLRQ%DVHG³&RQVFLRXV´6RIWZDUH$JHQW
$UFKLWHFWXUH
/HH0F&DXOH\6WDQ)UDQNOLQDQG0\OHV%RJQHU
,QVWLWXWHIRU,QWHOOLJHQW6\VWHPVDQG'HSDUWPHQWRI0DWKHPDWLFDO6FLHQFHV
7KH8QLYHUVLW\RI0HPSKLV

$EVWUDFW (YLGHQFH RI WKH UROH RI HPRWLRQV LQ WKH DFWLRQ VHOHFWLRQ
SURFHVVHVRI HQYLURQPHQWDOO\ VLWXDWHG DJHQWV FRQWLQXHV WR PRXQW 7KLV
LVQROHVVWUXHIRUDXWRQRPRXVVRIWZDUHDJHQWV+HUHZHDUHFRQFHUQHG
ZLWK VXFK VRIWZDUH DJHQWV WKDW PRGHO D SV\FKRORJLFDO WKHRU\ RI
FRQVFLRXVQHVV JOREDO ZRUNVSDFH WKHRU\ :H EULHIO\ GHVFULEH WKH
DUFKLWHFWXUH RI WZR VXFK DJHQWV &0DWWLH DQG ,'$ DQG WKH UROH
HPRWLRQV SOD\ LQ HDFK %RWK DJHQWV FRPPXQLFDWH ZLWK KXPDQV LQ
QDWXUDOODQJXDJHWKHILUVWDERXWVHPLQDUVDQGWKHOLNHWKHVHFRQGDERXW
MRE SRVVLELOLWLHV ,'$ PXVW DOVR GHOLEHUDWH RQ YDULRXV VFHQDULRV DQG
QHJRWLDWH ZLWK KXPDQV ,Q &0DWWLH HPRWLRQV RFFXU LQ UHVSRQVH WR
LQFRPLQJ VWLPXOL IURP WKH HQYLURQPHQW DQG DIIHFW EHKDYLRU LQGLUHFWO\
E\ VWUHQJWKHQLQJ RU ZHDNHQLQJ GULYHV ,Q ,'$ WKH HPRWLRQV DUH
LQWHJUDWHG ZLWK WKH ³FRQVFLRXVQHVV´ PHFKDQLVP DQG ELGLUHFWLRQDOO\
FRQQHFWHG ZLWK DOO WKH PDMRU SDUWV RI WKH DUFKLWHFWXUH 7KXV HPRWLRQV
ZLOO DIIHFW DQG EH DIIHFWHG E\ HVVHQWLDOO\ DOO RI WKH DJHQW¶V GLVSDUDWH
FRJQLWLYH SURFHVVHV 7KH\ ZLOO WKXV SOD\ D UROH LQ HVVHQWLDOO\ DOO
FRJQLWLYH DFWLYLW\ LQFOXGLQJ SHUFHSWLRQ PHPRU\ ³FRQVFLRXVQHVV´
DFWLRQ VHOHFWLRQ OHDUQLQJ DQG PHWDFRJQLWLRQ 7KHVH HPRWLRQDO
FRQQHFWLRQV ZLOO SURYLGH D FRPPRQ FXUUHQF\ DPRQJ WKH VHYHUDO
PRGXOHVRIWKHDJHQWDUFKLWHFWXUH7KHVHFRQQHFWLRQVZLOODOVRDOORZIRU
WKHOHDUQLQJRIFRPSOH[HPRWLRQV7KHHPRWLRQVVHUYHWRWHOOWKHDJHQW
KRZZHOOLW¶VGRLQJ



,QWURGXFWLRQ

(YLGHQFH FRQWLQXHV WR PRXQW IRU WKH UROH RI HPRWLRQV LQ HQYLURQPHQWDOO\ VLWXDWHG
KXPDQDJHQWV>@7KHYHUGLFWLVVWLOORXWRQH[DFWO\KRZWKHHPRWLRQVDIIHFW
FRJQLWLRQ LQ KXPDQV EXW WKHUH GRHV VHHP WR EH JHQHUDO DJUHHPHQW WKDW WKH\ SOD\ D
PRUHLPSRUWDQWUROHWKDQSUHYLRXVO\EHOLHYHG&0DWWLHDQG,'$DUHHQYLURQPHQWDOO\
VLWXDWHG VRIWZDUH DJHQWV WKDW ZLOO XWLOL]H HPRWLRQDO PHFKDQLVPV WR KHOS GLUHFW


6XSSRUWHGLQSDUWE\215JUDQW1

:LWKHVVHQWLDOFRQWULEXWLRQVIURPWKH&RQVFLRXV6RIWZDUH5HVHDUFK*URXS
$03DLYD (G $IIHFWLYH,QWHUDFWLRQV/1$,SS
©6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ

/HH0F&DXOH\HWDO

DWWHQWLRQ OHDUQ IURP VLWXDWLRQV WKDW JHQHUDWH ³JRRG´ RU ³EDG´ HPRWLRQDO VWDWHV DQG
PDNH HYDOXDWLRQV RI H[WHUQDO VWLPXOL DQG LQWHUQDO VWDWHV ,QFOXGLQJ HPRWLRQDO
FDSDELOLWLHV LQ QRQELRORJLFDO DXWRQRPRXV DJHQWV LV QRW D QHZ LGHD >  @
+RZHYHUDVPRUHLQIRUPDWLRQLVOHDUQHGUHJDUGLQJWKHIXQFWLRQVDQGDUFKLWHFWXUHRI
HPRWLRQV LQ KXPDQV ZH PXVW FRQVWDQWO\ UHHYDOXDWH RXU PRGHOV LQ OLJKW RI WKHVH
HPHUJLQJ LGHDV  2QH VXFK LGHD LV WKH QRWLRQ WKDW HPRWLRQV DUH FORVHO\ OLQNHG WR
DOPRVWDOODVSHFWVRIFRJQLWLRQDQGWKDWWKH\ PD\SURYLGHWKHLQLWLDOEXLOGLQJEORFNV
IRUFRQVFLRXVWKRXJKWLQLQIDQWV>@
3DUWLDOO\ PRWLYDWHG E\ UHFHQW GLVFRYHULHV RI WKH UROH HPRWLRQV SOD\ LQ KXPDQ
FRJQLWLRQ ZH DUH UHHYDOXDWLQJ WKHLU UROH LQ WKH FRJQLWLYH SURFHVVHV RI RXU WZR
VRIWZDUH DJHQWV &0DWWLH DQG ,'$ ,Q &0DWWLH HPRWLRQV DIIHFW DFWLRQ VHOHFWLRQ E\
VWUHQJWKHQLQJ RU ZHDNHQLQJ KHU SULPDU\ PRWLYDWRUV KHU GULYHV 7KH\ GRQ¶W GLUHFWO\
DIIHFW SHUFHSWLRQ EHKDYLRUV WKH SURFHVV RI PHPRU\ RU PHWDFRJQLWLRQ :KDW¶V QRZ
NQRZQDERXWWKHUROHRIHPRWLRQVLQKXPDQFRJQLWLRQVXJJHVWVWKDWWKH\VKRXOG$OVR
WKRXJKHPRWLRQVDIIHFW&0DWWLH¶VDFWLRQVWKRVHDFWLRQVGRQ¶WDIIHFWKHUHPRWLRQV1RW
VRZLWKKXPDQV:LWKWKHVHLVVXHVLQPLQGZHLQWHQGWRVLJQLILFDQWO\EURDGHQWKHUROH
RIHPRWLRQVLQRXUPRUHFRPSOH[DJHQW,'$:HDOVRLQWHQGWRVHHWKDWWKDWUROHLV
ELGLUHFWLRQDOVRWKDWHDFKRI ,'$¶V FRJQLWLYH PRGXOHV DOVR DIIHFWV KHU HPRWLRQV ,Q
WKLV SDSHU ZH ZLOO GHVFULEH WKH KLJK OHYHO GHVLJQ IRU WKLV UHHYDOXDWLRQ DQG UH
LPSOHPHQWDWLRQRIWKHUROHRIHPRWLRQVLQ³FRQVFLRXV´VRIWZDUHDJHQWV



&0DWWLH

³&RQVFLRXV´0DWWLH &0DWWLH >@LVWKHQH[WLQFDUQDWLRQRI9LUWXDO0DWWLH 90DWWLH 
DQ LQWHOOLJHQW FOHULFDO DJHQW >  @ &0DWWLH¶V WDVN LV WR SUHSDUH DQG GLVWULEXWH
DQQRXQFHPHQWV IRU ZHHNO\ VHPLQDUV WKDW RFFXU WKURXJKRXW D VHPHVWHU LQ WKH
0DWKHPDWLFDO6FLHQFHV'HSDUWPHQWDWWKH8QLYHUVLW\RI0HPSKLV6KHFRPPXQLFDWHV
ZLWKVHPLQDURUJDQL]HUVDQGDQQRXQFHPHQWUHFLSLHQWV YLDHPDLOLQQDWXUDOODQJXDJH
DQGPDLQWDLQVDOLVWRIHPDLODGGUHVVHVIRUHDFK&0DWWLHLVFRPSOHWHO\DXWRQRPRXV
DFWLYHO\UHTXHVWLQJLQIRUPDWLRQWKDWKDVQRWEHHQIRUWKFRPLQJDQGGHFLGLQJZKHQWR
VHQG DQQRXQFHPHQWV UHPLQGHUV DQG DFNQRZOHGJHPHQWV ZLWKRXW H[WHUQDO
LQWHUYHQWLRQ1RIRUPDWKDVEHHQSUHVFULEHGIRUDQ\W\SHRIHPDLOPHVVDJHVHQWWRKHU
&0DWWLH LPSOHPHQWV D YHUVLRQ RI +HEELDQ W\SH WHPSRUDO SUR[LPLW\  OHDUQLQJ DQG
LQFOXGHV PRGXOHV IRU SHUFHSWLRQ QDWXUDO ODQJXDJH XQGHUVWDQGLQJ  DFWLRQ VHOHFWLRQ
PHWDFRJQLWLRQ DVVRFLDWLYH PHPRU\ ³FRQVFLRXVQHVV´ DQG HPRWLRQV  8QIRUWXQDWHO\
KHUGRPDLQ VHPLQDUDQQRXQFHPHQWV ZLWKUHVSHFWWRWKHHPRWLRQFRPSRQHQWPD\QRW
EHULFKHQRXJKWRUHTXLUHWKHHPHUJHQFHRIFRPSOH[HPRWLRQV
&0DWWLHLVGHVLJQHGWRPRGHOWKHJOREDOZRUNVSDFHWKHRU\RIFRQVFLRXVQHVV>@
%DDUV¶ SURFHVVHV FRUUHVSRQG WR ZKDW ZH FDOO FRGHOHWV D QDPH ERUURZHG IURP
+RIVWDGWHU DQG 0LWFKHOO¶V &RS\FDW V\VWHP >@  $ FRGHOHW LV D VPDOO SLHFH RI FRGH
FDSDEOH RI SHUIRUPLQJ VRPH VSHFLILF DFWLRQ XQGHU DSSURSULDWH FRQGLWLRQV 0DQ\
FRGHOHWV FDQ EH WKRXJKW RI DV DXWRQRPRXV DJHQWV PDNLQJ &0DWWLH D PXOWLDJHQW
V\VWHPLQWKHVHQVHRI0LQVN\¶V6RFLHW\RI0LQGV>@$OPRVWDOODFWLRQVDUHWDNHQDW
WKHFRGHOHWOHYHO+HUDFWLRQVHOHFWLRQPHFKDQLVPFKRRVHVWKHQH[WEHKDYLRUZKLFKLV
WKHQLPSOHPHQWHGE\ORZHUOHYHOFRGHOHWV7KHVHKLJKHUOHYHOEHKDYLRUVFRUUHVSRQGWR

$Q(PRWLRQ%DVHG³&RQVFLRXV´6RIWZDUH$JHQW$UFKLWHFWXUH

JRDOFRQWH[WVLQJOREDOZRUNVSDFHWKHRU\(PRWLRQFRGHOHWVLQIOXHQFHQRWRQO\RWKHU
FRGHOHWVEXWDOVRLQGLUHFWO\LQIOXHQFHEHKDYLRUVWKURXJKGULYHV
&0DWWLH DOVR KDV DQ DVVRFLDWLYH PHPRU\ EDVHG RQ D VSDUVH GLVWULEXWHG PHPRU\
>@ $ QHZ SHUFHSW KHU XQGHUVWDQGLQJ RI DQ LQFRPLQJ HPDLO PHVVDJH DVVRFLDWHV
ZLWKSDVWH[SHULHQFHVLQFOXGLQJDFWLRQVDQGHPRWLRQV7KHVHUHPHPEHUHGHPRWLRQV
DQGWKHSHUFHSWLWVHOIDFWLYDWHHPRWLRQFRGHOHWVWKDWLQWXUQLQIOXHQFHFXUUHQWDFWLRQ
VHOHFWLRQ7KXV &0DWWLH ZLOOSURGXFH DFWLRQV DW OHDVW SDUWLDOO\ EDVHG RQ HPRWLRQDO
FRQWHQWDQGDSSURSULDWHIRUWKHDFWLYHJRDOFRQWH[W

)LJXUH$QRYHUYLHZRI&0DWWLH¶VDUFKLWHFWXUH



(PRWLRQVLQ&0DWWLH

,Q KXPDQV HPRWLRQV VHHP WR SOD\ WKH UROH RI WKH HYDOXDWLRQ QHWZRUN $V ZHOO DV
DIIHFWLQJ RXU FKRLFH RI DFWLRQV WKH\ HYDOXDWH WKH UHVXOWV RI WKHVH DFWLRQV VR WKDW ZH
PD\OHDUQ>@(PRWLRQVLQDQDJHQWDUFKLWHFWXUHVKRXOGVHUYH WKLV VDPHHYDOXDWLYH
SXUSRVH ,Q &0DWWLH >@ HPRWLRQ FRGHOHWV XSGDWH WKH JDLQ YDOXH ZKLFK LV XVHG WR
YDU\ OHDUQLQJ UDWHV DQG YDOHQFH DQG VHQG DFWLYDWLRQ WR WKH GULYHV ZKLFK HIIHFWV WKH
EHKDYLRUV WKDW WKH V\VWHP SHUIRUPV  7KH JDLQ LQ &0DWWLH DQG ,'$ LV QRW D VLQJOH
YDOXH LQVWHDG LW LV D YHFWRU RI IRXU UHDO QXPEHUV WKDW PHDVXUH DQJHU VDGQHVV
KDSSLQHVVDQGIHDU:HPD\ODWHUDGGGLVJXVWDQGVXUSULVH>@DOWKRXJKIRURXU
FXUUHQW SXUSRVHV WKH FXUUHQW IRXU VHHP WR VXIILFH  &0DWWLH¶V GRPDLQ LV QDUURZ

/HH0F&DXOH\HWDO

HQRXJKVRWKDWVXUSULVHDQGGLVJXVWZRXOGQRWEHRIJUHDWEHQHILW7KLVPD\QRWEHWKH
FDVHIRU,'$ZKRPD\ZHOOQHHGWKHPDGGHGWRKHUUHSHUWRLUH
7KHDJHQW¶VRYHUDOOHPRWLRQDOVWDWHDWDQ\RQHWLPHLVWKHUHVXOWRIDFRPELQDWLRQRI
WKHIRXU RUVL[ HPRWLRQV$SDUWLFXODUHPRWLRQPD\KDYHDQH[WUHPHO\KLJKYDOXHDV
FRPSDUHG WR WKH RWKHU HPRWLRQV DQG FRQVHTXHQWO\ GRPLQDWH WKH DJHQW¶V HPRWLRQDO
VWDWH)RUH[DPSOHLIDWUDLQKDVEORFNHGWKHURXWHWR\RXUIDYRULWHUHVWDXUDQWDQG\RX
DUH KXQJU\ DQG LQ D KXUU\ \RXU HPRWLRQDO VWDWH PD\ EH GRPLQDWHG E\ DQJHU HYHQ
WKRXJKPDQ\RWKHUPRUHVXEWOHHPRWLRQVPD\EHDFWLYHDWWKHWLPH7KHVDPHW\SHRI
WKLQJFDQRFFXULQ&0DWWLHDQG,'$,QVXFKDFDVHWKHDJHQWFDQEHVDLGWREHDQJU\
'RQRWHWKDWWKHDJHQWZLOODOZD\VKDYHVRPHHPRWLRQDOVWDWHZKHWKHULWLVDQHDVLO\
GHILQDEOH RQH VXFK DV DQJHU RU D OHVV GHILQDEOH DJJUHJDWLRQ RI HPRWLRQV  1R
FRPELQDWLRQ RI HPRWLRQV DUH SUHSURJUDPPHG WKHUHIRUH DQ\ UHFRJQL]DEOH FRPSOH[
HPRWLRQVWKDWRFFXUZLOOEHHPHUJHQW
+RZH[DFWO\GRHV&0DWWLHGHWHUPLQHHPRWLRQDOOHYHOV"7KHYDOXHRIDQLQGLYLGXDO
HOHPHQW HPRWLRQ  LQ WKH JDLQ FDQ EH PRGLILHG ZKHQ DQ HPRWLRQ FRGHOHW ILUHV
(PRWLRQ FRGHOHWV KDYH SUHFRQGLWLRQV EDVHG RQ WKH SDUWLFXODU VWDWH RU SHUFHSW WKH
FRGHOHW LV GHVLJQHG WR UHFRJQL]H  )RU H[DPSOH D PHVVDJH EHLQJ IURP WKH V\VWHP
DGPLQLVWUDWLRQPD\EHDSUHFRQGLWLRQIRUDFRGHOHWWKDWDGGVWRWKHIHDUFRPSRQHQWRI
WKHHPRWLRQYHFWRUSURGXFLQJDQ[LHW\LQWKHDJHQW+RZGRHVWKLVKDSSHQ":KHQDQ
HPRWLRQ FRGHOHW¶V SUHFRQGLWLRQV DUH PHW LW ILUHV PRGLI\LQJ WKH YDOXH RI D JOREDO
YDULDEOHUHSUHVHQWLQJWKHSRUWLRQRIWKHHPRWLRQ YHFWRUDVVRFLDWHG ZLWKWKHFRGHOHW¶V
SUHFRQGLWLRQV DQG PD\ VHQG DFWLYDWLRQ WR DQ DVVRFLDWHG GULYH  $ WZR VWHS SURFHVV
GHWHUPLQHVWKHDFWXDOYDOXHRIDQHPRWLRQDWDQ\RQHWLPH)LUVWWKHLQLWLDOLQWHQVLW\
RIWKHHPRWLRQFRGHOHWLVDGMXVWHGWRLQFOXGHYDOHQFHVDWXUDWLRQDQGUHSHWLWLRQYLDWKH
IRUPXOD
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ZKHUHDLVDGMXVWHGLQWHQVLW\DWFUHDWLRQWLPH[LVWKHLQLWLDOLQWHQVLW\RIWKHHPRWLRQ
YLVWKHYDOHQFH^`DQG[LVWKHKDELWXDWLRQIDFWRUZKLFKVKLIWVWKHIXQFWLRQWR
WKH OHIW RU ULJKW 7KH [ SDUDPHWHU PRGHOV WKH VKRUWWHUP KDELWXDWLRQ RI UHSHDWHG
HPRWLRQDO VWLPXOL ,WV YDOXH LV LQFUHDVHG ZKHQ WKH VDPH VWLPXOXV LV UHFHLYHG
UHSHDWHGO\ZLWKLQDVKRUWSHULRGRIWLPH
'XULQJWKHVHFRQGVWHSLQWKHSURFHVVHDFKHPRWLRQFRGHOHWWKDWKDVILUHGFUHDWHVDQ
LQVWDQWLDWLRQRILWVHOI ZLWKWKHFXUUHQW YDOXHIRU DGMXVWHG LQWHQVLW\ DQG D WLPH VWDPS
7KLV QHZ FRGHOHW ZLOO DGG LWV DGMXVWHG LQWHQVLW\ YDOXH QRW WR EH FRQIXVHG ZLWK
DFWLYDWLRQ  WR WKH JOREDO YDULDEOH UHSUHVHQWLQJ LWV SDUWLFXODU HPRWLRQ EDVHG RQ WKH
IRUPXOD PRGLILHGIURP>@
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:KHUHDLVWKHDGMXVWHGLQWHQVLW\DWFUHDWLRQWLPHELVWKHGHFD\UDWHWWKHFXUUHQW
WLPHDQGWWKHWLPHRIFUHDWLRQRIWKHFRGHOHW

$Q(PRWLRQ%DVHG³&RQVFLRXV´6RIWZDUH$JHQW$UFKLWHFWXUH

6LQFHWKHHPRWLRQYHFWRULVQRWDVLQJOHYDOXHDVLQJOHFRGHOHWZLOORQO\HIIHFWRQH
FRPSRQHQWRIWKH YHFWRUDQJHUIRULQVWDQFH7KH RYHUDOO DQJHU YDOXH IRU WKH DJHQW
ZRXOGWKHUHIRUHEHDVXPPDWLRQRIDOORIWKH\YDOXHVIRUFRGHOHWVWKDWILUHDQGWKDW
HIIHFW WKH DQJHU FRPSRQHQW RI WKH HPRWLRQ YHFWRU ,Q WKLV ZD\ HDFK DFWLYH HPRWLRQ
FRGHOHWVPDNHVLWVFRQWULEXWLRQWRWKHRYHUDOOHPRWLRQDOVWDWH7KHHPRWLRQDOVWDWHRI
WKHDJHQWLV ZULWWHQWRDVVRFLDWLYH PHPRU\ ZLWK HDFK LQFRPLQJ SHUFHSW  'XULQJ WKH
UHFDOOSURFHVVWKHVHHPRWLRQVDUHUHPHPEHUHGDQGUHHIIHFWWKHHPRWLRQDOVWDWHRIWKH
DJHQW E\ LQVWDQWLDWLQJ D QHZ FRGHOHW LQ PXFK WKH VDPH ZD\ DV DQ RULJLQDO HPRWLRQ
FRGHOHWZRXOG,QVXFKDFLUFXPVWDQFHWKHFRGHOHWZLOODIIHFWWKHHPRWLRQDOVWDWHRI
WKHDJHQWXVLQJWKHSUHYLRXVIRUPXODDGMXVWHGIRUWKHQHZWLPHRIDFWLYDWLRQDQGZLWK
DGHJUDGHGLQLWLDOLQWHQVLW\
7KHUHFDQEHPXOWLSOHHPRWLRQFRGHOHWVHDFKZLWKLWVRZQSUHFRQGLWLRQVWKDWFDXVH
LWWRILUH7KHV\VWHPPD\ILUHPRUHWKDQRQHHPRWLRQFRGHOHWDWDWLPH7KHUHVXOWLQJ
HPRWLRQDO VWDWH RI WKH DJHQW UHSUHVHQWHG E\ WKH JDLQ YHFWRU LV WKHUHIRUH D
FRPELQDWLRQRIWKHUHFHQWILULQJVRIYDULRXVHPRWLRQFRGHOHWV$OVRPXOWLSOHHPRWLRQ
FRGHOHWV FDQ EH LQFOXGHG LQ FRQFHSW FKXQNHG  FRGHOHWV > @ WKHUHE\ OHDUQLQJ
FRPSOH[HPRWLRQVWKDWDUHDVVRFLDWHGZLWKDKLJKHUOHYHOFRQFHSW
6R KRZ GRHV WKH HPRWLRQDO PHFKDQLVP DIIHFW WKH EHKDYLRU RI &0DWWLH"  )LUVW D
PHVVDJHZRXOGFRPHWRWKHV\VWHPDQGEHXQGHUVWRRGE\WKHSHUFHSWLRQPRGXOH)RU
WKHSXUSRVHRIWKLVH[DPSOHOHWXVVD\WKDWWKHPHVVDJHVD\VVRPHWKLQJWRWKHHIIHFW
RI ³WKH QHWZRUN ZLOO EH VKXW GRZQ LQ WZR PLQXWHV GXH WR D SRZHU SUREOHP´  7KLV
W\SHRIPHVVDJHZRXOGSUREDEO\FRPHWR&0DWWLHDVDV\VWHPDOHUWEXWLWVFRQWHQWV
DUHSURFHVVHGLQWKHVDPH ZD\DVWKH QRUPDO HPDLO PHVVDJHV  $IWHU SHUFHSWLRQ KDV
FDWHJRUL]HG WKH PHVVDJH LWV SURFHVVHG IRUP LV SXW LQWR WKH SHUFHSWLRQ UHJLVWHUV DQG
WKHQ PRYHG DIWHUVRPH KLJKHUOHYHO SURFHVVLQJ WKDW WDNHV LQWR DFFRXQW UHPHPEHUHG
VWDWHV WRWKH)RFXV$SDUWLFXODUHPRWLRQFRGHOHWZLOOWKHQVHHWKHZRUG³VKXWGRZQ´
LQWKH )RFXV LWGRHVQRW PDWWHU ZKHUHLQWKH)RFXV LW LV  DQG ZLOO LQFUHDVH WKH IHDU
IHDWXUH RI WKH HPRWLRQ YHFWRU  $W WKH VDPH WLPH WKLV VDPH FRGHOHW ZLOO VHQG
DFWLYDWLRQ WR WKH VHOISUHVHUYDWLRQ GULYH  6HYHUDO RWKHU WKLQJV PD\ EH RFFXUULQJ
VLPXOWDQHRXVO\ ZLWKLQ WKH V\VWHP LQFOXGLQJ WKH UHDGLQJ IURP WKH GLIIHUHQW W\SHV RI
PHPRULHV DQG WKH DFWLYDWLRQ RI YDULRXV ³FRQVFLRXV´ FRGHOHWV WKDW UHVSRQG WR RWKHU
LWHPVLQWKH)RFXV7KHVHRWKHUFRGHOHWVPD\VSDZQRUDFWLYDWHVSHFLILFEHKDYLRUVLQ
WKHEHKDYLRUQHW$ORQJZLWKWKHSUHYLRXVDFWLYDWLRQVRIEHKDYLRUVLQWKHEHKDYLRUQHW
DQG WKH QHZO\ MD]]HG GULYH ZKLFK ZLOO WKURXJK VSUHDGLQJ DFWLYDWLRQ LQFUHDVH WKH
OLNHOLKRRGRIDVHOISUHVHUYDWLRQDFWLRQEHLQJFKRVHQRQHEHKDYLRUZLOOJHWSLFNHGWR
ILUH7KHSUREDELOLW\RIDVHOISUHVHUYDWLRQDFWLRQRFFXUULQJKHUHLVLQIOXHQFHGE\WKH
DPRXQWRIIHDUWKDWZDVJHQHUDWHGE\WKHRULJLQDOHPRWLRQFRGHOHW$IWHUDEHKDYLRULV
FKRVHQDQGH[HFXWHGWKHUHLVDZULWHEDFNWRWKHYDULRXVPHPRULHVFRQWDLQLQJDOOWKH
HOHPHQWVRIWKH)RFXVDORQJZLWKWKHVWDWHRIWKHHPRWLRQYHFWRUDQGWKHEHKDYLRUWKDW
ZDVFKRVHQIRUH[HFXWLRQ$VSUHYLRXVO\VWDWHGWKLVZLOOIDFLOLWDWHWKHDVVRFLDWLRQRI
WKH HPRWLRQDO VWDWH RI WKH V\VWHP ZLWK WKH FXUUHQW VWDWH RI WKH SHUFHSWLRQV DQG WKH
DFWLRQH[HFXWHG/HDUQLQJFDQWKHQWDNHSODFHDWVRPHODWHUWLPHWKDW ZLOOWDNHLQWR
DFFRXQWWKHHPRWLRQVRIWKHV\VWHPDVDJXLGLQJIDFWRUWRKRZWKHV\VWHPZDVGRLQJDW
WKDW WLPH DQG KRZ WKH DVVRFLDWHG SHUFHSWLRQV PLJKW KDYH DIIHFWHG WKH DFWLRQV RI WKH
DJHQW
$QRWKHU VKRUW H[DPSOH RI KRZ WKH HPRWLRQV PLJKW DIIHFW &0DWWLH¶V EHKDYLRU
ZRXOGEHWRQRWHKRZKHUFRUUHVSRQGHQFHZLWKDSDUWLFXODUSHUVRQFRXOGFKDQJHRYHU
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WLPH  ,Q WKLV FDVH &0DWWLH KDV QRW UHFHLYHG D PHVVDJH IURP D SDUWLFXODU VHPLQDU
RUJDQL]HU OHWWLQJ KHU NQRZ ZKR ZLOO VSHDN DW WKH ³&RPSXWHU 6FLHQFH 6HPLQDU´ WKDW
ZHHN DQG LW LV JHWWLQJ FORVH WR WKH WLPH ZKHQ VKH PXVW VHQG RXW WKDW ZHHN¶V OLVW RI
VHPLQDUV6KHKDVDOUHDG\VHQWWKLVRUJDQL]HUWZRSUHYLRXVUHPLQGHUVWKDWZHHNDQG
QRWJRWWHQDUHSO\7KHIDFWWKDWWKHUHLVPLVVLQJLQIRUPDWLRQLQWKHZHHNO\VHPLQDU
OLVWDQGWKDWWKHWLPHLVJURZLQJVKRUWKDVFDXVHGKHUHPRWLRQDOVWDWHWREHKLJKLQWKH
DUHDVRIIHDU WKDWVKHZLOOQRWJHWWKHDQQRXQFHPHQWRXWLQWLPH DQGDQJHU WKDWWKH
VHPLQDU RUJDQL]HU KDV QRW VHQW KHU WKH QHFHVVDU\ LQIRUPDWLRQ  7KLV FRPELQDWLRQ RI
HPRWLRQV PLJKW LQ KXPDQV LQFOXGH DQ[LHW\ 7KH KLJK OHYHO RI DQ[LHW\ PLJKW
LQIOXHQFHWKHWHPSODWHWKDW&0DWWLHFKRRVHVWRVHQGWRWKLVRUJDQL]HU,QVWHDGRIWKH
QRUPDOO\ ³SROLWH´ YHUVLRQ RI WKH LQIRUPDWLRQ UHTXHVW WHPSODWH VKH PLJKW FKRRVH D
PRUH IRUFHIXO YHUVLRQ WKDW PRUH DFFXUDWHO\ H[SUHVVHV WKH XUJHQF\ RI JHWWLQJ WKH
RUJDQL]HU¶V LQIRUPDWLRQ  2YHU WLPH &0DWWLH FRXOG UHFRJQL]H WKDW VKH DOZD\V JHWV
DQ[LRXV EHFDXVH RI PLVVLQJ LQIRUPDWLRQ IURP WKLV VDPH RUJDQL]HU  +HU UHVSRQVH WR
WKLV FRXOG EH WR FKRRVH WR XVH WKH PRUH IRUFHIXO IRUP RI WKH LQIRUPDWLRQ UHTXHVW
WHPSODWHHDUOLHUWKDQQRUPDOZKHQFRUUHVSRQGLQJZLWKWKLVRUJDQL]HU

)LJXUH([DPSOHRIHPRWLRQVUHDFWLQJWRDV\VWHPVKXWGRZQPHVVDJH

$Q(PRWLRQ%DVHG³&RQVFLRXV´6RIWZDUH$JHQW$UFKLWHFWXUH



,'$

,'$ LV DQ ,QWHOOLJHQW 'LVWULEXWLRQ $JHQW IRU WKH 86 1DY\ /LNH &0DWWLH VKH
LPSOHPHQWVJOREDOZRUNVSDFHWKHRU\>@$WWKHHQGRIHDFKVDLORU¶VWRXURIGXW\
KHRUVKH LV DVVLJQHG WR D QHZ ELOOHW 7KLV DVVLJQPHQW SURFHVV LV FDOOHG GLVWULEXWLRQ
7KH 1DY\ HPSOR\V VRPH  SHRSOH FDOOHG GHWDLOHUV IXOO WLPH WR HIIHFW WKHVH QHZ
DVVLJQPHQWV,'$¶VWDVNLVWRIDFLOLWDWHWKLVSURFHVVE\SOD\LQJWKHUROHRIRQHGHWDLOHU
DV EHVW VKH FDQ  'HVLJQLQJ ,'$ SUHVHQWV ERWK FRPPXQLFDWLRQ SUREOHPV DQG
FRQVWUDLQW VDWLVIDFWLRQ SUREOHPV 6KH PXVW FRPPXQLFDWH ZLWK VDLORUV YLD HPDLO LQ
QDWXUDOODQJXDJHXQGHUVWDQGLQJWKHFRQWHQW6KHPXVWDFFHVVDQXPEHURIGDWDEDVHV
DJDLQXQGHUVWDQGLQJWKHFRQWHQW6KHPXVWVHHWKDWWKH1DY\¶VQHHGVDUHVDWLVILHGIRU
H[DPSOH WKDW WKH UHTXLUHG QXPEHU RI VRQDU WHFKQLFLDQV DUH RQ D GHVWUR\HU ZLWK WKH
UHTXLUHG W\SHV RI WUDLQLQJ 6KH PXVW DGKHUH WR 1DY\ SROLFLHV IRU H[DPSOH KROGLQJ
GRZQPRYLQJFRVWV$QGVKHPXVWFDWHUWRWKHQHHGVDQGGHVLUHVRIWKHVDLORUDVZHOO
DVLVSRVVLEOH
,'$ZLOOVHQVHKHUZRUOGXVLQJWKUHHGLIIHUHQWVHQVRU\PRGDOLWLHV6KHZLOOUHFHLYH
HPDLO PHVVDJHV UHDG GDWDEDVH VFUHHQV DQG VHQVH RSHUDWLQJ V\VWHP FRPPDQGV DQG
PHVVDJHV  (DFK VHQVRU\ PRGH ZLOO UHTXLUH DW OHDVW RQH NQRZOHGJH EDVH DQG D
ZRUNVSDFH 7KH PHFKDQLVP KHUH ZLOO EH EDVHG ORRVHO\ RQ WKH &RS\FDW $UFKLWHFWXUH
>@(DFKNQRZOHGJHEDVHZLOOEHDVOLSQHWDIOXLGVHPDQWLFQHWZKLFKRSHUDWHV
ZLWK WKH KHOS RI D ZRUNVSDFH D ZRUNLQJ PHPRU\  WR DOORZ SHUFHSWLRQ
FRPSUHKHQVLRQ WRRFFXU7KHSHUFHSWLRQSURFHVVLVFRQVWUXFWLYH(DFK PRGHRWKHU
WKDQ WKH HPDLO DQG RSHUDWLQJ V\VWHPV FRPPDQGV DQG PHVVDJHV ZLOO XQGHUVWDQG
PDWHULDO IURP D SDUWLFXODU GDWDEDVH IRU H[DPSOH SHUVRQQHO UHFRUGV D OLVW RI MRE
RSHQLQJVRUDOLVWRIVDLORUVWREHDVVLJQHG
(DFK RI ,'$¶V VHQVHV LV DQ DFWLYH VHQVH OLNH KXPDQ YLVLRQ UDWKHU WKDQ KXPDQ
KHDULQJ 7KH\ UHTXLUH DFWLRQV RQ ,'$¶V SDUW EHIRUH VHQVLQJ FDQ WDNH SODFH IRU
H[DPSOH UHDGLQJ HPDLO RU DFFHVVLQJ D GDWDEDVH  2QH FRPSRQHQW RI ,'$¶V DFWLRQ
VHOHFWLRQLVDQHQKDQFHGYHUVLRQRIDEHKDYLRUQHW>@7KHEHKDYLRUQHWLVD
GLUHFWHG JUDSK ZLWK EHKDYLRUV DV YHUWLFHV DQG WKUHH GLIIHUHQW NLQGV RI OLQNV DORQJ
ZKLFK DFWLYDWLRQ VSUHDGV $FWLYDWLRQ RULJLQDWHV IURP LQWHUQDO H[SOLFLWO\ UHSUHVHQWHG
GULYHVIURP,'$¶VXQGHUVWDQGLQJRIWKHH[WHUQDOZRUOGDQGIURPLQWHUQDOVWDWHV7KH
EHKDYLRU ZKRVH DFWLYDWLRQ LV DERYH VRPH WKUHVKROG YDOXH DQG LV WKH KLJKHVW DPRQJ
WKRVH ZLWK DOO SUHFRQGLWLRQV VDWLVILHG EHFRPHV WKH QH[W JRDO FRQWH[W DV VSHFLILHG LQ
JOREDO ZRUNVSDFH WKHRU\ 7KH VHYHUDO VPDOO DFWLRQV W\SLFDOO\ QHHGHG WR FRPSOHWH D
EHKDYLRU DUH SHUIRUPHG E\ FRGHOHWV ,'$¶V EHKDYLRUV DUH SDUWLWLRQHG LQWR VWUHDPV
ORRVHO\FRUUHVSRQGLQJWRWKHFRQQHFWHGFRPSRQHQWVRIWKHGLJUDSKHDFKLQWKHVHUYLFH
RIRQHRUPRUHGULYHV6WUHDPVRIEHKDYLRUVDUHOLNHSODQVH[FHSWWKDWWKH\PD\QRW
EH OLQHDU %HKDYLRU VWUHDPV PLJKW EH LQWHUUXSWHG GXULQJ WKHLU H[HFXWLRQ RU SRVVLEO\
QRW FRPSOHWHG ([DPSOHV RI ,'$¶V VWUHDPV LQFOXGH $FFHVV 3HUVRQQHO 5HFRUG 6HQG
$FNQRZOHGJHPHQW2IIHU$VVLJQPHQWV3URGXFH2UGHUV
,'$OLNH&0DWWLHLVYHU\PXFKDPXOWLDJHQWV\VWHPLQWKH0LQVN\VHQVH>@WKH
DJHQWV EHLQJ WKH FRGHOHWV WKDW XQGHUOLH DOO WKH KLJKHU OHYHO FRQVWUXFWV DQG WKDW
XOWLPDWHO\ SHUIRUP DOPRVW DOO RI ,'$¶V DFWLRQV :H¶YH PHQWLRQHG WKH FRGHOHWV WKDW
XQGHUOLH EHKDYLRUV 2WKHUV XQGHUOLH VOLSQHW QRGHV DQG SHUIRUP DFWLRQV QHFHVVDU\ IRU
FRQVWUXFWLQJ,'$¶VXQGHUVWDQGLQJRIDQHPDLOPHVVDJHRURIDGDWDEDVHVFUHHQ>@
6WLOORWKHUFRGHOHWVSOD\DYLWDOUROHLQWKH³FRQVFLRXVQHVV´PHFKDQLVP
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+DYLQJ JDWKHUHG DOO UHOHYDQW LQIRUPDWLRQ ,'$ PXVW VRPHKRZ VHOHFW WKH
DVVLJQPHQWV VKH¶OO RIIHU D JLYHQ VDLORU %HLQJ D FRQVWUDLQW VDWLVIDFWLRQ SUREOHP
FRQVLGHUDEOH NQRZOHGJH LV UHTXLUHG IRU PDNLQJ WKHVH VHOHFWLRQV 0XFK RI WKLV
NQRZOHGJH LV KRXVHG LQ DQ RSHUDWLRQV UHVHDUFK W\SH OLQHDU IXQFWLRQDO WKDW PHDVXUHV
WKH VXLWDELOLW\ RI D SDUWLFXODU ELOOHW IRU D JLYHQ VDLORU 7KH UHVW RI WKLV NQRZOHGJH LV
IRXQG LQ FRGHOHWV WKDW HIIHFW WKH GHOLEHUDWLRQ SURFHVV 7KLV SURFHVV FUHDWHV DQG
HYDOXDWHV D VFHQDULR WR FKHFN WKH WHPSRUDO ILW RI D WUDQVIHU RI WKH JLYHQ VDLORU WR D
SDUWLFXODUQHZELOOHW
,'$HPSOR\V D QXPEHU RI GLIIHUHQW PHPRULHV 7KH RIIHU PHPRU\ LV D WUDGLWLRQDO
GDWDEDVH WKDW NHHSV WUDFN RI WKH DVVLJQPHQWV ,'$ KDV RIIHUHG YDULRXV VDLORUV )RU
FRJQLWLYH PRGHOLQJ SXUSRVHV WKLV PHPRU\ FDQ EH FRQVLGHUHG WR EH H[WHUQDO
FRPSDUDEOH WR D KXPDQ NHHSLQJ QRWHV ,'$¶V LQWHUPHGLDWH WHUP PHPRU\ DFWV DV DQ
HSLVRGLF PHPRU\ SURYLGLQJ FRQWH[W IRU HPDLO PHVVDJHV DQG IRU WKH FRQWHQWV RI
GDWDEDVH VFUHHQV ,W¶OO EH LPSOHPHQWHG DV D FDVHEDVHG PHPRU\ WR IDFLOLWDWH FDVH
EDVHGOHDUQLQJ,'$¶VDVVRFLDWLYHPHPRU\DVVRFLDWHVPHPRULHVHPRWLRQVDQGDFWLRQV
ZLWK LQFRPLQJ SHUFHSWV DV ZHOO DV ZLWK LQWHUQDO HYHQWV VXFK DV GHOLEHUDWLRQV ,W LV
LPSOHPHQWHG E\ DQ H[WHQVLRQ RI VSDUVH GLVWULEXWHG PHPRU\ >@ 6RPH RI ,'$¶V
DFWLRQVHOHFWLRQFRGHOHWVDFWDVDNLQGRIWHPSODWHPHPRU\KROGLQJWKHYDULRXVVPDOO
WH[WVFULSWVWKDW,'$XVHVWRFRPSRVHFRPPDQGVWRDFFHVVGDWDEDVHVRULVVXHRUGHUV
DQGWRFRPSRVHPHVVDJHVWRVDLORUV
*OREDO ZRUNVSDFH WKHRU\ SRVWXODWHV WKH FRQWHQWV RI ³FRQVFLRXVQHVV´ WR EH
FRDOLWLRQV RI FRGHOHWV VKLQHG RQ E\ D VSRWOLJKW ,PDJLQH D FRGHOHW ZRUNVSDFH
SRSXODWHGE\PDQ\DFWLYHFRGHOHWVHDFKZRUNLQJXQFRQVFLRXVO\DQGLQSDUDOOHORQLWV
RZQDJHQGD&RDOLWLRQVRIFRGHOHWVWKDW DULVH IURP QRYHO RU SUREOHPDWLF VLWXDWLRQV
VHHNRXWWKHVSRWOLJKW7KHLQIRUPDWLRQFRQWDLQHGLQWKLVFRDOLWLRQLVEURDGFDVWWRDOO
WKH RWKHU FRGHOHWV DFWLYH RU QRW 7KH LGHD LV WR UHFUXLW UHVRXUFHV LQ WKH IRUP RI
UHOHYDQWFRGHOHWVWRKHOSLQGHDOLQJZLWKWKHQRYHORUSUREOHPDWLFVLWXDWLRQ,WVHHPV
WKDW LQ KXPDQV DOPRVW DQ\ UHVRXUFH PD\ EH UHOHYDQW GHSHQGLQJ RQ WKH VLWXDWLRQ
*OREDOZRUNVSDFHWKHRU\DVVHUWVWKDWFRQVFLRXVQHVVDWWDFNVWKHSUREOHPRIILQGLQJWKH
UHOHYDQWUHVRXUFHVE\EUXWHIRUFH%URDGFDVWWRDOOSURFHVVHV,'$XVHVWKLVPHWKRG
7R GR VR VKH QHHGV D FRDOLWLRQ PDQDJHU D VSRWOLJKW FRQWUROOHU D EURDGFDVW
PDQDJHU DQG ³FRQVFLRXVQHVV´ FRGHOHWV >@ 7KH FRDOLWLRQ PDQDJHU JURXSV DFWLYH
FRGHOHWV LQWR FRDOLWLRQV DFFRUGLQJ WR WKH VWUHQJWK RI WKH DVVRFLDWLRQV EHWZHHQ WKHP
DQG NHHSV WUDFN RI WKHP ,I D FROOHFWLRQ RI FRGHOHWV LV DVVRFLDWHG DERYH D FHUWDLQ
WKUHVKROG OHYHO WKHVH FRGHOHWV DUH FRQVLGHUHG WR EH LQ D FRDOLWLRQ 7KH VSRWOLJKW
FRQWUROOHU GHWHUPLQHV ZKLFK FRDOLWLRQ EHFRPHV ³FRQVFLRXV´ DW D SDUWLFXODU WLPH ,W
FDOFXODWHV WKH DYHUDJH DFWLYDWLRQ OHYHO RI HDFK RI WKH FRDOLWLRQV E\ DYHUDJLQJ WKH
DFWLYDWLRQOHYHOVRIWKHFRDOLWLRQ¶VFRGHOHWV7KHVSRWOLJKWWKHQVKLQHVRQWKHFRDOLWLRQ
ZLWKWKHKLJKHVWDYHUDJHDFWLYDWLRQOHYHO2QFHWKHVSRWOLJKWFRQWUROOHUKDVGHWHUPLQHG
D ³FRQVFLRXV´ FRDOLWLRQ LW QRWLILHV WKH EURDGFDVW PDQDJHU WKDW LV UHVSRQVLEOH IRU
JDWKHULQJLQIRUPDWLRQIURPWKH³FRQVFLRXV´FRDOLWLRQDQGVHQGLQJLWWRDOORI,'$¶V
FRGHOHWV  $V SUHVFULEHG E\ JOREDO ZRUNVSDFH WKHRU\ PHVVDJHV DUH VPDOO DQG
XQGHUVWRRGE\RQO\VRPHRIWKHDJHQW¶VFRGHOHWV6SHFLILFDOO\WKHEURDGFDVWPDQDJHU
JDWKHUV REMHFWV ODEHOHG IRU EURDGFDVW IURP WKH FRGHOHWV LQ WKH ³FRQVFLRXV´ FRDOLWLRQ
7KHVH REMHFWV FRQWDLQ LQIRUPDWLRQ QHHGHG IRU VSHFLI\LQJ WKH FXUUHQW QRYHOW\ RU
SUREOHP7KLVLQIRUPDWLRQLVWKHQEURDGFDVWWRDOORI,'$¶VFRGHOHWV

$Q(PRWLRQ%DVHG³&RQVFLRXV´6RIWZDUH$JHQW$UFKLWHFWXUH

³&RQVFLRXVQHVV´ FRGHOHWV SOD\ D FULWLFDO UROH LQ WKLV SURFHVV $ ³FRQVFLRXVQHVV´
FRGHOHW LV RQH ZKRVH IXQFWLRQ LV WR EULQJ VSHFLILF LQIRUPDWLRQ WR ³FRQVFLRXVQHVV´
6SHFLILF ³FRQVFLRXVQHVV´ FRGHOHWV VSULQJ LQWR DFWLRQ ZKHQ WKH LQIRUPDWLRQ IURP
SHUFHSWLRQ LV UHOHYDQW WR WKHP 6RPH ³FRQVFLRXVQHVV´ FRGHOHWV FKHFN IRU FRQIOLFWV
DPRQJWKHUHOHYDQWLWHPVUHWXUQHGIURPWKHSHUFHSWDQGWKHPHPRU\³&RQVFLRXVQHVV´
FRGHOHWV DUH GHVLJQHG WR UHFRJQL]H DQG DFW RQ WKH NLQGV RI QRYHO RU SUREOHPDWLF
VLWXDWLRQVWKDWVKRXOGEHEURXJKWWR³FRQVFLRXVQHVV´



(PRWLRQVLQ,'$

,'$¶V HPRWLRQ PRGXOH OLNH D KXPDQ¶V SURYLGHV D PXOWLGLPHQVLRQDO PHWKRG IRU
DVFHUWDLQLQJ KRZ ZHOO VKH LV GRLQJ  :H ZLOO H[SHULPHQW ZLWK PHFKDQLVPV IRU
HPRWLRQV 7KHVH PD\ LQFOXGH DQ[LHW\ DW QRW XQGHUVWDQGLQJ D PHVVDJH JXLOW DW QRW
UHVSRQGLQJWRDVDLORULQDWLPHO\IDVKLRQDQGDQQR\DQFHDWDQXQUHDVRQDEOHUHTXHVW
IURPDVDLORU(PRWLRQVLQKXPDQVDQGLQ,'$LQIOXHQFHDOOGHFLVLRQVDVWRDFWLRQ>@

)LJXUH,OOXVWUDWLRQIURPH[DPSOHLQVHFWLRQ

,'$¶VHPRWLRQDOV\VWHPZLOOQHHGWREHDJRRGELWPRUHUREXVWWKDQ&0DWWLH¶V,Q
DGGLWLRQ ,'$¶V HPRWLRQV ZLOO EH PRUH WLJKWO\ LQWHJUDWHG ZLWK KHU ³FRQVFLRXVQHVV´
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PHFKDQLVPV7KLVLPSOHPHQWDWLRQDWWHPSWVWRPRGHODQHPHUJLQJSHUVSHFWLYHRQWKH
UHODWLRQVKLS EHWZHHQ HPRWLRQV DQG WKH UHVW RI FRJQLWLRQ LQ SDUWLFXODU WKH
³FRQVFLRXVQHVV´ PRGXOH  $UJXPHQWV KDYH EHHQ PDGH WKDW WKH FRQFHSW RI D ³OLPELF
V\VWHP´WKDWLVODUJHO\VHSDUDWHIURPWKHUHVWRIWKHEUDLQLVDWEHVWPLVOHDGLQJ,WKDV
EHHQ VXJJHVWHG WKDW WKH GLVWLQFWLRQ EHWZHHQ DUHDV RI WKH EUDLQ WKDW DUH FRQVLGHUHG
OLPELF DQG QRQOLPELF FDQQRW EH PDGH GXH WR WKH LQFUHGLEOH LQWHUFRQQHFWHGQHVV DQG
SHUYDVLYHQHVVRIWKHOLPELFV\VWHP>@,QRWKHUZRUGVLWLVQRWFOHDUZKDWDVSHFWVRI
FRJQLWLRQDUHEHLQJFRQGXFWHGZLWKRUZLWKRXWWKHDLGRIHPRWLRQV,WVHHPVWKDWHDFK
WLPH ZH OHDUQ D ELW PRUH DERXW KRZ WKH EUDLQ SURFHVVHV HPRWLRQV ZH DUH IRUFHG WR
UHHYDOXDWH RXU QRWLRQV RI ZKDW PDNHV HPRWLRQDO FRJQLWLRQ GLIIHUHQW IURP DOO RWKHU
FRJQLWLRQV$V$DURQ6ORPDQKDVSRLQWHGRXWRQQXPHURXVRFFDVLRQVWKHIXQFWLRQV
WKDW HPRWLRQV VHHP WR SOD\ FDQ EH DFFRPSOLVKHG ZLWK D FRPSOH[ SDWWHUQ ILOWHU DQG
DODUPV\VWHP>@&0DWWLHLVDQH[DPSOHRIMXVWWKLVVRUWRIV\VWHP
:KDWKDSSHQVLQKXPDQVKRZHYHUVHHPVWREHPXFKPRUHFRPSOH[WKDQZKDWDQ
DODUPW\SHV\VWHPFRXOGSURGXFH7KHILUVWVWHSLQWU\LQJWRPRGHOWKLVFRPSOH[LW\LQ
,'$ ZLOO EH WR PHOG SRUWLRQV RI WKH HPRWLRQ DQG ³FRQVFLRXVQHVV´ PHFKDQLVPV
ERUURZHG IURP &0DWWLH  $V GHVFULEHG DERYH ,'$¶V ³FRQVFLRXVQHVV´ PRGXOH
GHSHQGVRQFRGHOHWVWKDWHDFKORRN IRUVRPHSDUWLFXODUHYHQW 7KHVHFRGHOHWVXSRQ
UHFRJQL]LQJ WKHLU SUHSURJUDPPHG HYHQW DFWLYDWH WKHPVHOYHV DQG ³KHOSHU´ FRGHOHWV
DQG DWWHPSW WR JHW LQWR WKH VSRWOLJKW RI ³FRQVFLRXVQHVV´  :LWK WKH H[FHSWLRQ RI
DFWLYHO\ WU\LQJ WR UHDFK ³FRQVFLRXVQHVV´ DQG UHFUXLWLQJ RWKHU FRGHOHWV HPRWLRQ
FRGHOHWV ORRN YHU\ PXFK OLNH ³FRQVFLRXVQHVV´ FRGHOHWV RIWHQ HYHQ ORRNLQJ IRU WKH
VDPHHYHQW7RPHOGWKHVHWZRWDVNVZHVLPSO\DGGWRVRPHRIWKH³FRQVFLRXVQHVV´
FRGHOHWV WKH DELOLW\ WR FKDQJH WKH HPRWLRQ YHFWRU DQG OLQN WKHLU DFWLYDWLRQ WR WKH
DPRXQWRIHPRWLRQDOFKDQJHSURGXFHGE\WKDWFRGHOHW
7KH QH[W VWHS DWWHPSWV WR SURYLGH PDVVLYH LQWHUFRQQHFWHGQHVV EHWZHHQ WKH
HPRWLRQDO PHFKDQLVPV DQG WKH UHVW RI WKH PDMRU FRJQLWLYH DUHDV RI WKH V\VWHP  $
QHWZRUN LV EXLOW XS E\ FRQQHFWLQJ WKH ³FRQVFLRXVQHVV´HPRWLRQ FRGHOHWV WR NH\
EHKDYLRUVJRDOVGULYHVSHUFHSWLRQFRGHOHWVHWF7KHOLQNVRIWKLVQHWZRUNDUHWRKDYH
ZHLJKWV DQG FDUU\ DFWLYDWLRQ :HLJKWV ZLOO GHFD\ ZLWK GLVXVH (DFK XVH WHQGV WR
GHFUHDVH WKH GHFD\ UDWH :HLJKWV ZLOO LQFUHDVH DFFRUGLQJ WR D VLJPRLGDO IXQFWLRQ RI
DQ\DFWLYDWLRQFDUULHGRYHUWKHOLQNDOORZLQJIRU+HEELDQVW\OHOHDUQLQJ7KHSURGXFW
RIZHLJKWDQGFDUULHGDFWLYDWLRQLVDGGHGWRWKHDFWLYDWLRQDOUHDG\SUHVHQWDWWKHKHDG
RIWKHOLQN 6SUHDGLQJ DFWLYDWLRQ WKHQ EHFRPHV WKH FRPPRQ FXUUHQF\ WKDW LQWHJUDWHV
WKHVHSDUDWHPRGXOHVWKDWXVHWKHVHFRQVWUXFWV
$VZLWKKXPDQVHPRWLRQVLQ,'$SURYLGHWKHSULPDU\HYDOXDWLYH PHFKDQLVP IRU
WKHV\VWHP$QH[DPSOHIRUKRZWKLVDIIHFWV,'$¶VEHKDYLRULVLOOXVWUDWHGLQ)LJXUH
DERYH,QWKLVVLWXDWLRQ,'$LVUHSULPDQGHGEHFDXVHVKHKDVVSHQWWRRPXFKRIWKH
3&6 3HUVRQQHO &KDQJH RI 6WDWLRQ  EXGJHW WRR TXLFNO\  :LWK HDFK QHZ MRE WKDW LV
DVVLJQHGD3&6FRVWLVFDOFXODWHGIRUZKDWLWZLOOFRVWWKH1DY\WRPRYHWKHVDLORULQ
TXHVWLRQIURPKLVRUKHUFXUUHQWVWDWLRQWRWKHQHZVWDWLRQ7KH1DY\ ZRXOGOLNHWR
PLQLPL]H WKLV FRVW  7KH UHVXOW RI WKH UHSULPDQG DORQJ ZLWK XQKDSSLQHVV IRU EHLQJ
UHSULPDQGHG LVWKDWDFWLYDWLRQLVVHQWWRWKHHPRWLRQFRGHOHWWKDWUHSUHVHQWVDJHQHUDO
SOHDVXUHRUSUHIHUHQFHIRUORZ3&6FRVW$FWLYDWLRQLVVHQWLQWXUQIURPWKLVFRGHOHW
WKURXJK LWV OLQNV WR WZR PRUH VSHFLILF HPRWLRQ FRGHOHWV DVVRFLDWHG ZLWK 3&6 FRVW
7KHVH WZR FRGHOHWV ZLOO ERWK KDYH D GLUHFW LQIOXHQFH RYHU FHUWDLQ GHFLVLRQV DQGRU
EHKDYLRUVWKDWZLOOWHQGWRPDNH,'$PRUHOLNHO\WRVHOHFWMREVIRUVDLORUVWKDWKDYH

$Q(PRWLRQ%DVHG³&RQVFLRXV´6RIWZDUH$JHQW$UFKLWHFWXUH

ORZHU 3&6 FRVWV DV RSSRVHG WR VD\ WKH VDLORUV ORFDWLRQ SUHIHUHQFH   ,Q DGGLWLRQ
VRPH VPDOOHU DPRXQW RI DFWLYDWLRQ LV VHQW XS WKH WUHH WR D PRUH JHQHUDO HPRWLRQ
FRGHOHWLQWKLVFDVHRQHZKLFKIHHOVSOHDVXUHDWPHHWLQJWKH1DY\¶VUHTXLUHPHQWV,Q
WKLV H[DPSOH ,'$ ZRXOG QRW RQO\ WHQG WR FKRRVH MREV ZLWK ORZHU 3&6 FRVWV LQ WKH
IXWXUHEXWZRXOGDOVRWRDOHVVHUH[WHQWWHQGWRSXWPRUHZHLJKWRQMREVWKDWDGKHUH
PRUHFORVHO\WR1DY\SROLF\7KHH[DPSOHGHPRQVWUDWHVKRZWKHHPRWLRQPHFKDQLVP
VSUHDGVDFWLYDWLRQRIHPRWLRQFRGHOHWVLQERWKGLUHFWLRQVDORQJLWVOLQNVDQGFUHDWHVD
PRUHUREXVWUHVSRQVHWRDVLWXDWLRQ
7KLV IRUPXODWLRQ SURYLGHV VHYHUDO EHQHILWV WKDW FRQIRUP WR FXUUHQW HYLGHQFH
UHJDUGLQJHPRWLRQV)LUVWHPRWLRQVVHHPWREHSHUYDVLYHLQWKHKXPDQEUDLQOLQNLQJ
DFWLYLWLHVWKDWRFFXULQUHODWLYHO\GLVWDQWDUHDVZLWKDFRQVLVWHQWYDOXHMXGJHPHQW%\
FRQQHFWLQJDOORIWKHPDMRUV\VWHPVRI,'$ZHDOORZDFWLYLWLHVWKDWRFFXULQRQHDUHD
WRHIIHFWZKDWKDSSHQVLQRWKHUDUHDVHYHQWKRXJKWKH\VHHPTXLWHGLVSDUDWH6HFRQG
FRPSOH[ HPRWLRQV FDQ EH OHDUQHG RYHU WLPH EDVHG RQ WKHLU WHPSRUDO FRRFFXUUHQFH
ZLWK D VLWXDWLRQ WKDW UHVXOWV LQ D SDUWLFXODU HPRWLRQDO UHVSRQVH  %\ PDLQWDLQLQJ WKH
IXQFWLRQDOLW\RIWKHHPRWLRQDOPHFKDQLVPLQ&0DWWLH,'$ZLOOVWLOOEHDEOHWROHDUQ
FRPSOH[HPRWLRQVWKURXJKUHPHPEHUHGHPRWLRQDOVWDWHVDQGWKURXJKDVVRFLDWLRQZLWK
RWKHUFRGHOHWVWKDWDUHLQ³FRQVFLRXVQHVV´DWWKHVDPHWLPH>@$OVRWKHDFWLYDWLRQ
QHWZRUN DV GHVFULEHG DERYH ZLOO DOORZ IRU WKH OHDUQLQJ RI OLQN ZHLJKWV WKHUHE\
DIIHFWLQJWKHLQIOXHQFHRIHPRWLRQVRQDFWLRQVDQGYLFHYHUVD)LQDOO\HPRWLRQVFDQ
ERWK WULJJHU FHUWDLQ UHDFWLRQV DQG FDQ EH WULJJHUHG E\ DFWLRQV  ,Q KXPDQV IRU
H[DPSOH WKH SK\VLFDO DFW RI VLQJLQJ D MR\IXO VRQJ HYHQ IRUFHG FDQ PDNH D SHUVRQ
WHPSRUDULO\IHHOEHWWHUZKHQWKH\DUHVDG,Q,'$WKHVSUHDGLQJRIDFWLYDWLRQLQWKH
HPRWLRQDO QHWZRUN FDQ RFFXU LQ DQ\ GLUHFWLRQ  7KXV D ³FRQVFLRXVQHVV´HPRWLRQ
FRGHOHWFDQWULJJHUDQDFWLYHUHVSRQVH,QWKHRWKHUGLUHFWLRQDQDFWLRQFDQWULJJHUDQ
HPRWLRQDOUHVSRQVHRUHYHQLQVWLJDWHDJURXSRIFRGHOHWVFRPLQJLQWR³FRQVFLRXVQHVV´
WKDWZRXOGRWKHUZLVHQRWKDYHEHHQWULJJHUHG
1RWH WKDW LW LV QRW WKH PHFKDQLVPV XVHG KHUH WR PRGHO HPRWLRQV FRGHOHWV
VSUHDGLQJ DFWLYDWLRQ HWF WKDW DUH XQLTXH EXW WKH ZD\ WKDW WKHVH PHFKDQLVPV DUH
EHLQJXVHGDQGWKHIXQFWLRQVWKDWWKH\SHUIRUPZLWKLQWKHODUJHUV\VWHP7KHSRLQWLV
WKDWWKHPHFKDQLVPVLQYROYHGLQHPRWLRQVLQKXPDQVRURWKHUZLVHDUHQRW³VSHFLDO´
7KH VDPH FDQ EH VDLG DERXW PRVW DQ\ RWKHU SDUW RI WKH KXPDQ EUDLQ  7KH YLVXDO
FRUWH[ IRU LQVWDQFH XVHV WKH VDPH EDVLF PHFKDQLVPV DV WKH WHPSRUDO OREH \HW SOD\
GLIIHUHQWUROHVZLWKLQWKHV\VWHP,WLVQRWWKHLUVXEVWDQFHEXWWKHLURUJDQL]DWLRQDQG
LQWHUFRQQHFWLRQVWKDWVHWWKHPDSDUW2QWKHERXQGDULHVEHWZHHQ DUHDV RI WKH EUDLQ
WKHQDPLQJRIRQHQHXURQDVEHLQJSDUWRIDPRGXOHDQGQRWSDUWRIDQRWKHULVQRWRQO\
FRXQWHUSURGXFWLYHEXWLPSRVVLEOH:HJLYHQDPHVWRGLIIHUHQW SDUWVRUIXQFWLRQVRI
DUHDVRIWKHEUDLQEHFDXVHLWLVHDVLHUWRFRPSUHKHQGDQGDQDO\]HWKHPWKDWZD\EXW
ZH PXVW NHHS LQ PLQG WKDW WKH\ DUH DOO VWLOO SDUW RI WKH VDPH KLJKO\ SDUDOOHO KLJKO\
LQWHJUDWHGV\VWHP(PRWLRQVDUH PXFKOLNHDQ\RWKHUFRJQLWLYH IXQFWLRQDQGVKRXOG
QRWEHYLHZHGDVPDJLFDORUVSHFLDO±WKH\MXVWSHUIRUPDGLIIHUHQWIXQFWLRQ

/HH0F&DXOH\HWDO



5HODWHG:RUN

6HYHUDO RWKHU DXWKRUV KDYH SURSRVHG V\VWHPV WKDW DUH FRPSDUDEOH >  @  7KH
PRVW VLPLODU RI WKHVH PHWKRGV LV 9HODVTXH]¶V &DWKH[LV ZKLFK KDV EHHQ XVHG LQ
VHYHUDODJHQWV\VWHPV
$V ZLWK &DWKH[LV WKH HPRWLRQ PHFKDQLVP LQ ,'$ LV WLJKWO\ LQWHUZRYHQ LQWR WKH
FRGHOHWV QRGHV IRU 9HODVTXH]  RI WKH YDULRXV V\VWHPV  7KLV LQWHUFRQQHFWHGQHVV
DIIHFWV WKH EHKDYLRU RI WKHVH V\VWHPV GLIIHUHQWO\ KRZHYHU EHFDXVH RI WKH QDWXUH RI
WKH LPSOHPHQWDWLRQV  ,Q ,'$ IRU H[DPSOH ZH XVH D GLIIHUHQW PHFKDQLVP IRU
SHUFHSWLRQWKDQZHGRIRUDFWLRQVHOHFWLRQ7KLVPHDQVWKDWWKHWZRPRGXOHVFDQQRW
GLUHFWO\ ³WDON´ WR HDFK RWKHU DQG PXVW SDVV LQIRUPDWLRQ WKURXJK WKH IRFXV  7KH
HPRWLRQPHFKDQLVPSURYLGHVDGLUHFWZD\IRUVHSDUDWHPRGXOHVWRDIIHFWHDFKRWKHU¶V
RSHUDWLRQ  )RU &0DWWLH HPRWLRQV DIIHFW WKH EHKDYLRU RI WKH V\VWHP WKURXJK WKH
DFWLYDWLRQRIDSSURSULDWHGULYHVZKLFKLQWXUQHIIHFWWKHDFWLYDWLRQOHYHORIEHKDYLRUV
LQWKHEHKDYLRUQHW
$QRWKHU GLIIHUHQFH EHWZHHQ WKHVH V\VWHPV LQYROYHV WKH ZD\ WKDW HPRWLRQV DUH
UHPHPEHUHG,Q,'$WKHHPRWLRQYHFWRUFDQEHUHPHPEHUHGLQDVVRFLDWLYH 6SDUVH
'LVWULEXWHG DQGFDVHEDVHGPHPRU\7KLVVWRUHVWKHFXUUHQWVWDWHRIWKHYHFWRUDORQJ
ZLWKWKHVWDWHRIWKHIRFXVDQGWKHEHKDYLRUFKRVHQIRUDFWLYDWLRQ,WLVLPSRUWDQWWR
QRWHWKDWWKLVDVVRFLDWHVWKHZKROHYHFWRUZLWKWKH VWDWHRIWKHV\VWHPDWDSDUWLFXODU
WLPH LW GRHV QRW DVVRFLDWH WKH FKDQJH LQ WKH HPRWLRQ YHFWRU ZLWK WKH HOHPHQW WKDW
WULJJHUHGWKDWFKDQJH,'$FDQDOVRUHPHPEHUHPRWLRQDODFWLYDWLRQZKHQLQGLYLGXDO
HPRWLRQWULJJHUVEHFRPHDVVRFLDWHGZLWKWKHLUHIIHFWVRYHUWLPHYLDWKHOLQNVEHWZHHQ
HPRWLRQFRGHOHWVDQGRWKHUFRGHOHWVWKDWWHQGWREHDFWLYHDWWKHVDPHWLPH
%RWK &DQDPHUR DQG 9HODVTXH]¶V ZRUN VKDUHV ZLWK RXU PHFKDQLVP WKH DVSHFW RI
XVLQJ HPRWLRQV WR ELDV WKH RWKHU FRJQLWLYH HOHPHQWV RI WKH V\VWHP  7KLV IXQFWLRQ
VHUYHV WZR SXUSRVHV WKH ILUVW EHLQJ WKH DELOLW\ WR DVVLVW FRJQLWLYH MXGJHPHQWV E\
SURYLGLQJ D SULPLQJ IRU SDWKV WKDW OHDG WR HPRWLRQDOO\ GHVLUDEOH RXWFRPHV  7KH
VHFRQGSXUSRVHLVWKHDELOLW\WRIDFLOLWDWHGHIDXOWUHVSRQVHVWRSHUFHSWLRQVRUVWLPXOLWR
ZKLFK WKH FRJQLWLYH PHFKDQLVPV KDYH QRW \HW EHHQ DEOH WR UHDFW ,Q ERWK FDVHV WKH
HPRWLRQVFDQEHYLHZHGDVWHOOLQJWKHDJHQWKRZZHOOLW¶VGRLQJ



&RQFOXVLRQ

,Q OLJKW RI FRQWLQXLQJ GHYHORSPHQWV LQ WKH ILHOG RI HPRWLRQ UHVHDUFK DQG IXQFWLRQDO
JDSVLQWKHHPRWLRQDODUFKLWHFWXUHIRU&0DWWLHPRGLILFDWLRQVWRWKLVDUFKLWHFWXUHKDYH
EHHQ GHVFULEHG IRU XVH LQ ,'$ ,W LV QRW \HW NQRZQ VLQFH ,'$ LV QRW \HW IXOO\
LPSOHPHQWHG KRZ WKHVH HQKDQFHPHQWV ZLOO XOWLPDWHO\ DIIHFW WKH RSHUDWLRQ RI WKH
V\VWHP7KLV QHZDUFKLWHFWXUH ZLOO SURYLGH ,'$ ZLWK DQ HPRWLRQDO PHFKDQLVP WKDW
PRUH FORVHO\ UHVHPEOHV WKDW RI KXPDQV  7KHVH PHFKDQLVPV DUH PRUH FORVHO\
LQWHJUDWHG ZLWK WKH ³FRQVFLRXVQHVV´ PHFKDQLVP DQG FRQQHFWHG WR DOO RI WKH PDMRU
SDUWV RI WKH V\VWHP LQ D ELGLUHFWLRQDO PDQQHU 7KXV HPRWLRQV ZLOO DIIHFW DQG EH
DIIHFWHG E\ HVVHQWLDOO\ DOO RI WKH DJHQW¶V GLVSDUDWH FRJQLWLYH SURFHVVHV )RU WKLV
UHDVRQ HPRWLRQV ZLOO SOD\ D UROH LQ HVVHQWLDOO\ DOO FRJQLWLYH DFWLYLW\ LQFOXGLQJ
SHUFHSWLRQ PHPRU\ ³FRQVFLRXVQHVV´ DFWLRQ VHOHFWLRQ OHDUQLQJ DQG PHWDFRJQLWLRQ

$Q(PRWLRQ%DVHG³&RQVFLRXV´6RIWZDUH$JHQW$UFKLWHFWXUH

DQG ZLOO SURYLGH D FRPPRQ FXUUHQF\ DPRQJ WKH VHYHUDO PRGXOHV RI WKH DJHQW
DUFKLWHFWXUH7KHVHFRQQHFWLRQVZLOODOVRDOORZIRUWKHOHDUQLQJRIFRPSOH[HPRWLRQV
WKURXJKWKHUHILQHPHQWRYHUWLPHRIWKHZHLJKWVRQWKHOLQNV
)LQDOO\ PXVWDV\VWHP KDYHHPRWLRQVIRULQWHOOLJHQFH"7KHVDPHTXHVWLRQ FRXOG
EH DVNHG RI DOPRVW DQ\ RWKHU IXQFWLRQ RI WKH EUDLQ  0XVW D V\VWHP KDYH VLJKW
SDUWLFXODUUHDFWLYHPRGXOHVRUPHWDFRJQLWLRQ"7KHUHLVSUREDEO\QRUHTXLUHPHQWIRU
DQ\ RQH SDUWLFXODU SLHFH RU IXQFWLRQ DW WKLV VSHFLILF OHYHO  $OWKRXJK D V\VWHP PD\
H[KLELWPRUHLQWHOOLJHQFHZLWKWKHDGGLWLRQRIHPRWLRQVLWLVSUREDEO\QRWDQHFHVVDU\
FRPSRQHQW:LWKWKDWVDLGZHVWLOOEHOLHYHWKDWWKHDGGLWLRQRIHPRWLRQVWRDV\VWHP
FDQ EH YHU\ XVHIXO ERWK IRU LQWHUDFWLQJ ZLWK HPRWLRQDO KXPDQV DQG IRU WKH
HQKDQFHPHQWRIFRJQLWLYHDELOLWLHV
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 /H'RX[ - ( DQG +LUVW :  0LQG DQG %UDLQ 'LDORJXHV LQ &RJQLWLYH
1HXURVFLHQFH&DPEULGJH&DPEULGJH8QLYHUVLW\3UHVV
 0DHV3+RZWRGRWKHULJKWWKLQJ&RQQHFWLRQ6FLHQFH
 0LQVN\07KH6RFLHW\RI0LQG1HZ<RUN6LPRQ 6FKXVWHU
 0F&DXOH\7/DQG6)UDQNOLQ$Q$UFKLWHFWXUHIRU(PRWLRQ$$$,)DOO
6\PSRVLXP(PRWLRQDODQG,QWHOOLJHQW7KH7DQJOHG.QRWRI&RJQLWLRQ$$$,
2UODQGR)/
 1HJDWX$ DQG 6)UDQNOLQ  %HKDYLRUDO OHDUQLQJ IRU DGDSWLYH VRIWZDUH
DJHQWV ,QWHOOLJHQW 6\VWHPV ,6&$ WK ,QWHUQDWLRQDO &RQIHUHQFH ,QWHUQDWLRQDO
6RFLHW\ IRU &RPSXWHUV DQG 7KHLU $SSOLFDWLRQV  ,6&$ 'HQYHU &RORUDGR -XQH

 3LFDUG5$IIHFWLYH&RPSXWLQJ&DPEULGJH0$7KH0,73UHVV
 5ROOV(77KH%UDLQDQG(PRWLRQ2[IRUG2[IRUG8QLYHUVLW\3UHVV
 6ORPDQ$  0RWLYHV 0HFKDQLVPV (PRWLRQV &RJQLWLRQ DQG (PRWLRQ
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$UFKLWHFWXUH
 9HODVTXH]H -  0RGHOLQJ (PRWLRQV DQG 2WKHU 0RWLYDWLRQV LQ 6\QWKHWLF
$JHQWV,Q3URFHHGLQJVRI$$$,
 9HOiVTXH] -  :KHQ 5RERWV :HHS (PRWLRQDO 0HPRULHV DQG 'HFLVLRQ
0DNLQJ ,Q 3URFHHGLQJV RI WKH )LIWHHQWK 1DWLRQDO &RQIHUHQFH RQ $UWLILFLDO
,QWHOOLJHQFH0HQOR3DUN&$$$$,3UHVV
 :DWW'  (PRWLRQ DQG &RQVFLRXVQHVV ,PSOLFDWLRQV RI $IIHFWLYH
1HXURVFLHQFH IRU ([WHQGHG 5HWLFXODU 7KDODPLF $FWLYDWLQJ 6\VWHP 7KHRULHV RI
&RQVFLRXVQHVVKWWSZZZSKLOYWHGX$66&HVHPKWPO2Q/LQH:HE6HPLQDU
DWWKH$VVRFLDWLRQIRUWKH6FLHQWLILF6WXG\RI&RQVFLRXVQHVV
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$EVWUDFW,QDPXOWLDJHQWV\VWHPDJHQWVPXVWGHFLGH ZKDWWRGRDQG
E\ ZKDWRUGHU$XWRQRP\LVDNH\ QRWLRQLQVXFKDV\VWHPVLQFHLWLV
PDLQO\ WKH DXWRQRP\ RI WKH DJHQWV WKDW PDNHV WKH HQYLURQPHQW
XQSUHGLFWDEOH DQG FRPSOH[ )URP D XVHU VWDQGSRLQW DXWRQRP\ LV
HTXDOO\LPSRUWDQWDVDQLQJUHGLHQWWKDWKDVWREHXVHGZLWKSDUVLPRQ\
WRRPXFKOHDGVWRDJHQWV IXOILOOLQJWKHLURZQ JRDOVLQVWHDGRI WKRVH RI
WKH XVHU WRR OLWWOH UHQGHUV DJHQWV WKDW DUH WRR GHSHQGHQW XSRQ XVHU
FRPPDQGV DQG FKRLFHV IRU WKHLU H[HFXWLRQ $XWRQRP\ KDV D UROH LQ
GHFLGLQJ ZKLFK DUH WKH QHZ JRDOV RI WKH DJHQW DQG LW KDV DQRWKHU LQ
FKRRVLQJZKLFKRIWKHDJHQW¶VJRDOVDUHJRLQJWREHDGGUHVVHGQH[W:H
KDYHSURSRVHGWKH%9* %HOLHIV 9DOXHV *RDOV  DUFKLWHFWXUH ZLWK WKH
LGHD RI PDNLQJ GHFLVLRQV XVLQJ PXOWLSOH HYDOXDWLRQV RI D VLWXDWLRQ
WDNLQJWKHQRWLRQRIYDOXHDVFHQWUDOLQWKHPRWLYDWLRQDOPHFKDQLVPVLQ
WKH DJHQW¶V PLQG 7KH DJHQW ZLOO FRQVLGHU WKH VHYHUDO HYDOXDWLRQV DQG
GHFLGHLQDFFRUGDQFH ZLWKLWVJRDOVLQDUDWLRQDO IDVKLRQ ,Q WKLV SDSHU
ZHH[WHQGWKLVDUFKLWHFWXUHLQWKUHHGLIIHUHQWGLUHFWLRQVZHFRQVLGHUWKH
VRXUFH RI DJHQW¶V JRDOV ZH HQKDQFH WKH GHFLVLRQDO PHFKDQLVPV WR
FRQVLGHU D ZLGHU UDQJH RI VLWXDWLRQV DQG ZH LQWURGXFH HPRWLRQ DV D
PHWDOHYHOFRQWUROPHFKDQLVPRIWKHGHFLVLRQSURFHVVHV



,QWURGXFWLRQ

:H FRQVLGHU D VHWWLQJ LQ ZKLFK PXOWLSOH DJHQWV LQWHUDFW LQ D VKDUHG HQYLURQPHQW
8VXDOO\WKLVHQYLURQPHQWLVFRPSXWHUVLPXODWHG6RPHWLPHVLWLVVHOIFRQWDLQHGDQG
DJHQWV DUH XVHG LQ H[SHULPHQWV WR GUDZ FRQFOXVLRQV DERXW VRFLDOO\ UHOHYDQW
SKHQRPHQD LQ RWKHU FDVHV WKHUH LV D XVHU WR ZKRP WKH DJHQW UHVSRQGV WR DQG D
FHUWDLQDPRXQWRIVXEVHUYLHQFHLVH[SHFWHGIURPWKHDJHQW
:KLFKHYHU WKH FRPSOH[LW\ RI DJHQWV WKH\ PXVW SRVVHVV D GHFLVLRQ FRPSRQHQW
(YHQ D FRPSLOHWLPH SUHVSHFLILHG DJHQW ZLOO EH RI OLWWOH XVH LI LW LV QRW UHDG\ IRU D
FHUWDLQH[WHQWRIQRQIRUHFDVWSRVVLELOLWLHV$VWKHHQYLURQPHQWJHWVPRUHGHPDQGLQJ
LQ WHUPV RI XQSUHGLFWDELOLW\ DW OHDVW D SULRUL XQSUHGLFWDELOLW\  PRUH FRPSOH[ VKRXOG
RXU DJHQW EH LQ ZKDW UHVSHFWV WR GHFLVLRQ IOH[LELOLW\ 7KH GHVLJQHU PXVW KDYH WKH
PHDQVWRVSHFLI\ZKDWLVH[SHFWHGIURPWKHDJHQWHYHQLQDQHZHQYLURQPHQWVKHKDV
QHYHUFRQVLGHUHG:LWKWKHDGYHQWRIPRELOHFRPSXWDWLRQDQG KXJHYDULHGDUWLILFLDO
$03DLYD (G $IIHFWLYH,QWHUDFWLRQV/1$,SS
©6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ

/XLV$QWXQHVDQG+HOGHU&RHOKR

HQYLURQPHQWV VXFKDVWKHLQWHUQHW ZHKDYHWRHQKDQFHRXUDJHQWVZLWKDXWRQRPRXV
GHFLVLRQVNLOOV
7KHUHLVDVWURQJDQGLQWHUWZLQHGUHODWLRQEHWZHHQWKHGHFLVLRQ HVSHFLDOO\FKRLFH
DQG HPRWLRQDO PHFKDQLVPV FI >@ DQG WKH DUFKLWHFWXUH SURSRVHG LQ >@  ,Q WKLV
SDSHU ZH ZLOO SUHVHQW DQ HQKDQFHG RYHUDOO GHFLVLRQ PHFKDQLVP WKDW LV DEOH WR
LQFRUSRUDWH WKLV QHVWHG UHODWLRQ 2XU DFFRXQW RI HPRWLRQV DV PHWDOHYHO FRQWURO
LQIOXHQFHVRYHUWKHGHFLVLRQPDFKLQHU\LV\HWSUHOLPLQDU\WKHGHFLVLRQVSURGXFHGE\
RXU SUHYLRXV PRGHO DUH WRR FOHDQ HPRWLRQIUHH 7KLV SDSHU LV DOVR WKH WHQWDWLYH
DQVZHU WR D FKDOOHQJH DERXW KRZ HPRWLRQV LQIOXHQFH RXU ZKROH OLIH 2XU DQVZHU
IROORZVWKHLGHDVRI>@YDOXHVDUHLQFKDUJHRIILOWHULQJFDQGLGDWHVIRUODWHUGHFLVLRQ
WDNLQJHPRWLRQVFRQWUROWKHRYHUDOOGHFLVLRQPDFKLQHU\


'HFLVLRQVDQG5DWLRQDO$JHQWV

:KHQ FRQIURQWHG ZLWK D GHFLVLRQ VLWXDWLRQ DQ DJHQW LV GHILQHG DV UDWLRQDO LI KH
GHFLGHVLQVXFKDZD\WKDWSXUVXHVKLVVHOILQWHUHVW$FODVVLFDOZD\RIGHILQLQJVHOI
LQWHUHVWLVE\DGRSWLQJXWLOLW\WKHRU\>@WKDWUHTXLUHVWKHDJHQWWRNQRZLQDGYDQFH
DOO SRVVLEOH VLWXDWLRQV DQG EH SUHSDUHG WR H[SUHVV KLV SUHIHUHQFH EHWZHHQ DQ\ WZR
VWDWHVRIWKHZRUOG1RWRQO\GRWKHVHFRQGLWLRQVVHHPGLIILFXOWWREHIXOILOOHGEXWDOVR
WKLVWKHRU\OHDGVWRLQWHUHVWLQJGHFLVLRQSDUDGR[HVWKDWVKRZLWVOLPLWDWLRQV>@
$Q DWWHPSW WR HVFDSH IURP WKLV NLQG RI ERXQGHG UDWLRQDOLW\ ZDV WKH %', %HOLHI
'HVLUH,QWHQWLRQ DJHQWPRGHO>@+HUHFRPPLWPHQWWRSDVWGHFLVLRQVLVXVHGDVD
ZD\WRGHFUHDVHWKHFRPSOH[LW\RIGHFLVLRQVVLQFHFRPPLWWHGLQWHQWLRQVFRQVWUDLQWKH
SRVVLELOLWLHV IRU WKH IXWXUH DQG DUH RQO\ DEDQGRQHG ZKHQ IXOILOOHG RU EHOLHYHG
LPSRVVLEOHWRIXOILO7KHSUHIHUHQFHVRIWKHDJHQWVDUHUHSUHVHQWHGE\WKHLUGHVLUHVDQG
WKHVHZLOOEHWUDQVIRUPHGLQLQWHQWLRQVWKURXJKDGHOLEHUDWLRQSURFHVV
6LPRQ>@SURSRVHGWKHLGHDRIDVSLUDWLRQOHYHOVDORQJPXOWLSOHQRQFRPSDUDEOH
GLPHQVLRQV WKDW FKDUDFWHULVH D GHFLVLRQ SUREOHP $VSLUDWLRQV DUH WKH PLQLPXP
VWDQGDUGV VRPH VROXWLRQ PXVW PHHW LQ RUGHU WR EH DGRSWHG 7KH DJHQW DGRSWV DQG
VHOHFWVIRUH[HFXWLRQWKHILUVWVROXWLRQWKDWPHHWVDOORIWKHDVSLUDWLRQOHYHOV


$JHQWVZLWK9DOXHV

,Q D VLPLODU OLQH RI UHDVRQLQJ ZH KDYH DGGUHVVHG WKH LVVXH RI FKRLFH DV RQH RI WKH
FHQWUDOFRPSRQHQWVLQWKHDJHQW¶VGHFLVLRQPDFKLQHU\>@:HKDYHSURSRVHGWKH
XVHRIPXOWLSOHYDOXHVWRDVVHVVDGHFLVLRQ VLWXDWLRQ $ YDOXH LVDGLPHQVLRQDJDLQVW
ZKLFKDVLWXDWLRQFDQEHHYDOXDWHG%\GLPHQVLRQZHPHDQDQRQHPSW\VHWHQGRZHG
ZLWK DQ RUGHU UHODWLRQ 0RVW LQWHUHVWLQJ VLWXDWLRQV IURP WKH GHFLVLRQ VWDQGSRLQW ZLOO
KDYH VHYHUDO VXFK GLPHQVLRQV DQG VR PRVW GHFLVLRQV DUH EDVHG RQ PXOWLSOH
HYDOXDWLRQV RI WKH VLWXDWLRQ DQG DOWHUQDWLYH FRXUVHV RI DFWLRQ 7KH DJHQW¶V FKRLFH
PDFKLQHU\EHFRPHVPRUHFOHDUDVDJHQWVH[SUHVVWKHLUSUHIHUHQFHVWKURXJKWKHXVHRI
WKLV PXOWLSOH YDOXH IUDPHZRUN &KRLFH LV SHUIRUPHG E\ FROODSVLQJ WKH YDULRXV
DVVHVVPHQWV LQWR D FKRLFH IXQFWLRQ WKDW FDQQRW EH FRQVLGHUHG HTXLYDOHQW WR D XWLOLW\
IXQFWLRQVLQFHLWLVFRPSXWHGLQH[HFXWLRQWLPH7KH PXOWLSOH YDOXHVIUDPHZRUN ZH
GHIHQGFDQHQFRPSDVV6LPRQ¶VDVSLUDWLRQOHYHOVEXWLWLVPRUHJHQHUDODOORZLQJIRU

5HGHVLJQLQJWKH$JHQWV¶'HFLVLRQ0DFKLQHU\

IXUWKHU IOH[LELOLW\ DV LV VKRZQ LQ >@ ,Q >@ ZH SUHVHQW DQ H[DPSOH RI WKH XVH RI
YDOXHVLQDGHFLVLRQSUREOHPLPDJLQHVRPHRQHZDQWVWRVROYHVRPHWURXEOHZLWKKLV
FRPSXWHU 7KHUH DUH VHYHUDO ZD\V RI DFKLHYLQJ WKLV JRDO :H VKRZ KRZ D YDOXH
HQGRZHGDJHQWZRXOGVXFFHVVLYHO\WU\WRGRWKLVJLYHQVHYHUDOIDLOXUHVFHQDULRVDQG
XVLQJDVYDOXHVWKHSUREDELOLW\RIVXFFHVVRIDJLYHQDFWLRQWKHOHYHORISDWLHQFH RI
RXU DJHQW WKH SUHGLFWHG WLPH GHOD\ RI WKH DFWLRQ WR SHUIRUP DQG WKH GHJUHH RI
GHSHQGHQFHIURPRWKHUDJHQWVHDFKDFWLRQLPSOLHV
7KH FRH[LVWHQFH RI WKHVH YDOXHV LQ PLQG IXUWKHU DOORZV WKH HQKDQFHPHQW RI WKH
DGDSWDELOLW\ GHFLVLRQ FDSDELOLWLHV E\ IHHGLQJ EDFN DVVHVVPHQWV RI WKH TXDOLW\ RI WKH
SUHYLRXVGHFLVLRQLQWRWKHDJHQW¶VGHFLVLRQSURFHVV2XUDJHQWV¶GHFLVLRQV QR ORQJHU
GHSHQG VROHO\ RQ WKH SDVW HYHQWV DV NQRZQ DW GHVLJQ WLPH ,QVWHDG HYHQWV DUH
LQFRUSRUDWHGLQWRWKHGHFLVLRQPDFKLQHU\DVWLPHSDVVHVDQGWKHFRPSRQHQWVRIWKRVH
SURFHVVHVHYROYHFRQWLQXRXVO\WREHDJJUHJDWHGMXVWZKHQDGHFLVLRQLVQHHGHG7KLV
LVGRQHE\IHHGLQJEDFNHYDOXDWLYHLQIRUPDWLRQDERXWWKHUHVXOWVRIWKHGHFLVLRQWDNHQ
E\WKHDJHQW,Q>@WKLVDVVHVVPHQWRI WKHUHVXOWVRI WKHGHFLVLRQZDVGRQHE\XVLQJ
VRPH PHDVXUH RI JRRGQHVV DQ DEVWUDFW KLJKHU YDOXH  :H DOVR VXJJHVWHG RWKHU
DOWHUQDWLYHVVXFKDVWKHDJHQW¶VRZQYDOXHVRUWKHGHVLJQHU¶VYDOXHV ZKLFKDPRXQWV
WR ORRNLQJ IRU HPHUJHQW IHDWXUHV LQ WKH DJHQW¶V EHKDYLRXU WKDW LV DJHQWV GHFLGH E\
XVLQJVRPHV\VWHPRIYDOXHVEXWWKHGHVLJQHULVLQWHUHVWHGLQZKDWKDSSHQVWRDQRWKHU
VHWRIYDOXHVWRZKLFKWKHDJHQWVGRQRWKDYHDFFHVV (YHQLQWKHVLPSOHVWYHUVLRQ
WKHSRZHURIDGDSWDELOLW\VKRZQE\WKLVVFKHPDVXUSDVVHVE\IDUWKDWRIFKRLFHEDVHG
RQWKHPD[LPLVDWLRQRIH[SHFWHGXWLOLW\,WLVHQRXJKWRUHPHPEHUWKHGHPDQGVPDGH
RQWKHDJHQWVE\XWLOLW\WKHRU\WKH\PXVWNQRZLQDGYDQFHDOODYDLODEOHDOWHUQDWLYHV
DQGSUHIHUHQFHVEHWZHHQDQ\WZRRIWKHP>@


2YHUYLHZRIWKH3DSHU

,QWKLVSDSHUZHH[SDQGRQWKHIXQFWLRQDOLW\RIWKH%9*DUFKLWHFWXUHE\FRQVLGHULQJ
WZR LPSRUWDQW H[WHQVLRQV )LUVW WKH GHFLVLRQ PHFKDQLVP LV HQKDQFHG WR FRSH ZLWK
PRUH FRPSOH[ VLWXDWLRQV 6HFRQG WKH DJHQW KDV WR GHFLGH LQ DEVHQFH RI DOO WKH
UHOHYDQWHYDOXDWLRQV2QWKHRWKHUKDQGWKHVRXUFHRIWKHDJHQW¶VJRDOVLVDGGUHVVHGLQ
WKH OLJKW VKHG E\ WKH PXOWLSOH YDOXHV IUDPHZRUN YDOXHV JXLGH DGRSWLRQ DQG
JHQHUDWLRQ RI JRDOV E\ SURYLGLQJ WKH UHVSHFWLYH PHFKDQLVPV ZLWK UHDVRQV DQG
MXVWLILFDWLRQV)LQDOO\ZHWDFNOHWKHJOREDOLVVXHRIFRQWUROQDPHO\KRZGRHPRWLRQV
LQIOXHQFH EHKDYLRXU :H DUH OHVV LQWHUHVWHG LQ H[WHUQDO PDQLIHVWDWLRQV RI HPRWLRQV
HJIDFLDOH[SUHVVLRQV WKDQLQWKHZD\VE\ZKLFKHPRWLRQDOOLIHLQWHUQDOO\JXLGHVWKH
SURFHVVRIGHFLVLRQPDNLQJ LQWHUPVRI>@WKHVRFDOOHGµVHFRQGDU\HPRWLRQV¶ 
,QVHFWLRQZHZLOODGGUHVVWKHQRWLRQRIDXWRQRP\DQGUHODWHLWZLWKWKHDJHQW¶V
VHOILQWHUHVW,QVHFWLRQZHEULHIO\SUHVHQWWKH%9*DJHQWDUFKLWHFWXUH,QVHFWLRQ
ZHH[SDQGRQWKHXVHRIYDOXHVWRHQKDQFHDXWRQRP\LQWKHGHFLVLRQSURFHVV9DOXHV
LOOXPLQDWHWKHDJHQW¶VVRXUFHDQGFKRLFHRIJRDOVE\GHILQLQJWKHDJHQW¶VFKDUDFWHU,Q
VHFWLRQ  ZH UHDGGUHVV WKH LVVXH RI FKRLFH RYHUFRPLQJ VRPH OLPLWDWLRQV RI WKH
SUHYLRXV%9*LPSOHPHQWDWLRQ,QVHFWLRQZHVKRZKRZWRH[SORLWWKHDGYDQWDJHVRI
WKHPXOWLSOHYDOXHVIUDPHZRUNLQJRDODGRSWLRQ6HFWLRQH[SDQGVRQHPRWLRQGULYHQ
FRQWURO RI WKH GHFLVLRQ SURFHVV 6HFWLRQ  FRQFOXGHV E\ SRLQWLQJ RXW WKH PRVW
LPSRUWDQWFRQWULEXWLRQV

/XLV$QWXQHVDQG+HOGHU&RHOKR



3ULQFLSOHVIRU$XWRQRP\

6RFLDODXWRQRP\LVPHDQLQJIXOIRUXVEHFDXVHZHZDQWWRFRQVLGHUDJHQWVLQVHUWHGLQ
VRFLHWLHVFKDUDFWHULVHGE\FRPSOH[ G\QDPLF HQYLURQPHQWV $JHQWV ZLOO KDYH WR WDNH
LQWRDFFRXQWWKHLUSDVWKLVWRULHVDVZHOODVVKRZLQLWLDWLYHDQGUHDFWLYLW\LQRUGHUWR
PDNH GHFLVLRQV LQ SRVVLEO\ GLIILFXOW VLWXDWLRQV 7KHVH FDQ LQFOXGH XQNQRZQ
LQIRUPDWLRQ XQNQRZQ VRFLDO SDUWQHUV DQG HYHQ XQNQRZQ HQYLURQPHQWV $XWRQRP\
FDQEHFRQVLGHUHGIURPVHYHUDOVWDQGSRLQWV&DVWHOIUDQFKL>@FODLPVWKDWDXWRQRP\
LV D UHODWLRQDO FRQFHSW PDLQO\ D VRFLDO FRQFHSW DQ DJHQW LV DXWRQRPRXV MXVW LQ
UHODWLRQ WR WKH LQIOXHQFH RI RWKHU DJHQWV  DQG OLVWV YDULRXV W\SHV RI DXWRQRP\ DV
IROORZV
•H[HFXWLYH PHDQV  DXWRQRP\ DQ DJHQW LV DXWRQRPRXV UHODWLYH MXVW WR WKH
PHDQV LQVWUXPHQWDOVXEJRDOV QRWWRWKHHQGV,WFRXOGLPSO\VRPHOHYHORI
GHFLVLRQ FKRLFHDPRQJPHDQV SODQQLQJSUREOHPVROYLQJHWF
•DXWRQRP\ IURP VWLPXOL WKH DJHQW¶V EHKDYLRXU VKRXOG EH LQIOXHQFHG E\
H[WHUQDOVWLPXOLEXWQRWGHWHUPLQHGRULPSRVHGE\WKHP%HKDYLRXUKDVQR
FDXVHVEXWUHDVRQVPRWLYHV
,QFRJQLWLYHV\VWHPVDXWRQRP\LVJXDUDQWHHGE\³FRJQLWLYHPHGLDWLRQ´
•JRDOV DXWRQRP\ WKH V\VWHP KDV JRDOV RI LWV RZQ QRW UHFHLYHG IURP WKH
RXWVLGHDVFRPPDQGV
•EHOLHIDXWRQRP\DQDJHQWFRQWUROVLWVDFTXLVLWLRQRIEHOLHIV

%(/,()6

7RLQIOXHQFH

*2$/6

7R
FKDQJH
EHOLHIV

7R
FKDQJH
JRDOV

FRKHUHQFH
FUHGLELOLW\

 DV D IXQFWLRQ
RILWVRZQJRDOV

)LJ&DVWHOIUDQFKL¶V'RXEOH)LOWHU$UFKLWHFWXUH

7KHIROORZLQJSRVWXODWHVVNHWFKWKHSLFWXUHRIDVRFLDOO\DXWRQRPRXVDJHQWDQGLWV
UHODWLRQV HLWKHU ZLWK WKH RXWVLGH ZRUOG LQFOXGLQJ RWKHU DJHQWV  RU ZLWK LWV RZQ
PHQWDO VWDWHV DQG FRQWULEXWH WR WKH GHILQLWLRQ RI WKH GRXEOH ILOWHU DUFKLWHFWXUH
GHVFULEHG LQ >@ VHH ILJ  DQG FRPSDUH LW WR WKH RQH SURSRVHG LQ >@  2XU
DUFKLWHFWXUHEXLOGVRQWKHVHSRVWXODWHVVLQFHWKH\VROLGO\GUDZWKHEDVLFSLFWXUHRID
VHOILQWHUHVWHG DJHQW DQG RQH WKDW FRQWUROV LWV RZQ PHQWDO VWDWHV WKXV SURYLGLQJ D
XVHIXODQGDSSOLFDEOHFKDUDFWHULVDWLRQRIDXWRQRP\

5HGHVLJQLQJWKH$JHQWV¶'HFLVLRQ0DFKLQHU\

L  LWKDVLWVRZQJRDOVHQGRJHQRXVQRWGHULYHGIURPDQRWKHUDJHQW¶VZLOO
LL  LWLVDEOHWRPDNHGHFLVLRQVFRQFHUQLQJPXOWLSOHFRQIOLFWLQJJRDOV HLWKHULWV
RZQJRDOVRUDOVRJRDOVDGRSWHGIURPRXWVLGH 
LLL  LW DGRSWV JRDOV IURP RXWVLGH IURP RWKHU DJHQWV LW LV OLDEOH WR LQIOXHQFLQJ
«
LY  LWDGRSWVRWKHUDJHQWV¶JRDOVDVDFRQVHTXHQFHRIDFKRLFHDPRQJWKHPDQG
RWKHU JRDOV DGRSWLRQ LV WKXV QHLWKHU DXWRPDWLF QRU UXOHJRYHUQHG DQG LW LV
QRWVLPSO\UHTXLUHGWKDWWKHJRDOVVKRXOGQRWEHLQFRQVLVWHQWZLWKWKHFXUUHQW
RQHV 
Y  LWDGRSWVRWKHUDJHQWV¶JRDOVRQO\LILWVHHVWKHDGRSWLRQDVDZD\RIHQDEOLQJ
LWVHOIWRDFKLHYHVRPHRILWVRZQJRDOV LHWKHDXWRQRPRXVDJHQWLVDVHOI
LQWHUHVWHGDJHQW 
YL  LW LV QRW SRVVLEOH WR GLUHFWO\ PRGLI\ DJHQW¶V JRDOV IURP RXWVLGH DQ\
PRGLILFDWLRQRILWVJRDOVPXVWEHDFKLHYHGE\PRGLI\LQJLWVEHOLHIV
YLL  LWLVLPSRVVLEOHWRFKDQJHDXWRPDWLFDOO\WKHEHOLHIVRIDQDJHQW7KHDGRSWLRQ
RIDEHOLHILVDVSHFLDO³GHFLVLRQ´WKDWWKHDJHQWWDNHVRQWKHEDVLVRIPDQ\
FULWHULDDQGFKHFNV7KLVSURWHFWVLWVFRJQLWLYHDXWRQRP\
:H VKRXOG QRWLFH WKDW WKLV YHUVLRQ RI &DVWHOIUDQFKL¶V DUFKLWHFWXUH GRHV QRW WDNH
HPRWLRQVLQWRDFFRXQW EXWFI&DVWHOIUDQFKL¶VDGGUHVVLQ>@ 



7KH%9*$UFKLWHFWXUH

:KLOH IROORZLQJ WKH SULQFLSOHV RI WKH GRXEOH ILOWHU DUFKLWHFWXUH OHW XV GUDZ D QHZ
DJHQWFRJQLWLYHDUFKLWHFWXUHWKDWLQFRUSRUDWHVWKHLGHDRIPXOWLSOHYDOXHV ILJ DQG
GRHV QRW LQFOXGH HPRWLRQV 7KLV QHZ VNHWFK H[SDQGV RQ WKH RQH SUHVHQWHG LQ >@
ZKHUH WKH SULPDU\ IRFXV ZDV ODLG RQ FKRLFH 1RZ ZH WXUQ RXU DWWHQWLRQ WRZDUGV
FRQWURO
:H FDQ VHH WKH H[HFXWLRQ F\FOH RI DQ DJHQW GLYLGHG LQ WKUHH SKDVHV SHUFHSWLRQ
GHOLEHUDWLRQ DQG H[HFXWLRQ RI DQ DSSURSULDWH DFWLRQ 7KLV GHVFULSWLRQ LV D FUXGH
VLPSOLILFDWLRQ RI D PXFK PRUH FRPSOH[ SURFHVV LQYROYLQJ VHYHUDO SDUDOOHO WKUHDGV
ZLWKLQWULFDWHUHODWLRQVDPRQJWKHP)RULQVWDQFHWKHSHUFHSWLRQLVFOHDUO\JXLGHGE\
WKH DJHQW¶V FXUUHQW IRFXV RI DWWHQWLRQ ZKLFK FDQQRW EH GLVVRFLDWHG IURP LWV RZQ
PRWLYDWLRQV ,I VRPH UHOHYDQW IHDWXUH DOWHUDWLRQ LV GHWHFWHG E\ WKH DJHQW LW PXVW EH
LPPHGLDWHO\WDNHQLQWRFRQVLGHUDWLRQHYHQLIWKHGHFLVLRQSURFHVVZKLFKLQFOXGHGWKH
SUHYLRXV YDOXH RI WKH IHDWXUH LV DOPRVW FRQFOXGHG :H FDQ¶W LPDJLQH WKDW WKH ZRUOG
ZLOOZDLWXQWLOZHWDNHRXUGHFLVLRQV%XWJHQHUDOO\ZHKDYHDQLGHDDERXWKRZPXFK
WLPH ZH FDQ XVH WR GHFLGH DQG KRZ VWDEOH DUH WKH EHOLHIV XSRQ ZKLFK ZH EDVH RXU
GHFLVLRQV>@
7R VWDUW ZLWK ZH SURSRVH DV D UHIHUHQFH D VFKHPD RI GHFLVLRQ ZKLFK LQFOXGHV
JRDOV FDQGLGDWH DFWLRQV WR EH FKRVHQ IURP EHOLHIV DERXW VWDWHV RI WKH ZRUOG DQG
YDOXHVDERXWVHYHUDOWKLQJVLQFOXGLQJGHVLUDELOLW\RIWKRVHVWDWHV7KLVLVEHFDXVHZH
GRQ¶W ZDQW WR RYHUORDG WKH DUFKLWHFWXUH ZLWK WRR PDQ\ LQJUHGLHQWV DQG UHODWHG
PHFKDQLVPV,WLVSUHIHUDEOHWRNHHSWKLQJVPDQDJHDEOHDQGVHHKRZIDUZHFDQJR
'HFLVLRQ LV D FRPSOH[ PXOWLVWDJHG SURFHVV LQ DQ DJHQW¶V PLQG 2QH VWDJH GHDOV
ZLWKWKHRULJLQRIJRDOV$JHQWVFDQHLWKHUDGRSWJRDOVIURPRWKHUDJHQWVRUJHQHUDWH
JRDOV LQWHUQDOO\ DV D UHVXOW RI LQWHUQDO SURFHVVHV ,Q DQRWKHU VWDJH JRDOV DUH

/XLV$QWXQHVDQG+HOGHU&RHOKR

FRQVLGHUHGDJDLQVWRWKHUREMHFWV LQ WKH DJHQW¶V PLQG VXFK DV EHOLHIV ZKLFK LQFOXGH
SODQV DERXW WKHLU IHDVLELOLW\  DQG FODVVLILHG DFFRUGLQJO\ )RU LQVWDQFH ZH FDQ KDYH
VXVSHQGHGJRDOVDFWLYHJRDOVHWF)LQDOO\ DPRQJ WKH DFWLYH JRDOV WKH DJHQW KDV WR
VHULDOLVHWKHP LQWRH[HFXWLRQ7KLVLVWKHFKRLFH SKDVH ZKLFK ZH KDYH DGGUHVVHG LQ
SUHYLRXV SDSHUV DQG ZLOO H[SDQG IXUWKHU KHUHLQ 2QH ZD\ RI DFKLHYLQJ WKLV ZLWKRXW
RYHUGHWHUPLQLQJ WKH EHKDYLRXU RI WKH DJHQW DQG HYHQ VR UHGXFLQJ WKH GHOLEHUDWLRQ
WLPHZRXOGEHWRKDYHVHYHUDOSDUWLDORUGHUHGVHWVRIDFWLRQVDQGFRPSXWLQJWKHILQDO
RUGHURQO\ZKHQWKHPRPHQWDUULYHV

)LJ7KH%9*DUFKLWHFWXUH

7KH%9*DUFKLWHFWXUHLQWURGXFHGLQ>@SDLGVSHFLDODWWHQWLRQWRFKRLFH1RZLWLV
WLPH WR JHW WKH ZKROH RI WKH DJHQW¶V GHFLVLRQ PDFKLQHU\ LQ FRQWH[W DQG FRQVLGHU D
EURDGHUSLFWXUH7KHUROHRIEHOLHIVDQGJRDOVLQDQDUFKLWHFWXUHVXFKDVWKHDERYHKDV
EHHQWKRURXJKO\H[DPLQHGLQWKHOLWHUDWXUH>@7KHUROHRIYDOXHVZDVDGGUHVVHG
LQ>@DQGIXUWKHUFOHDUHGKHUH7KHELJJHVWFKDOOHQJHLQ%9*QRZDGD\VUHPDLQV
WREHFRQWURO,QILJFRQWUROPHFKDQLVPVZUDSWKHZKROHRIWKHDUFKLWHFWXUHWKLVLV
PHDQW WR UHSUHVHQW D OD\HU UHVSRQVLEOH IRU D ORW RI LPSRUWDQW PHFKDQLVPV LQ WKH
DJHQW¶VPLQG0DQ\RIWKHVHDUHFRJQLWLYHDORQJWKH%',WUDFN,Q>@DVHWRIIDFHWV
ZHUH LQFOXGHG DV FRQWURO PHFKDQLVPV RI WKH ZKROH DJHQW DUFKLWHFWXUH LPSRUWDQFH
XUJHQF\LQWHQVLW\DQGSHUVLVWHQFH2WKHUFRQWUROPHFKDQLVPVDUHDUJXDEO\HPRWLRQDO
>@ +RZHYHU WKH DVVRFLDWLRQ EHWZHHQ WKH UDWLRQDO DQG HPRWLRQDO LVVXHV LV VWLOO
XQFOHDU>@DQGRXUFRQMHFWXUHLV HPRWLRQV KDYH D GRPLQDQW UROH LQ FRQWUROOLQJ WKH
GHFLVLRQPDNLQJSURFHVV
$VH[SOLFLWO\GHSLFWHGLQ ILJ  FRQWURO PHFKDQLVPV DFW RYHU SHUFHSWLRQ DQG DOVR
DFWLRQ7KLVLVPHDQWWRUHSUHVHQWWKHP\ULDGRIFRQWUROLVVXHVLQYROYHGLQWKHVHWZR
DFWLYLWLHV7DNHDQDFWLRQWKDWZDV VFKHGXOHGWREHH[HFXWHG7KHUHDUHPDQ\ WKLQJV
WKDWFDQJRZURQJVRPHSHUKDSVIRUHFDVWVRPHFRPSOHWHO\QHZWRWKHDJHQW(YHQLI
HYHU\WKLQJJRHVZHOOFRQWUROFDQQRWUHVWIRUWKHUHFDQEHRSSRUWXQLWLHVWREHWDNHQ

5HGHVLJQLQJWKH$JHQWV¶'HFLVLRQ0DFKLQHU\

UHFRUGV WR EH PDGH HYDOXDWLRQV WR EH SHUIRUPHG DERXW KRZ ZHOO ZHUH H[SHFWDWLRQV
PHW:KDWNLQGRIPDFKLQHU\VKRXOGWKLVFRQWUROOD\HUSRVVHVVLQRUGHUWRGHFLGHRQO\
LI WKH DJHQW¶V UHDVRQLQJ VKRXOG RU QRW EH LQWHUUXSWHG DQG WKH LVVXH RI WKH FXUUHQW
DFWLRQEHUHFRQVLGHUHG"+RZPDQ\WKLQJVDUHWKHUHWRFRQWUROKRZPDQ\IHDWXUHVDUH
WKHUH WR EH H[DPLQHG WR VROYH VXFK D PHWDUHDVRQLQJ  SUREOHP > @" $ ORW RI
RWKHUUROHVRIFRQWURODUHOHIWLPSOLFLWLQILJ-XVWDVRYHUH[WHUQDODFWLRQVFRQWURO
PXVW EH H[HUWHG RYHU LQWHUQDO DFWLRQV VXFK DV GHGXFWLRQV FRQVWUDLQLQJV XSGDWHV
DFFHVVHV HWF 2QH SRVVLEOH VROXWLRQ ZDV VXJJHVWHG LQ >@ UHGXQGDQF\ :H GHIHQG
WKDWDJHQWVVKRXOGSHUIRUPUHGXQGDQWFDOFXODWLRQVDQGKDYHWULJJHUVWKDWDOORZQRUPDO
UHDVRQLQJWREHLQWHUUXSWHG/RRNEHORZ VHFWLRQ IRUDSRVVLEOHVXFKPHFKDQLVP
>@ SUHVHQWV VLPLODU LGHDV FRQFHUQLQJ FRQWURO ZKHQ WKH DXWKRUV GHIHQG WKH
PXOWLGLPHQVLRQDO PLQG WKH XQLGLPHQVLRQDO PLQG FRYHUV RQO\ WKH XVH RI XWLOLW\
IXQFWLRQV DQGSRVWXODWHWKHQHHGIRUDEDODQFHEHWZHHQDFWLRQLQWHUHVWVDQGKLJKOHYHO
QRUPDWLYHPRWLYHV,PDJLQHDQRWKHUVLWXDWLRQSXWIRUZDUGE\/H'RX[>@ZKHUHD
ERPELVLQYROYHGDQGSHRSOHDURXQGJHWLQWRSDQLFZLWKWHUULEOHIHDU:KDWLQIOXHQFH
GLG WKLV IHDU KDYH LQ WKH SHRSOH¶V GHFLVLRQ PDNLQJ" %HIRUH ZH IXUWKHU DGGUHVV WKH
DQVZHUWRWKLVTXHVWLRQOHWXVWDFNOHVRPHPRUHDUFKLWHFWXUDOLVVXHV



$XWRQRP\DQG&KDUDFWHU

$VZHKDYHVHHQLQ&DVWHOIUDQFKL¶VDQDO\VLVDXWRQRP\LVLQYROYHGLQDOORIWKHVWDJHV
RIGHFLVLRQ$QDJHQWWKDWJHQHUDWHVLWVRZQJRDOVLVFHUWDLQO\PRUHDXWRQRPRXVWKDQ
DQRWKHUWKDWGRHVQ¶W$IXUWKHUIODYRXURIDXWRQRP\LVWKHDELOLW\WRDGRSWJRDOVIURP
RWKHUDJHQWV
7KH VHOHFWLRQ RI WKH QH[W DFWLRQ WR EH H[HFXWHG UHVXOWV IURP VXFFHVVLYHO\
FRQVWUDLQLQJWKHVHWRIFDQGLGDWHVIRUJRDOV)ROORZLQJWKHSDWKLQILJZHVHHWKDW
IURP WKH VHW RI SRVVLEOH JRDOV ZH H[WUDFW WKH DFWXDO JRDOV HLWKHU E\ DGRSWLRQ RU E\
JHQHUDWLRQ $PRQJWKHVH VRPHDUHFRQVLGHUHGDFWLYH)RULQVWDQFHDJRDONQRZQWR
EH LPSRVVLEOH WR IXOILO FRXOG QRW EH FRQVLGHUHG DFWLYH 6RPH RI WKH DFWLYH JRDOV DUH
WKHQVHOHFWHGWREHH[HFXWHGDQGVRDUHVRUWHGDFFRUGLQJWRVRPHFULWHULD
6RZHKDYHWKUHHSURFHVVHVE\ZKLFKRXUDJHQWFRQVWUDLQVLWVVHWRIJRDOV7KH 
FUHDWLRQRIJRDOVLVWKHILUVWSKDVHLQFOXGLQJERWKDGRSWLRQDQGJHQHUDWLRQRIJRDOV
$IWHUWKDWWKH  VHOHFWLRQRIDFWLYHJRDOVRFFXUV)URPWKHDFWLYHJRDOVWKHDJHQW 
FKRRVHV WKH JRDOV WR EH H[HFXWHG 0RVW RI WKH OLWHUDWXUH RQ LQWHOOLJHQW DJHQWV RQO\
IRFXVRQWKHVHOHFWLRQSKDVHEHFDXVHLWLVWKHµFOHDQHVW¶RQHWKHPRVWWHFKQLFDORQH,W
LVSRVVLEOHWRDFFRPSOLVK DQ LQWHUHVWLQJ SHUIRUPDQFH OHYHO UHO\LQJ RQO\ RQ WHFKQLFDO
UHDVRQVWROLPLWWKHVHWRIJRDOVVXFKDVDGHGXFWLYHPDFKLQHU\ZLWKPRGXVSRQHQV
6HHIRULQVWDQFHWKH%', %HOLHI'HVLUHDQG,QWHQWLRQ DUFKLWHFWXUH>@8VXDOO\
WKH FKRLFH SKDVH LV HLWKHU QRW DGGUHVVHG RU LPSOHPHQWHG ZLWK YHU\ VLPSOH KHXULVWLF
VROXWLRQV VXFK DV XVLQJ VLPSOH XWLOLWLHV $OVR WKH FUHDWLRQ SKDVH PDQ\ WLPHV LV
RYHUVLPSOLILHGE\MXVWSRVWXODWLQJWKDWWKHRQO\VRXUFHRIJRDOVLVWKHDJHQW¶VXVHU
+RZHYHUZKHQZHZDQWWRGHILQHDXWRQRPRXVDJHQWVZHPXVWDGGUHVVDOORIWKHVH
SKDVHVZKLFKUDLVHVWKHLVVXHRIWKHDJHQW¶VFKDUDFWHU7KHFKDUDFWHUFDQEHGHILQHG
DVWKHVHWRIFROOHFWLYHTXDOLWLHVHVSHFLDOO\PHQWDODQGPRUDOWKDWGLVWLQJXLVKDSHUVRQ
RU HQWLW\ $XWRQRP\ LPSOLHV GLIIHUHQFH L H WKH DJHQWV VKRXOG EH IUHH WR GHFLGH

/XLV$QWXQHVDQG+HOGHU&RHOKR

GLIIHUHQWO\ IURP RQH DQRWKHU HYHQ LQ WKH VDPH VLWXDWLRQ 7KHUHIRUH DJHQWV FDQ KDYH
GLIIHUHQWFKDUDFWHUV(LWKHULQWKHFUHDWLRQ  RULQWKHFKRLFH  SKDVHVWKHUHDVRQV
FDQYDU\IURPDJHQWWRDJHQW,QWKH%9*DUFKLWHFWXUHLWLVLQWKLVWZRSKDVHVWKDWZH
FDQORFDWHWKHSHUVRQDOLW\WUDLWVWKDWGHILQHWKHFKDUDFWHU,QWKHFUHDWLRQSKDVHVRPH
DJHQWVZLOODGRSWJRDOVZKHUHDVRWKHUVGRQ¶WVRPHDJHQWVZLOO JHQHUDWHJRDOVLQRQH
ZD\ ZKLOH RWKHUV PD\ QRW JHQHUDWH JRDOV DW DOO DQG RQO\ REH\ JRDOV IURP WKHLU
FUHDWRU ,Q WKH FKRLFH SKDVH ZH ORRN DW GLIIHUHQW UDWLRQDOLWLHV LQ GLIIHUHQW DJHQWV
6RPHFKRLFHLVQRWQHFHVVDULO\LUUDWLRQDOMXVWEHFDXVHZHFDQQRWLGHQWLI\WKHUHDVRQV
WKDWOHGWRLW>@(YHQFRQVLGHULQJDJHQWVHQGRZHGZLWKWKHVDPHVHWRI JRDOVDQG
EHOLHIV WKHLU GLIIHUHQW VHWV RI YDOXHV VKRXOG EH HQRXJK WR SURGXFH GLIIHUHQWLDWHG
EHKDYLRXUV)RUH[DPSOHDVRFFHUURERWFDQGHFLGHWRVKRRWZHDNO\DWJRDOEHFDXVH
KH LV WRR FORVH WR WKH JRDONHHSHU DQG WKLQNV WKHUH¶V VRPH ULVN RI HQGDQJHULQJ KLP
)LQDOO\ WKH LQIOXHQFH HPRWLRQV H[HUW LQ GHFLVLRQ PDNLQJ FDQ DOVR EH WXQHG XS
GLIIHUHQWO\LQGLIIHUHQWFKDUDFWHUV6RPHDJHQWVZLOOEHEROGHURUPRUHWLPLGRUPRUH
ULVNDYHUVHHWF6XEVHTXHQWO\ FIVHFWLRQ ZHZLOOVHHKRZWKLVFDQEHDFKLHYHGLQ
%9*


*HQHUDWLRQDQG$GRSWLRQRI*RDOV

7KH VRXUFH RI JRDOV LV XVXDOO\ FRQVLGHUHG WR EH WKH GHVLJQHU RI WKH DJHQW DQG
DFTXLVLWLRQRIJRDOVLVGRQHRQFHDQGIRUDOOLQDQDSULRULIDVKLRQ7KLVLVFOHDUO\YHU\
OLPLWDWLYHLQZKDWFRQFHUQVDXWRQRP\$FTXLVLWLRQPHFKDQLVPVDUHQHFHVVDU\VRWKDW
WKHDJHQWVFDQSURILWIURPDOOSRVVLELOLWLHVWKHHQYLURQPHQWFDQRIIHU
&DVWHOIUDQFKL SURSRVHV WR RQO\ DGRSW JRDOV ZKHQ WKHVH DUH LQVWUXPHQWDO WR RWKHU
SUHYLRXVO\H[LVWLQJJRDOV7KLVLVDQRYHUVLPSOLVWLFVROXWLRQWRWKHDGRSWLRQSUREOHP
WKDW LV IRXQGHG LQ DUFKLWHFWXUDO OLPLWDWLRQV WKH IDFW WKDW RQO\ EHOLHIV DQG JRDOV DUH
DYDLODEOH7KLVPHFKDQLVPRIDGRSWLRQZRXOGOHDGWRWRRULJLGDVWUXFWXUHRIJRDOVLI
DOOJRDOVDUHLQVWUXPHQWDOWRSUHYLRXVO\H[LVWLQJJRDOVDOOVXEJRDOVPXVWEHMXVWLILHG
E\WKHVHRWKHUKLJKHUUDQNHGJRDOV :KR SURYLGHG WKHVH RQHV" 6LQFH DOO DGRSWLRQ LV
JXLGHGE\WKHPWKH\PXVWKDYHEHHQDGRSWHGLQGHVLJQWLPH%XWWKHQWKHVH KLJKHU
RUHQG JRDOVDUHWKHRQO\RQHVLPSRUWDQWDOORWKHUVFRXOGEHDEDQGRQHGDVHDVLO\DV
WKH\ZHUHDGRSWHGLIWKHDJHQWGLVFRYHUVWKHLUXVHOHVVQHVVIRUIXOILOOLQJWKHHQGJRDOV
6R WKH DJHQW¶V DXWRQRP\ LV VHYHUHO\ UHVWULFWHG WR H[HFXWLYH DXWRQRP\ +RZ FDQ ZH
WKHQUHSUHVHQWWKHDJHQW¶VVHOILQWHUHVW"
:H SURSRVH WR XVH YDOXHV WR KHOS GHILQH WKH VRXUFH RI JRDOV JXLGLQJ HLWKHU
DGRSWLRQRUJHQHUDWLRQRIJRDOV:KHQDQDJHQWLGHQWLILHVDQREMHFWRIWKHZRUOGDVD
FDQGLGDWHJRDOLWFDQGHFLGHWRDGRSWLWIRUDQXPEHURIUHDVRQV2IFRXUVHLIWKLVQHZ
JRDOLVLQVWUXPHQWDOWRDSUHYLRXVH[LVWLQJJRDOLWVKRXOGEHDVWURQJHUFDQGLGDWHEXW
GRQ¶WWKHFKDUDFWHULVWLFVRIWKHH[LVWLQJJRDOPDWWHU":HWKLQNWKDWWKHFDQGLGDWHJRDO
VKRXOGSRVVHVVVRPHDGGHGYDOXHLWVHOI2QWRSRIWKHWHFKQLFDOUHDVRQV HJWKHQHZ
VXEJRDODOORZVWKHVXSHUJRDOWREHIXOILOOHG RWKHUUHDVRQVFDQOHDGWRDGRSWLRQ,I
VRPHEHKDYLRXULVSHUFHLYHGDVOHDGLQJWRDVLWXDWLRQDVVHVVHGDVGHVLUDEOHWKHDJHQW
FDQ DGRSW DV WKHLU RZQ WKH JRDOV WKDW WULJJHUHG WKDW EHKDYLRXU $QG WKLV GHVLUDELOLW\
FDQDQGVKRXOGEHH[SUHVVHGLQWHUPVRIWKHDJHQW¶VV\VWHPRIYDOXHV
&DQGLGDWH JRDOV FRPH IURP HYHU\ZKHUH LQ WKH DJHQW¶V OLIH 9LUWXDOO\ DQ\
LQWHUDFWLRQZLWKWKHHQYLURQPHQWDQGLWVLQKDELWDQWVFDQSURYLGHFDQGLGDWHVIRUJRDOV

5HGHVLJQLQJWKH$JHQWV¶'HFLVLRQ0DFKLQHU\

0HFKDQLVPV IRU DGRSWLRQ LQFOXGH LPLWDWLRQ RI RWKHU DJHQWV LQVWLQFWV WUDLQLQJ DQG
OHDUQLQJFXULRVLW\LQWXLWLRQHWF:HFDQXVHWKHYDOXHVIUDPHZRUNWRILQHWXQHWKHVH
PHFKDQLVPV DQG HYHQ DSSO\ WKH VDPH DGMXVWPHQW PHWKRGV ZH XVHG LQ WKH FKRLFH
PHFKDQLVPWRHQKDQFHWKHP,QVHFWLRQZHZLOOVHHKRZWKHVHPHFKDQLVPVFDQEH
GHILQHGLQWKH%9*DUFKLWHFWXUH
*RDO JHQHUDWLRQ PHFKDQLVPV FDQ DOVR EH EDVHG RQ WKH DJHQW¶V YDOXHV :KHQ D
SDUWLFXODU VWDWH RI WKH ZRUOG LV HYDOXDWHG DV GHVLUDEOH WKH DJHQW FDQ WUDQVIRUP WKLV
GHVFULSWLRQRIWKHZRUOGLQWRDJRDOWREHDFKLHYHG*RDOJHQHUDWLRQLVLQDORWRIZD\V
D PRUH FRPSOH[ SUREOHP WKDQ JRDO DGRSWLRQ VLQFH LW KDV WR GR ZLWK FUHDWLYLW\ DQG
ZLOOEHOHIWRXWLQWKHUHVWRIWKLVVWXG\


(QKDQFLQJWKH&KRLFH0HFKDQLVPV

,Q >@ ZH KDYH VHHQ KRZ FKRLFH FDQ EH JXLGHG E\ YDOXHV DQG KRZ WKLV FKRLFH
PHFKDQLVPFDQEHDGDSWHGLQDFFRUGDQFHZLWKHYDOXDWLRQRIVXFFHVVLYHUHVXOWV%XWLQ
WKDWSDSHUZHZRUNHGRXWRXUPRGHOVE\FRQVLGHULQJVHYHUHOLPLWDWLRQVWKDWPXVWEH
RYHUULGGHQ:HKDGDIL[HGVHWRIYDOXHVDJDLQVWZKLFKDOOFDQGLGDWHDFWLRQVFRXOGEH
FRPSDUHG:HDOVRKDGDIL[HGGHFLVLRQIXQFWLRQ OLQHDUFRPELQDWLRQRIWKHPXOWLSOH
HYDOXDWLRQRIWKHFDQGLGDWHV DQGD IL[HG YDOXH DGDSWDWLRQ IXQFWLRQ )LQDOO\ ZH KDG
RQO\ WZR W\SHV RI YDOXHV DVSLUDWLRQW\SH YDOXHV HJ SUREDELOLW\ RI VXFFHVV  DQG
FDSLWDOW\SHYDOXHV HJWLPHGHOD\ 
(YHQZKHQFRQVLGHULQJRQO\WKHVLQJOHDJHQWFDVHHYHU\RQHRIWKHVHOLPLWDWLRQVLV
XQDFFHSWDEOH VLQFH WKH\ UDGLFDOO\ UHVWUDLQ WKH H[SUHVVLYH SRZHU RI WKH PRGHO :KHQ
WKH PXOWLSOH DJHQW FDVH LV FRQVLGHUHG WKH\ DUH HYHQ PRUH GDPDJLQJ &RQVLGHU WKH
DELOLW\ WR FRPPXQLFDWH YDOXHV DQG FRQVHTXHQWO\ JRDOV DQG DFWLRQV 6HYHUDO VWHSV
PXVWEHSHUIRUPHGLQSODQQLQJWKHH[SHULPHQWVPDNLQJWKLVSDWKIROORZWKHDJHQW¶V
FODVVLILFDWLRQ DFFRUGLQJ WR WKH XVH RI YDOXHV )LUVW LQFUHDVH WKH QXPEHU RI YDOXHV
SUHVHQWLQWKHFKRLFHVHWWLQJ7KHQZHFDQFRQVLGHURSWLRQVWKDWDUHFKDUDFWHULVHGE\
YDOXHV ZKLFK ZHUH QRWQHFHVVDULO\ IRUHWROG7KDWLVWKHDJHQWV PXVW SHUIRUP FKRLFH
HYHQ LQ WKH SUHVHQFH RI LQFRPSOHWH LQIRUPDWLRQ $IWHUZDUGV ZH ZLOO FRQVLGHU D
YDULDEOHVHWRIYDOXHV*LYHQWKHSUHYLRXVVHWWLQJWKLVVKRXOGQRWUDLVHDQ\SUREOHPV
EXW LQ WKLV FDVH LW LV LPSRUWDQW WR REVHUYH WKH DJHQW¶V EHKDYLRXU LQ WKH ORQJ UXQ
5HPHPEHUWKDWYDOXHDGDSWDWLRQLVSHUIRUPHGRYHUWKHFDQGLGDWHDFWLRQVHYHQLIWKLV
ZDVQ¶W WKH RQO\ RSWLRQ ZH FRXOG KDYH PDGH 6R ZH PXVW LQFUHDVH WKH QXPEHU RI
FDQGLGDWH DFWLRQV WR VHH KRZ WKH PRGHO FRSHV DQG FKHFN ZKHWKHU DQ DOWHUQDWLYH
IRUPXODWLRQVKRXOGEHXVHG
$QLQWHUHVWLQJDOWHUQDWLYHFRXOGEHWKHXVHRIYDOXHDFFXPXODWRUV%\DGDSWLQJWKH
LGHDRI>@ IRU PHPRU\ DFFHVV ZH FDQ KDYH DQ LQGLFDWRU RI KRZ PXFK D YDOXH ZDV
UHIHUUHGWRE\RWKHUPHQWDOREMHFWV$FRPSHWLWLRQDPRQJYDOXHVLVFDVWDOORZLQJWKH
DJHQW WR KDYH D UHODWLYH LGHD RI WKH LPSRUWDQFH RI WKH YDULRXV YDOXHV 7KLV VFKHPD
GRHV QRW QHFHVVDULO\ VXEVWLWXWH WKH XVXDO VFKHPD RI HYDOXDWLRQFKRLFHDGDSWDWLRQ LW
MXVWDOORZVWKHDJHQWWRVXEYHUWWKLVLQVSHFLDORFFDVLRQV)RULQVWDQFHLIDQRSWLRQLV
EHLQJ FRQVLGHUHG WKDW UHIHUV WR DQ LPSRUWDQW TXDQWLW\ RI WKH KLJKHVW UDWHG YDOXH
H[HFXWLRQ VWRSV DQG DOO FDOFXODWLRQV DUH UHVWDUWHG 7KLV FRXOG EH D VLPSOH ZD\ RI
LPSOHPHQWLQJDSUHHPSWLYHPHFKDQLVP ZKLFK ZH GHHP H[WUHPHO\ LPSRUWDQW LQ DQ
RSHQHQYLURQPHQW

/XLV$QWXQHVDQG+HOGHU&RHOKR



2QWRORJ\RI9DOXHV

7KH %9* DUFKLWHFWXUH LV VXIILFLHQWO\ JHQHUDO WR FRSH ZLWK D VHULHV RI GLYHUVLILHG
VLWXDWLRQV %\ VHOHFWLYHO\ FKRRVLQJ WKH VHW RI UHOHYDQW YDOXHV DQG DVVRFLDWHG
PHFKDQLVPVIRUFKRLFHDQGIRUYDOXHDGDSWDWLRQWKHGHVLJQHUFDQFUHDWHLQVWDQFHVRI
%9* DJHQWV ZKLFK DUH DGHTXDWH WR KLV RZQ VHWWLQJ +RZHYHU ZH FDQ FRQFHLYH
VSHFLDOLVDWLRQV RI WKH PRVW JHQHUDO %9* DJHQW WKDW SURYLGH D GHIDXOW EDVLV IRU WKH
GHYHORSPHQWRIDJHQWV2QHVXFKVWHSKDVDOUHDG\EHHQWDNHQ>@ZKHQZHFRQVLGHUHG
WKHQRWLRQRIJRRGQHVVRIDGHFLVLRQWRKHOSUHFDOLEUDWHWKHYDOXHV\VWHPWKDWOHGWRLW
7KLVJRRGQHVVLVDNLQGRIKLJKHUYDOXHWKDWZRXOGEHSUHVHQWLQPRVWDJHQWGHVLJQV
VHHVHFWLRQ 
$QRWKHUVWURQJFDQGLGDWHWREHSUHVHQWLQDORWRIDJHQWGHVLJQVZRXOGEHVXUYLYDO
RU YLWDO HQHUJ\  DV D IXQGDPHQWDO YDOXH WKDW ZRXOG JRYHUQ PRVW GHFLVLRQV ,I ZH
ODXQFKDJURXSRIURERWVWRH[SORUH0DUVZHZRXOGOLNHWKHPWRNHHSIXQFWLRQLQJDV
ORQJ DV WKH\ SRVVLEO\ FDQ HYHQ LI WKH\ ZRXOG VRPHWLPHV XQGHUPLQH RWKHU YDOXHG
SRVVLELOLWLHV6XUYLYDOLVSDUWLFXODUO\LPSRUWDQWVLQFHLWLVWKHIDFWWKDWWKHDJHQWNHHSV
ZRUNLQJWKDWDOORZVWKHUHVXOWRILWVHIIRUWVWREHH[SORLWHG SDVVHGDORQJWRLWV XVHU
HWF6HYHUDO\HDUVDJR6ORPDQ>@SURSRVHGWRFKDUDFWHULVHJRDOVZLWKWKUHHIHDWXUHV
XUJHQF\LQWHQVLW\DQGSHUVLVWHQFH7KHVHDUHDOVRFDQGLGDWHVWREHXVXDOO\SUHVHQWDV
YDOXHVZKHQWDFNOLQJDFKRLFHVLWXDWLRQ
$VZLWKWKHFUHGLELOLW\RIDEHOLHIDOVRWKHSUREDELOLW\RIVXFFHVVRIDJLYHQDFWLRQ
LV OLNHO\ WR EH FRQVLGHUHG ZKHQ FKRRVLQJ WKDW DFWLRQ :LWK WLPH D GHVLJQHU FDQ
GHYHORS DQ RQWRORJ\ RI YDOXHV WKDW FKDUDFWHULVH PRVW RI WKH FKRLFH VLWXDWLRQV KLV
DJHQWVIDFHRUDWOHDVWWRKDYHVHYHUDORQWRORJLHVDGDSWHGWRFODVVHVRISUREOHPV



1HZ0HFKDQLVPVIRU&KRLFH

,Q >@ RXU DJHQW KDG D JRDO WR IXOILO WKDW ZDV FKDUDFWHULVHG E\ VRPH YDOXHV 7KH
FDQGLGDWH DFWLRQV ZHUH DOO FRPSDUDEOH DFFRUGLQJ WR WKH VDPH YDOXHV VR FKRLFH ZDV
VWUDLJKWIRUZDUG 7KH DJHQW MXVW FRPSXWHG D UHDO IXQFWLRQ RI WKRVH YDOXHV IRU DOO WKH
DOWHUQDWLYHV DQG WKH KLJKHVW VFRUHU ZDV FKRVHQ $IWHUZDUGV WKH DJHQW ORRNHG DW WKH
UHVXOWVRIKLVDFWLRQE\DVVHVVLQJWKHUHVXOWLQJVWDWHRIWKHZRUOGDJDLQVWDGLPHQVLRQ
RIJRRGQHVV FIVHFWLRQDQG>@ DQGXSGDWHGWKHYDOXHVDSSURSULDWHO\
:H QRZ SURSRVH WR WDFNOH FKRLFH VLWXDWLRQV ZKHUH WKH DJHQW GRHVQ¶W KDYH DOO WKH
UHOHYDQWLQIRUPDWLRQ,PDJLQHVRPHJRDO*LVFKDUDFWHULVHGE\WDUJHWVIRUWKUHH RXWRI
ILYH YDOXHV9 ω9 ω9 ω/HWWKHFDQGLGDWHDFWLRQVEHUHSUHVHQWHGE\VXE
JRDOV*DQG*ZLWKDVVRFLDWHGYDOXHVUHVSHFWLYHO\9 ω9 ωDQG9 ω
9 ω9 ω
$VORQJDVFKRLFHLVSHUIRUPHGE\XVLQJDOLQHDUFRPELQDWLRQRIVRPHIXQFWLRQRI
WKHSDLUHG HJωω YDOXHVOLNHLQ>@RQHFDQMXVWRPLWWKHYDOXHVRXWVLGHRIWKH
LQWHUVHFWLRQ RI WKH JRDO DQG WKH FDQGLGDWH FKDUDFWHULVDWLRQ WKXV UHQGHULQJ WKH RWKHU
YDOXHVQRWUHGXQGDQW,IRWKHU W\SHV RI FKRLFH IXQFWLRQV DUH XVHG RQH PXVW SURFHHG
ZLWKPRUHFDUH$Q\ZD\HYHQLQWKHVLPSOHFDVHDERYHWKHUHDUHRSHQSUREOHPVWR
EHGHDOWZLWK)LUVWRIDOOLWLVQHFHVVDU\WRFKDUDFWHULVHWKHQHZDGRSWHGJRDOVD\*
6KRXOG * LQFOXGH YDOXHV IRU 9" 6KRXOG LW NHHS YDOXHV IRU 9" :H WKLQN WKDW WKH

5HGHVLJQLQJWKH$JHQWV¶'HFLVLRQ0DFKLQHU\

DQVZHUWRERWKTXHVWLRQVLVSRVLWLYH9VKRXOGEHNHSW ZLWKWDUJHW ω  EHFDXVH ZH
DUHDGRSWLQJ*MXVWEHFDXVHRI*6RLWLVRQO\IDLUWKDWZHNHHSZKDWHYHUJXLGHVWKH
DWWHPSWVDWDFKLHYLQJ*DQGWKRVH DUH WKH YDOXHV 9 9 DQG 9 )RU DQ DQDORJRXV
UHDVRQ ZH VKRXOG LQFOXGH 9 ,W FRXOG EH WKH FDVH WKDW 9 UHSUHVHQWV LPSRUWDQW
HYDOXDWLYHQRWLRQVWREHFRQVLGHUHGGXULQJWKHDWWHPSWVDW*DQGVRZHPXVWQ¶WJLYH
XS 9 IRU RXU IXWXUH H[HFXWLRQ ,Q ERWK FDVHV WKHVH YDOXHV ZLOO KHOS FRQWURO WKH
H[HFXWLRQ RI WKH DJHQW WRZDUGV KLV JRDOV SRVVLEO\ DOORZLQJ IRU UHYLVLRQV DQG
UHFDOFXODWLRQVLIWKHFKRVHQJRDOVQRORQJHUVHUYHWKHUHOHYDQWYDOXHVDWVWDNH



*RDO$GRSWLRQ

,Q WKLV VHFWLRQ ZH LOOXVWUDWH RXU LGHDV DERXW JRDO DGRSWLRQ E\ SURSRVLQJ D FRQFUHWH
PHFKDQLVP IRU DGRSWLRQ LPLWDWLRQ 7R VLPSOLI\ DVVXPH DQ DJHQW SHUFHLYHV DV D
SRVVLEOHJRDO>@VRPHDFWLRQKHREVHUYHGDQRWKHUDJHQWFDUU\LQJRXW RUSRVVLEO\DV
D UHVXOW RI VRPH LQWHUDFWLRQ  ,Q WKH PXOWLSOH YDOXHV IUDPHZRUN DQ\ REMHFW FDUULHV
ZLWKLWVRPHFKDUDFWHULVDWLRQLQWHUPVRIYDOXHV/HWXVIXUWKHUDVVXPHWKLVVHWLVQRQ
HPSW\
,IZHWDNH&DVWHOIUDQFKL¶VUXOHIRUDGRSWLRQRXUDJHQWZLOODGRSWWKLVSRVVLEOHJRDO
DV D JRDO RI KLV RZQ RQO\ LI KH SHUFHLYHV WKLV QHZ JRDO DV VHUYLQJ RQH RI KLV
SUHYLRXVO\H[LVWLQJJRDOV
$GRSW DJHQW$JRDO DJHQW%* LII
∃JRDO DJHQW$* ∃SODQ DJHQW$*3«3Q *⊃*
7KHVHDUHZKDWZHKDYHFDOOHGWHFKQLFDOUHDVRQVIRUDGRSWLRQ,Q%9*WKHDJHQW
KDVUHDVRQVIRUDGRSWLRQWKDWDUHIRXQGHGLQKLVYDOXHVWKDWUHSUHVHQWKLVSUHIHUHQFHV
,IZHZDQWWRPDLQWDLQ&DVWHOIUDQFKL¶VUXOHRXUUXOHRIDGRSWLRQE\LPLWDWLRQFRXOGEH
WRDGRSWWKHFDQGLGDWHJRDOLIWKHUHLVDOUHDG\DJRDOWKDWVKDUHVVRPHYDOXHZLWKWKH
QHZJRDOWRDGRSW
$GRSW DJHQW$JRDO DJHQW%*9 ω«9N ωN LII
∃L∈^«N`∃JRDO DJHQW$*«9L ωL¶« ωL ωL¶!
,QWKHDEVHQFHRIDJRDOWREHVHUYHGE\WKHJRDOFDQGLGDWHIRUDGRSWLRQZHFRXOG
SURSRVH DQRWKHU UXOH RI DGRSWLRQ E\ LPLWDWLRQ WKDW ZRXOG EDVH DGRSWLRQ XSRQ WKH
YDOXHVFRQFHUQLQJWKHLPLWDWHGDJHQW
$GRSW DJHQW$JRDO DJHQW%*9 ω«9N ωN LII
∃EHO DJHQW$YDO DJHQW%9L ξL«9M ξM 
∃YDO DJHQW$9L ξL¶«9M ξM¶ ∀O∈^L«M`ξO ξO¶!
7KLV PHFKDQLVP LPLWDWLRQ  LV DOVR LQWHUHVWLQJ IRU DQ HPRWLRQDO PDFKLQHU\ FI
>@  <RXQJ FKLOGUHQ LPLWDWH HPRWLRQDO UHDFWLRQV PXFK EHIRUH WKH\ LQWHUQDOLVH WKH
UHDO HPRWLRQV 'DPDVLR¶V VHFRQGDU\ HPRWLRQV DUH FRJQLWLYHO\ JHQHUDWHG DQG DULVH
ODWHUDVDUHVXOWRILGHQWLILHG³V\VWHPDWLFFRQQHFWLRQV « EHWZHHQSULPDU\HPRWLRQV
DQG FDWHJRULHV RI REMHFWV DQG VLWXDWLRQV´ >@ &KLOGUHQ EXLOG WKHVH PHQWDO
FRQQHFWLRQV E\ JRLQJ WKURXJK LPLWDWLRQ DQG JDPHSOD\LQJ WKH\ HPXODWH WKH
HPRWLRQDOEHKDYLRXU,QWKHSDQLFVLWXDWLRQPHQWLRQHGDERYHSHRSOHXVHLPLWDWLRQDV
DQHPRWLRQDOGULYHQJRDODGRSWLRQVWUDWHJ\7KHUHLVWLPHWRFRQVLGHURQO\RQHRUWZR
DOWHUQDWLYHFRXUVHVRIDFWLRQ UXQGLYH DQGWKHQDGHFLVLRQPXVWEHUHDFKHG

/XLV$QWXQHVDQG+HOGHU&RHOKR



$IIHFWLYH5HDVRQLQJ

,Q >@ WKH DGDSWDWLRQ RI WKH DJHQW V\VWHP RI YDOXHV KDV WKUHH SRVVLEOH VRXUFHV RI
HYDOXDWLYHLQIRUPDWLRQWKDWDVVHVVWKHTXDOLW\RIWKHGHFLVLRQWDNHQ L VRPHPHDVXUH
RIJRRGQHVV LL WKHYDOXHVWKDWOHGWRWKHGHFLVLRQWKHPVHOYHVDQG LLL WKHGHVLJQHU¶V
YDOXHV:HQRZSURSRVHDQDOWHUQDWLYHPHDQLQJIRUWKHVHDVVHVVPHQWPHDVXUHV
:H VXJJHVW WKDW WKH JRRGQHVV RI D GHFLVLRQ L  DPRXQWV WR WKH DJHQW¶V DIIHFWLYH
DSSUDLVDO RI WKH RXWFRPH SURGXFHG E\ WKDW GHFLVLRQ 7KDW LV JRRGQHVV LV QRW DQ
DEVWUDFW QRWLRQ LQGHSHQGHQW RI ZKRHYHU SHUIRUPV WKDW DVVHVVPHQW LW LV VXEMHFWLYH
DQG LW LQYROYHV WKH DJHQW WKDW SHUIRUPV WKH DVVHVVPHQW LQ WKH H[DFW FRQGLWLRQV WKH
DVVHVVPHQWLVPDGHDQGFRQVLGHULQJWKHFRQGLWLRQVLQZKLFKWKHGHFLVLRQZDVWDNHQ
$OWHUQDWLYH LL  LV WKH µFOHDQ¶ RSWLRQ IRU LV SHUIRUPHG LQ WKH VDPH WHUPV DV WKH
GHFLVLRQ 7KDW LV LI RQH LV DOUHDG\ ORRNLQJ WR RSWLPLVH VRPH WKLQJV MXVW JR DQG
PHDVXUH WKHP 2EVHUYDWLRQ VXEMHFWLYLW\ DSDUW WKH DJHQW VKRXOG KDYH QR GLIILFXOW\
ZLWKWKLV6RWKHVHYDOXHVGRQRWDSSHDUYHU\LQWHUHVWLQJDVDFDQGLGDWHVIRUHPRWLRQ
DURXVDO6LQFHJRRGQHVV L ZDVQRWFRQVLGHUHGLQGHFLGLQJ XQOHVVGHFLVLRQZDVWDNHQ
XVLQJVLPSOHXWLOLW\ WKHQDWXUDOH[WHQVLRQLVWRFRQVLGHUDGLIIHUHQWVHWRIHYDOXDWLYH
GLPHQVLRQVWRDVVHVVWKHRXWFRPHRIWKHGHFLVLRQ LLL 
7KHLQWHUHVWLQJSRVVLELOLW\DERXWWKHGHVLJQHU¶VYDOXHVLVWRFRQVLGHUWKLVVHWWREH
WKHVHWRIHPRWLRQDOIHDWXUHVUDLVHGE\WKHLVVXHDWVWDNH VHHILJXUHGH 7KHVHFDQ
EH HLWKHU LQVSLUHG E\ WKH DJHQW¶V RZQ DIIHFWLYH SHUFHSWLRQ RU GULYHQ E\ VRPH
LQWHUDFWLRQODQJXDJHWKDWLQWHUIDFHVWRWKHXVHURURWKHUDJHQWV:HKXPDQVIUHTXHQWO\
HYDOXDWH RXU GHFLVLRQV E\ H[DPLQLQJ WKH HPRWLRQDO UHDFWLRQV WKH\ UDLVHG LQ WKH
VXUURXQGLQJ SHRSOH >@ ,Q IDFW LW LV RIWHQ OLNH WKLV ZH QRWLFH ZH JRRIHG XS 2I
FRXUVH ZH UDLVH KHUH D UHJUHVV SUREOHP LI ZH ZDQW WR HQKDQFH RXU GHFLVLRQ
FDSDELOLWLHVE\XVLQJRWKHUV¶YLHZVDERXWWKHUHVXOWRIRXUDFWLRQVZHVKRXOGXVHRXU
GHFLVLRQVNLOOVWRMXGJHZKHWKHUWRWUXVWRXULPSUHVVLRQVDERXWWKRVHYLHZV VLQFHZH
GRQ¶W KDYH GLUHFW DFFHVV WR WKHP  7R VROYH WKLV SUREOHP ZH PXVW DFFHSW WKDW
VXEMHFWLYLW\ KDV LWV OLPLWV ZH RQO\ NQRZ ZKDW ZH NQRZ DQG QHYHU ZKDW RWKHUV
NQRZ>@

)LJ  7KH G\QDPLFV RI HPRWLRQV D  YDOXHLQIRUPHG GHFLVLRQ PDNLQJ E  HPRWLRQV H[HUW
FRQWURORYHUGHFLVLRQ F ZDWFKLQJFRQVHTXHQFHVRIGHFLVLRQV G IHHGLQJEDFNLQIRUPDWLRQWR
HQKDQFHGHFLVLRQPDFKLQHU\ H JHWWLQJHPRWLRQDOLQIRUPDWLRQDERXWWKHUHVXOWVRIGHFLVLRQV
I FRJQLWLYHHYDOXDWLRQVDULVLQJHPRWLRQV

7KHYLHZMXVWGHVFULEHGFRQFHUQVSULPDULO\WKHREVHUYDWLRQRIHPRWLRQVUDLVHGDVD
FRQVHTXHQFHRIWKHDJHQW¶VEHKDYLRXU ILJXUHH ,QDVHQVHLWLVDQH[WHUQDOYLHZRI
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HPRWLRQVDOWKRXJKFRQVLGHULQJWKHFRQVHTXHQFHVRIWKHHPRWLRQDODVVHVVPHQWLQWKH
FDOLEUDWLRQRIWKHGHFLVLRQPDFKLQHU\:KDWLVODFNLQJKHUHLVWKHGLUHFWLQIOXHQFHRI
HPRWLRQVLQGHFLVLRQPDNLQJ ILJXUHE DVVXJJHVWHGE\UHFHQWOLWHUDWXUH HVSHFLDOO\
>@ $WWKLVSRLQWRIRXUUHVHDUFK ZHFDQRQO\SRLQWRXWDEURDGSLFWXUHZKLFK ZH
GHHP FRKHUHQW DQG DOVR FRQVLVWHQW ZLWK WKH PRVW UHFHQW QHXURVFLHQFH YLHZV RQ
HPRWLRQDQGLWVVWURQJLQIOXHQFHRQGHFLVLRQPDNLQJ
,Q >@ HPRWLRQV DUH FRQVLGHUHG DV PHWDOHYHO FRQWUROV WKDW KHOS WKH DJHQW
RUJDQLVPWRUHJXODWHLWVHOILQRUGHUWRLPSURYHLWVDGDSWDWLRQWRWKHHQYLURQPHQW7KH\
KDYHDQLPSDFWRQFRJQLWLYHSURFHVVHVVXFKDVWKHDOORFDWLRQRIFRJQLWLYHUHVRXUFHV
DWWHQWLRQ IRFXV DQG DGDSWLYH OHDUQLQJ HLWKHU ERRVWLQJ VRPH RQHV RU IUHH]LQJ RWKHUV
$OVR KHUH WKH NH\ LGHD LV WKDW HPRWLRQV HVWDEOLVK FRQWURO RYHU WKH GHFLVLRQ PDNLQJ
SURFHVV7KH\VHUYHDVVLJQDOVRUVRPDWLFPDUNHUVWREHXVHGLQFDVHUHWULHYDOOLNHD
VRUWRISUHFRJQLWLYHDVVHVVPHQWRIVLWXDWLRQVEDVHGRQVLPLODUH[SHULHQFHVIURPWKH
SDVW(PRWLRQVDOVRGHWHUPLQHWKHDPRXQWRIWLPHWKHDJHQWZLOOKDYHIRUWKHGHFLVLRQ
SURFHVV 2QH VWUDWHJ\ FRXOG EH WR OHDG WKH DJHQW WR D TXLFN UHDFWLRQ DV D ZD\ RI
JDLQLQJ VRPH WLPH WR VSHQG RQ D PRUH WKRURXJK GHFLVLRQ SURFHVV )RU LQVWDQFH LQ
/H'RX[¶VERPEH[DPSOHRQHGLYHVLQWRWKHJURXQGDQGIUHH]HVDQ\GHFLVLRQZKLOH
FRQVLGHULQJRWKHURSWLRQV
/HWXVJRDOLWWOHIXUWKHULQWRWKHGHWDLORIWKHVH PHFKDQLVPV$QDJHQWVKRXOGEH
UHDG\ IRU DFWLRQ WDNLQJ DW DQ\ SRLQW RI LWV OLIH RU LW ZRQ¶W VXUYLYH ORQJ LQ D KRVWLOH
HQYLURQPHQW  7KLV PHDQV WKDW DOWKRXJK GHOLEHUDWLRQ LV FHUWDLQO\ XVHIXO DQG PDQ\
WLPHV XQDYRLGDEOH LW VKRXOG SRVVHVV DQ\WLPH FKDUDFWHU ,I ZH WDNH WKLV LGHD WR LWV
OLPLWV ZH PXVW LQFOXGH LQ RXU DUFKLWHFWXUH VRPH LPPHGLDWH IHHGEDFN PHFKDQLVP
ZKDW LV XVXDOO\ FDOOHG D UHDFWLYH FRPSRQHQW :H SURSRVH WKDW WKLV VSHFWUXP IURP
UHDFWLYHDFWLRQ GHOLEHUDWLRQWLPHHTXDOV]HUR WRIXOO\GHOLEHUDWLYHDFWLRQ XQOLPLWHG
GHOLEHUDWLRQ WLPH  FDQ EH DFKLHYHG WKURXJK D FXPXODWLYH GHOLEHUDWLRQ IUDPHZRUN
(PRWLRQVWXQHXSWKHDPRXQWRIWLPHDYDLODEOHIRUWKHFKRLFHIXQFWLRQWRSHUIRUP IRU
LQVWDQFHDQDGGLWLYHIXQFWLRQ ,QDVWURQJO\HPRWLRQDOVWUHVVVLWXDWLRQ DVLQDVWDWHRI
IHDU RU SDQLF  DFWLRQV DUH WDNHQ IURP D VPDOO UHSHUWRLUH RI UHDGLO\ DFFHVVLEOH
FDQGLGDWHVSRVVLEO\ZLWKQRGHOLEHUDWLRQDWDOO HJZHGRWKHILUVWWKLQJWKDWFRPHVWR
PLQG>@ :LWKVRPHPRUHWLPHDYDLODEOHRXUFXPXODWLYHDVVHVVPHQWFDQEHJLQZH
SLFNDODUJHUUHSHUWRLUHRIDJHQWVDWWKHVDPHWLPHVWDUWWKHFDOFXODWLRQRIWKHLUFKRLFH
YDOXH 7KLV LV GRQH E\ FRQVLGHULQJ WKH PRVW LPSRUWDQW YDOXH DQG SHUIRUPLQJ WKH
FKRLFH FDOFXODWLRQ IRU HDFK RI WKH FDQGLGDWHV ZLWK UHVSHFW WR WKLV YDOXH $W HDFK
PRPHQW ZH KDYH DQ DVVHVVPHQW D UDWLQJ  WKDW DOORZV XV WR SHUIRUP FKRLFH :LWK
LQILQLWH WLPH DYDLODEOH FKRLFH ZLOO EH SHUIHFW LH LQ DFFRUGDQFH WR RXU EHOLHIV DQG
HYDOXDWLRQVDERXWWKHUHOHYDQWLVVXHVDW VWDNH7KLVEURDG SLFWXUH LV FRPSDWLEOH ZLWK
'DPDVLR¶V HYLGHQFH WKDW ³1RUPDO SHRSOH FKRRVH DGYDQWDJHRXVO\ EHIRUH UHDOLVLQJ
ZKLFKVWUDWHJ\ZRUNVEHVW´ WKHLGHDRILPSRUWDQFHRIYDOXHGDQGZHLJKWHGGHFLVLRQ 
DQG WKDW ³QRQFRQVFLRXV ELDVHV JXLGH EHKDYLRXU EHIRUH FRQVFLRXV NQRZOHGJH GRHV´
HPRWLRQDOUHDFWLRQVDUHWULJJHUHGEHIRUHDQ\UDWLRQDOGHOLEHUDWLRQ >@
:KHQZHHYDOXDWHVRPHVLWXDWLRQZHLJKWLQJSURVDQGFRQVZHPL[HPRWLRQVDQG
IHHOLQJV ZLWK UHDVRQV DQG LI ZH VXFFHHG ZH PD\ VD\ WKDW WKH ZKROH SURFHVV LV D
PL[WXUH RI UHDVRQV DQG HPRWLRQV (PRWLRQV DUH QRW VLPSOH UHIOH[HV EXW SDWWHUQV
FROOHFWLRQVRIDQVZHUV VXSSRUWLQJIDVWUHDFWLRQV LQRUGHUWRPDLQWDLQXVDOLYH IDVWHU
WKDQ FRJQLWLYH DFWLRQV EHFDXVH IURP DQ HYROXWLRQ SRLQW RI YLHZ WKH HPRWLRQDO
PDFKLQHU\ LV ROGHU WKDQ WKH FRJQLWLYH PDFKLQHU\ 4XRWLQJ IURP >@ ³7KH VHQVRU\
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UHSUHVHQWDWLRQ RI D VLWXDWLRQ WKDW UHTXLUHV GHFLVLRQ OHDGV WR WZR ODUJHO\ SDUDOOHO EXW
LQWHUDFWLQJ FKDLQV RI HYHQWV´ HPRWLRQDO RQHV EDVHG XSRQ SUHYLRXV LQGLYLGXDO
H[SHULHQFH FRPSOH[ SURFHVV RI QRQFRQVFLRXV VLJQDOOLQJ  DQG UDWLRQDO RQHV EDVHG
XSRQSURFHVVHVRIFRJQLWLYHHYDOXDWLRQDQGUHDVRQLQJ
:H QRZ WDNH WKH WKHRU\ RI HPRWLRQV LQ >@ LQ ZKDW UHVSHFWV WKH YDULDEOHV WKDW
DIIHFWHPRWLRQLQWHQVLW\>@OLVWVWKHYDULDEOHVDIIHFWLQJDQJHUWKHGHJUHHRIMXGJHG
EODPHZRUWKLQHVV WKH GHJUHH RI GHYLDWLRQ IURP SHUVRQDO RU UROHEDVHG H[SHFWDWLRQV
DQGWKHGHJUHHWRZKLFKWKHHYHQWLVXQGHVLUDEOH:HKDYHDOUHDG\VHHQKRZHPRWLRQV
LQIOXHQFH GHFLVLRQ PDNLQJ ILJ E  (PRWLRQV DOVR LQIOXHQFH FRJQLWLYH DFTXLVLWLRQ
IRU LQVWDQFH WKURXJK GHWHUPLQLQJ DWWHQWLRQ IRFXV >@ DQG VR WKURXJK D GHFLVLRQ
PHGLDWHGSURFHVVVHHILJEDF 1RZZHVHHZKDWLQIOXHQFHVHPRWLRQV>@WHOOVXV
WKDW ³HPRWLRQV DUH GHSHQGHQW RQ EHOLHIV´ DQG WKDW ³HPRWLRQV DUH SRVLWLYHO\ RU
QHJDWLYHO\YDOHQFHGUHDFWLRQV´1RWLFHWKDWDOOWKRVHSURWRW\SLFDOYDULDEOHVDERYHDUH
FRJQLWLYHDVVHVVPHQWVHYDOXDWLRQVDERXWWKHUHFLSURFDOLQIOXHQFHVEHWZHHQWKHHYHQW
DQGWKHDJHQW¶VLQIRUPDWLRQDODQGSURDFWLYHVWDWHV7KDWLVZHKDYHEHOLHIVJRDOVDQG
ZKDW ZH FDOO  YDOXHV LQIOXHQFLQJ HPRWLRQV 7KH FLUFOH LV FRPSOHWHG DQG ZH KDYH
QRZFRJQLWLYHYDOXHVDVWKHEDVLVRIHPRWLRQDURXVDO ILJXUHI 



&RQFOXGLQJ5HPDUNV

,QWKLVSDSHUZHKDYHUHVWDWHGWKHIXQGDPHQWDOVRIWKH%9*DUFKLWHFWXUHQDPHO\WKH
XVHRIPXOWLSOHYDOXHVWRLQIRUPFKRLFHDQGWKHIHHGEDFNRIDVVHVVPHQWLQIRUPDWLRQ
WR UHFDOLEUDWH WKH FKRLFH PDFKLQHU\ :H WRRN &DVWHOIUDQFKL¶V QRWLRQV DERXW DJHQW
DXWRQRP\ WR HQKDQFH WKH %9* DUFKLWHFWXUH LQ WZR ZD\V )LUVW ZH FRQVLGHUHG DQG
RYHUFDPH VRPH OLPLWDWLRQV RI WKH SUHYLRXV LPSOHPHQWDWLRQ VXFK DV WKH LQDELOLW\ WR
GHDOZLWKLQFRPSOHWHHYDOXDWLYHLQIRUPDWLRQ6HFRQGZHSURSRVHGWRXVHWKHDJHQW¶V
V\VWHPRIYDOXHVWRLQIRUPWKHPHFKDQLVPVRIFUHDWLRQRIJRDOV$VDQH[DPSOHZH
SUHVHQWHG UXOHV IRU DGRSWLRQ WKDW FRXOG LPSOHPHQW WKH PHFKDQLVP RI LPLWDWLRQ 7KH
SULPDU\ FRQFHUQ WKURXJKRXW WKH SDSHU LV DJHQW DXWRQRP\ DQG LWV UHODWLRQV ZLWK WKH
DJHQW¶V FKDUDFWHU RU SHUVRQDOLW\ :H GHIHQG WKDW WKH PXOWLSOH YDOXHV IUDPHZRUN LV
HVSHFLDOO\DGHTXDWHWRSURYLGHWKHWRROVWRVXFFHVVIXOO\WDFNOHWKHVHLVVXHV7KLVZDV
IXUWKHUHODERUDWHGE\WKHVXJJHVWLRQWKDWQRWRQO\FRJQLWLYHEXWDOVRHPRWLYHDVSHFWV
RI WKH DJHQW¶V UHDVRQLQJ FDQ EH DGGUHVVHG LQ WKLV IUDPHZRUN (PRWLRQV SOD\ D
GHWHUPLQDQW UROH LQ GHFLVLRQ SURFHVVLQJ 7KH\ LQIOXHQFH DQG DUH LQIOXHQFHG E\
GHFLVLRQV DQG WKHLU FRQVHTXHQFHV 7RJHWKHU ZLWK YDOXHV HPRWLRQV SURYLGH WKH
IXQGDPHQWDOPHFKDQLVPVIRUHIILFLHQWDQGDGDSWDEOHGHFLVLRQSURFHVVLQJ
:HFRXOGRQO\KLQWDWDSSOLFDWLRQVRIWKHVH LGHDV 6RPH H[SHULPHQWV ZHUH PDGH
EXW WKH UHVXOWV DUH QRW \HW FRQFOXVLYH 6R IXWXUH UHVHDUFK ZLOO DLP DW H[SHULPHQWDO
GHPRQVWUDWLRQ RI WKH LGHDV SUHVHQWHG KHUHLQ 2WKHU UHVHDUFK LVVXHV UHPDLQ WR EH WKH
LQFUHDVHRIWKHDJHQW¶VDGDSWDELOLW\E\HQKDQFLQJWKHXVHRIWKHIHGEDFNLQIRUPDWLRQ
DQGWKHH[SDQVLRQRIDQDJHQW¶VV\VWHPRIYDOXHVDVDUHVXOWRILQWHUDFWLRQZLWKRWKHU
DJHQWV
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:H ZLVK WR H[SUHVV RXU WKDQNV WR -RmR %DOVD -RVp &DVWUR &DOGDV -RmR )DULD -RVp
&DVFDOKR&ULVWLDQR&DVWHOIUDQFKL5RVDULD&RQWH0DULD0LFHOL /XLV0RQL]/HRQHO
1yEUHJD 3HGUR 5RGULJXHV -RUJH /RXom WKH HGLWRU RI WKLV YROXPH DQG WKH
DQRQ\PRXV UHIHUHHV 7KLV UHVHDUFK KDV EHHQ FDUULHG RXW ZLWKLQ WKH UHVHDUFK XQLW
/DE0$&DQGSDUWLDOO\VXSSRUWHGE\SURMHFW3UD[LV7,7 6$5$ 
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Abstract. The paper discusses the role of emotion in learning, presenting a
connectionist learning architecture that indeed uses the concept of emotion in its
learning rule. Presenting a working learning architecture based on the concept
of emotion as value judgement, the paper contributes toward the efforts in
answering the long-lasting question stated in psychology and philosophy: what
is an emotion. The description of the architecture is followed by description of
an experiment, in which the architecture is used as a learning controller in a
process of training a simulated goalkeeper robot for a RoboCup match.

1

Introduction

Emotion has always been recognized as an important feature underlying human
behavior and has been considered as a distinct research area in psychology and
philosophy. But, the concept of emotion, being natural in humans, is rather difficult to
implement in artificial agents. In artificial agents research, although most of the effort
has been put on cognitive part of artificial beings, (under the name of Artificial
Intelligence AI), in the last twenty years there have been several pointers toward the
issue of feelings and emotions (Artificial Emotion, AE) as needed features for
developing an artificial intelligent creature (e.g. [32], [5], [23]). More recently, a
critical mass of researchers in the area induced dedicated meetings to present the
obtained results (see [13], [14], [36], [25]). Several issues in the emotional agent
design emerged, among others the problem of emotion-based learning in autonomous
agents. The issue has been addressed from several viewpoints [7], [17], [35]. In
essence, the problem is how to define emotion-based learning in a robot, and how to
implement it in a useful and straightforward manner.
This paper deals with philosophical issues and a computational model of emotion
that can be used in the learning system of a robot. We will start our discussion with
appreciation of some philosophical and psychological findings: that the emotion can
be considered as a process of internal value judgement. After that we will give a
taxonomy of learning paradigms in which we place the emotion learning paradigm.
Then we will describe an agent architecture which actually implements a
computational model of emotion learning. We will present experimental evidence of
an application of such an agent architecture as a controller of a robot that can be
A. M. Paiva (Ed.): Affective Interactions, LNAI 1814, pp. 138-149, 2000.
c Springer-Verlag Berlin Heidelberg 2000
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trained to become a goalkeeper of a robot football team in a RoboCup match. At the
end of the paper we will give a comment regarding the related work.

2

A Lesson from Psychology:
Emotion as Internal Value Judgement

Among various taxonomies of emotion in philosophy and psychology, here we will
briefly consider the taxonomy proposed by Calhoun and Solomon [12]. They divide
emotional theories into sensation, physiological, behavioral, evaluative, and cognitive.
Example of a theory of emotion saying essentially that emotion is a physiological
reaction, essentially its familiar sensory accompaniment - a "feeling", is the theory of
James and Lange [20]. To the other end, in Aristotelian theory, [12] emotion is a more
or less intelligent way of conceiving a certain situation, determined by a desire (for
example anger, the desire for revenge). Many of the modern theories involve both
physiological and cognitive view toward the emotion. Some of them are concerned
around the concept of belief, having in mind that if a person is in love, he or she must
believe that the loved one has at least some virtues or attractions. It has also been
noted that the analysis of emotion cannot be limited to the inner aspects of physiology
and psychology, to visceral disturbances, sensations, desires and beliefs; emotion
almost always has an outward aspect as well, its expression in behavior. From
behaviorists point of view, emotion has expression in a behavior, so it can be defined
as a distinctive pattern of behavior, sometimes recognized as affective behavior.
Among authors who have come to the idea to consider emotions as state
evaluations is Brentano [11]. He follows the Aristotelian view of distinguishing
emotions from cognitive and connative mental phenomena. In a sort of classification
Brentano and Scheller [29] distinguish a class of emotions that have evaluative nature,
from a class that has passionate nature. Sartre [28] and Solomon (e.g. in [12])
developed an evaluative theory in which emotions color the world with values.
What is the essence of viewing emotion as value judgement? It is a relation
between emotions and evaluative beliefs. As a rule, what we feel about other people,
events, and things in our lives generally indicates how we evaluate them. We value
what we love, admire, envy, and feel proud of; we think ill of what we hate, fear, and
find shameful or revolting. This way of thinking makes emotions logically dependent
on evaluations. So emotions are (at least partly) evaluations. It can be said that
evaluative theories compare pro- and con- emotional attitudes (liking, disliking,
loving, hating, etc) and positive and negative value judgements.
Supported by these findings from psychology and philosophy, our theory of
emotion considers emotion as a value judgement. According to this theory, an agent
builds two types of emotions: 1) emotion induced by the internal state the agent is
currently in, and 2) emotion about the previous behavior that lead to the situation the
agent is currently in. The second type of emotion can be considered as consequence
driven belief. It is a part of the logic of shame that anyone who feel ashamed must also
hold a belief to the effect that he or she has acted wrongly. By analogy, having
emotion of pride, one must have a belief that he or she has acted in a right way. Our
theory of emotion has relation to the notion of valence, in appraisal theories of
emotion [1],[22], [33].
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3 Emotion Learning: Consequence Driven Systems Approach
Among three types of learning paradigms proposed within the theory of consequence
driven systems [6] here we will consider the emotion learning paradigm, The theory
considers three types of consequence learning agents, as shown in Figure 1.
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Learning Agent

Learning Agent

Learning Agent

Figure 1. A taxonomy of consequence learning agents
As Figure 1 shows, the consequence driven systems theory deals with three types of
learning systems: tutorial learning, reinforcement learning, and emotion learning. The
tutorial learning agent from the environment receives a situation X, a (positive or
negative) reinforcement r of what it did previously, but also an advice U, what to do in
future. It produces behavior Y that affects the environment. The behavior can be a
simple atomic action or a complex behavior containing sequences of actions. The other
type of learning agent, the reinforcement learning agent did not receive any advice. It
will adjust its behavior according only to the scalar value of the reinforcement. The
third type of agent, the emotion learning agent will receive neither advice nor
reinforcement; it will learn only from the received situation. Since there is no external
reinforcement, it will build a scheme of a self-reinforcement based on its internal
emotional value, emotion(X), of the received situation X.
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The theory argues [5],[6] that in order to build an emotion learning agent, the agent
should posses 1) a genetic mechanism to receive initial, primary emotions from a
genetic environment and 2) a emotion backpropagation mechanism (secondary
reinforcement mechanism) which will develop emotions toward situations in the
behavioral environment which in turn will develop the agent behavior by means of
learning.
According to that, the emotion learning agent is a being which lives in two
environments: behavioral and genetic. Contemporary research in Genetic Algorithms
(e.g. [24]) and part of the research in Artificial Life (e.g. [21]) implicitly recognizes
the genetic environment as standard feature of agents.

4 Emotion Learning Architecture
Here we will describe (Figure 2) our emotion learning architecture, named Crossbar
Adaptive Array (CAA).. It consists of five main modules: crossbar associative memory
module, behavioral environment interface module, emotion computation module,
personality module, and genetic environment interface module.

GENETIC ENVIRONMENT
genomes
Genetic Environment Interface
hormonal pathway
Emotional
State
Evaluation

Personality
AGENT

Crossbar
Memory

Behavioral
Environment
Interface
behavior

BEHAVIORAL ENVIRONMENT
Figure 2. The CAA agent architecture
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The principal component of the CAA architecture is its memory module, a
connectionist weight matrix W. Each component waj represents the emotional value
toward performing action a in the situation j. It can be interpreted as tendency,
disposition, expected reward, or by other terms depending on the considered problem
to which CAA is used as solution architecture. From the emotional values for
performing actions in situation k, CAA computes emotional value vk of being in the
situation k. Having vk, CAA considers it as consequence of the action a performed
previously in a situation j. So, it learns that performing a in j has as consequence
emotional value vk, and on that basis it learns the desirability of performing a in j.
While the emotional values are computed column-wise, CAA, being in k, will compute
the next action row-wise. In such a way, using crossbar computation over the crossbar
elements, waj, CAA performs its crossbar emotion learning procedure, which has four
steps:
1) state j: choose an action in situation j:
(let it be action a; let the environment return situation k)
2) state k: feel the emotion being in state k:
3) state j: learn the emotion toward a in j:
4) change state: j=k; goto 1

aj = Afunc{w∗j}
vk = Vfunc{w∗k}
waj = Ufunc(vk)

where w∗k means that the computation considers all the possible desirability values of
the k-th column vector. The functions Afunc{.} and Vfunc{.} are convenient to be
defined as maximum selecting functions, but other functions can be used as well,
provided they assure the convergence of the above procedure. For example, Vfunc{.}
can be in some cases a softmax function, i.e. sum of components, or some threshold
based neural function. Both Afunc{.} and Vfunc{.} can be influenced by the personality
parameters of the agent.
The learning rule, function Ufunc(.), as used in CAA, is
w’aj = waj + vk

(1)

It is a simple learning rule, which just adds the computed emotional value vk of the
consequence situation, k, to the emotional value toward performing action a in
situation j on which k is the consequence.
The learning procedure described above is actually an emotion value
backpropagation procedure (secondary reinforcement learning procedure). Figure 3
emphasizes that using the Emotional Petri Nets concept [6]. As Figure 3 emphasizes,
the states perform action selection and emotion backpropagation, but what is
memorized, however, are the emotions associated to actions.
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Figure 3. The CAA learning procedure represented by the Emotional Petri Nets
Consider the learning rule (1), and suppose that emotional value of vj is zero, so no
emotion is assigned to that situation. After the learning step is performed, the
component waj of the situation j is incremented by the value vk. So, after learning, the
desirability of being in j is increased by vk.(in case vk is negative it is decreased and
potentially becomes an undesirable state). That means that the emotional value of the
consequence state k is backpropagated to the causal state j. In such a way, after several
runs, the CAA will learn a path toward the k-th state, and further to some goal state.
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To describe the CAA philosophy, besides its crossbar computing matrix and its
crossbar learning rule, we should describe how initial emotional preferences are
defined. All the initial values are received from the genetic environment. The genetic
environment is supposed to be a genotype reflection of the behavioral one. From the
genetic environment CAA receives a string, denoted as genome string, or simply the
CAA input genome. The input genome can have several chromosomes, but the most
important is the memory chromosome. It contains initial values W(0) of the crossbar
learning memory. So if the genetic environment properly reflects the desirable
situations in the behavioral environment, then the genome string will properly inform
the newborn CAA agent about the desirable (as well as the undesirable) situations in
the behavioral environment. Having initial emotional values of the desirable situations,
and using the emotional value backpropagation mechanism, the CAA will learn how to
reach those situations. Having defined primary emotional values by the input genome,
CAA learns a behavior in the environment by means of emotional value
backpropagation using its learning rule

5

Developing an Emotion Learning Based,
Trainable Goalkeeper Agent

Here we will give a short report on an application of this architecture in the domain
of robot learning. As a robot learning task we will present training a RoboCup robot to
take a role of a goalkeeper. Previously, the CAA architecture was used as controller in
the task of emotional maze running [5] and the task of learning to balance a pole [8].
The RoboCup task is interesting, among other things, because the RoboCup contest
is a new AI challenge, after the remarkable achievement motivated by the chess
playing challenge. After building a computer program that is able to beat even the
human world champion, the new challenge is stated as building a robot football
(soccer) playing team that will beat the human world champion [2]. Various issues
emerged around the new AI challenge, one of them being the issue of training, which
the demonstration part of this work is situated in.
There are various roles in a robot football team, the basic ones being goalkeeper,
defender and forward. The goalkeeper task is depicted in Figure 4. As Figure 4 shows,
a simple strategy for a goalkeeper is to move along the goal line using some
mechanism for line following, and try to minimize the angle α (see Figure 4). We
recognized the similarity between this control problem and the inverted pendulum
control problem. So we applied the CAA architecture as a controller of the goalkeeper,
as we did for the inverted pendulum problem [6], [8] dividing the input space into 10
situations depending on the ball position and velocity.
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ball trajectories

α
α

in-goal space
Figure 4. The goalkeeper task

As type of trainer we choose a random-shooting trainer that shoots the ball in random
directions (angles) toward the goal side. The limitation is being put on the distance
(minimal and maximal) from which the trainer shoots. The ball sometimes misses the
goal (a miss-shoot), and sometimes bounces from the sidewalls (allowed by the
RoboCup regulations). Some of the shots reach the goal, directly or after bouncing.
Using. CAA architecture, and defining the primary emotions such that receiving the
goal produces a bad feeling, the robot is bound to learn to defend the goal against the
ball.
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In a training process, one should distinguish a training phase and an exploitation
phase (a real match). The threshold between the training and exploitation is defined by
some performance measure that measures the skill and readiness of the goalkeeper to
enter the exploitation phase. As performance coefficient we choose the ratio
saved/received goals. We estimated that for a good human goalkeeper that ratio must
be at least 4 (meaning 80% saved ), so we trained the robot to achieve at least that
performance. Figure 5 shows the training curve from a typical training experiment.
As Figure 5 shows, at the beginning the robot may save the goal by chance, but
after several steps the training performance will drop and increase later due to the
learned goalkeeping behavior. In this particular experiment, after about 90 shoots the
robot has gained enough experience to start behaving as a goalkeeper. Its performance
is getting better gradually. However, although it is trained to recognize most of the
situations after 90 training trials, some of the situations are learned later during the
training. The training in this experiment is carried out until the training performance
ratio reaches the value 4. It is assumed that this goalkeeper is now well trained and can
enter its exploitation phase. Note that the learning curve in Figure 5 shows its
saturation as a linearly increasing tendency. A standard saturation toward the value of
1 is seen using the performance ratio saved/(received+saved) goals.
We carried out a number of successful experiments on our Java simulator. The
success was measured in a sense that all experiments achieved a performance ratio
greater than 4. Actually, in our training experiments we achieved a ratio between 4 and
10 in less than 500 training shots (including misses).

6

Related Work

Being a subject of interest in psychology for centuries, the issue of emotion in
cognitive science and AI seems to be invoked by Simon [31]. Some early works on
emotion and feelings in agent architectures are the conceptual architecture of mind
connecting emotions to motives proposed in [32], and the connectionist learning
architecture proposed in [5] which used affective representation of emotional states
using facial expressions. Several cognitive science related books cover the subject of
emotions and emotion based agents, including [23], [16], [3], [6], [18], [22], [26]. A
review on contemporary emotion research effort is given in [15].
Besides the relation to emotion-based agents and architectures, this work is related
to reinforcement learning, especially to Q-learning [37], [4], [8]. The work [5]
introduced three crucial notions to reinforcement learning:, 1) the notion of state
evaluation, 2) the term “delayed reinforcement learning” instead of the previously used
term “assignment of credit”, and 3) the learning procedure in which an agent should
compute state values but learn and remember the action values (Figure 3). The author
believes that this is actually what is currently meant in AI under the notion of Qlearning [27]. It is out of scope of this paper to elaborate this further, but one point
should be emphasized, which is relevant to emotion research and affective computing
approach: the notion of emotion and feeling was present from the very beginning of
introduction of state evaluation concept in reinforcement learning.
Also, learning to play football is gradually gaining attention within the RoboCup
community, and is heavily related to this work. The work within the GMD RoboCup
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team [9] and the dual dynamics approach [10] provided preconditions for this work
and the described application. There have been several reports on training a football
playing robot. An interesting approach has been reported in [34]. A robot was trained
for a shooting role, where a supervised pattern classification method was implemented.
A human expert selected a training set of various possible shooting situations, and
assigned a desired shoot for each situation. It was shown that a successful training is
achieved using this method. Another approach has been reported for passing-shooting
pair from the Osaka team. It was mentioned [2] that the Osaka team used
reinforcement learning for training the goalkeeper too, but we have not yet had the
opportunity to study the description of this training.

7

Conclusion

This paper considers the problem of how to define the concept of emotion in robots
and how to implement that concept in the learning process. The notions of artificial
emotion and emotion learning are associated to this effort. The discussion is situated
within the theory of consequence driven systems, where the emotion learning agent is
assumed to be an agent that has ability to learn without an external reinforcement; it
had been argued that such an agent can learn only if it develops an internal evaluation
mechanism, and indeed, emotions are such a mechanism. Basing on that observation,
and finding support in evaluative theories of emotion proposed in psychology and
philosophy, this research develops an emotion learning architecture, based on a
connectionist crossbar adaptive array. That architecture uses a learning rule which
indeed implements emotion in its structure.
The paper is believed to contribute toward computational theories of emotion. It
presents a working theory and model which could influence building emotion-based
agents. It also presents a psychological and philosophical grounds for the approach
taken. In its application illustration part, this work briefly reports on an attempt to train
a goalkeeper robot, which is believed to be an interesting application of the emotionlearning concept. The clear message of the paper is that the approach using emotion as
value judgement could be a fruitful approach of looking for emotions in artificial
agents.
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$EVWUDFW $ JURZLQJ QXPEHU RI UHVHDUFK SURMHFWV LQ DFDGHPLD DQG
LQGXVWU\ KDYH UHFHQWO\ VWDUWHG WR GHYHORS OLIHOLNH DJHQWV DV D QHZ
PHWDSKRU IRU KLJKO\ SHUVRQDOLVHG KXPDQPDFKLQH FRPPXQLFDWLRQ $
VWURQJ DUJXPHQW LQ IDYRXU RI XVLQJ VXFK FKDUDFWHUV LQ WKH LQWHUIDFH LV
WKHIDFWWKDWWKH\PDNHKXPDQFRPSXWHULQWHUDFWLRQPRUHHQMR\DEOHDQG
DOORZIRUFRPPXQLFDWLRQVW\OHVFRPPRQLQKXPDQKXPDQGLDORJXH,Q
WKLV SDSHU ZH GLVFXVV WKUHH RQJRLQJ SURMHFWV WKDW XVH SHUVRQDOLW\ DQG
HPRWLRQV WR DGGUHVV GLIIHUHQW DVSHFWV RI WKH DIIHFWLYH DJHQWXVHU
LQWHUIDFH D  3XSSHW XVHV DIIHFW WR WHDFK FKLOGUHQ KRZ WKH GLIIHUHQW
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WKH EHOLHYDELOLW\ RI D YLUWXDO FKDUDFWHU DQG SURGXFH D PRUH QDWXUDO
FRQYHUVDWLRQDOPDQQHU
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>@DQGDIIHFWLYHXVHULQWHUIDFHV>@7KHLHVHSURMHFW3XSSHWSURPRWHVWKHLGHDRID
YLUWXDO SXSSHW WKHDWUH DV DQ LQWHUDFWLYH OHDUQLQJ HQYLURQPHQW WR VXSSRUW WKH
GHYHORSPHQWRIDFKLOG¶VHPRWLRQDOLQWHOOLJHQFHVNLOOV7KHVHFRQGSURMHFWIHDWXUHVDQ
,QKDELWHG0DUNHW3ODFHLQZKLFKSHUVRQDOLW\WUDLWVDUHXVHGWR PRGLI\WKHFKDUDFWHUV¶
UROHV RI YLUWXDO DFWRUV LQ VDOHV SUHVHQWDWLRQV 7KH 3UHVHQFH SURMHFW XVHV DQ LQWHUQDO
PRGHO RI WKH DJHQW¶V DQG SRVVLEO\ WKH XVHU¶V  DIIHFWLYH VWDWH WR JXLGH WKH
FRQYHUVDWLRQDOGLDORJXHEHWZHHQDJHQWDQGXVHU$OWKRXJKDOOWKUHHSURMHFWVUHO\RQD
PRUH RU OHVV VLPLODU DSSURDFK WRZDUGV PRGHOOLQJ HPRWLRQV DQG SHUVRQDOLW\ WUDLWV
WKHUH DUH YDULDWLRQV ZLWK UHJDUG WR WKH XQGHUO\LQJ XVHUDJHQW V  UHODWLRQVKLS V  WKH
IDFWRUV WKDW LQIOXHQFH DQ DJHQW¶V HPRWLRQDO VWDWH WKH FRPSOH[LW\ RI WKH XQGHUO\LQJ
PRGHO RI HPRWLRQV DQG WKH ZD\ LQ ZKLFK HPRWLRQV DQG SHUVRQDOLW\ WUDLWV DUH PDGH
REVHUYDEOH7KHIROORZLQJVHFWLRQVSURYLGHVKRUWRYHUYLHZVRIWKHWKUHHSURMHFWVDQG
GLVFXVVWKHLUDIIHFWLYHQDWXUHLQPRUHGHWDLO



%DVLF&RQFHSWV

2QHRIWKHILUVWFKDOOHQJHVZHPXVWIDFHZKHQDWWHPSWLQJWRXVHDIIHFWZLWKLQRXU
DUFKLWHFWXUHV LV WR UHFRJQLVH WKH IDFW WKDW WKH WHUP GRHV QRW UHIHU WR D ZHOOGHILQHG
FODVVRISKHQRPHQDFOHDUO\GLVWLQJXLVKDEOHIURPRWKHUPHQWDODQGEHKDYLRXUDOHYHQWV
$IIHFWLVXVHGZLWKLQWKHOLWHUDWXUHWRGHVFULEHWKHFODVVRIPRWLYDWLRQDOFRQWUROVWDWHV
ZKLFKUHVXOWIURPYDOHQFHGUHDFWLRQVWRREMHFWVDQGHYHQWVWKHVHLQFOXGHHPRWLRQV
PRRGDQGDURXVDO7KHUHIRUHWKHRQO\JHQHUDOLVDWLRQZHFDQUHDOO\PDNHDERXWDIIHFW
LV WKDW LW PXVW FRQWDLQ DW OHDVW WKH WZR DWWULEXWHV RI DFWLYDWLRQ DQG YDOHQFH 7KH
GLIIHUHQW FODVVHV RI DIIHFWLYH VWDWHV FDQ IXUWKHU EH GLIIHUHQWLDWHG E\ GXUDWLRQ IRFXV
LQWHQVLW\DQGH[SUHVVLRQHIIHFWHPRWLRQVWHQGWREHFORVHO\DVVRFLDWHGZLWKDVSHFLILF
HYHQWRUREMHFWDQGKDYHDVKRUWGXUDWLRQZKHUHDVPRRGLVPRUHGLIIXVHDQGRIORQJHU
GXUDWLRQ:LWKLQWKHFRQWH[WRIWKLVSDSHUZHGHILQHSHUVRQDOLW\DV ³WKHFRPSOH[RI
FKDUDFWHULVWLFV WKDW GLVWLQJXLVKHV DQ LQGLYLGXDO RU D QDWLRQ RU JURXS HVSHFLDOO\ WKH
WRWDOLW\RIDQLQGLYLGXDO¶VEHKDYLRXUDODQGHPRWLRQDOFKDUDFWHULVWLFV´DQGHPRWLRQDV
³DIIHFW WKDW LQWHUUXSWV DQG UHGLUHFWV DWWHQWLRQ XVXDOO\ ZLWK DFFRPSDQ\LQJ
DURXVDO ´>@
$OWKRXJKWKHUHLVQRFRQVHQVXVLQWKHQDWXUHRUPHDQLQJRIDIIHFWH[LVWLQJWKHRULHV
DQGPRGHOVRISHUVRQDOLW\DQGHPRWLRQFDQVWLOOSOD\DQXVHIXOUROHLQHQKDQFLQJXVHU
DJHQW LQWHUDFWLRQ  HYHQ WKRXJK WKH\ GR QRW FDSWXUH WKH DIIHFWLYH SKHQRPHQD LQ LWV
HQWLUHW\$VDVWDUWLQJSRLQWIRURXUZRUNZHKDYHWDNHQWKH)LYH)DFWRU0RGHO ))0
>@RISHUVRQDOLW\DQGWKH&RJQLWLYH 6WUXFWXUHRI(PRWLRQVPRGHO 2&& 2UWRQ\
&ORUHDQG&ROOLQV >@7KHVHPRGHOVDUHUHDGLO\DPHQDEOHWRWKHLQWHQWLRQDOVWDQFH
DQG VR LGHDOO\ VXLWHG WR WKH WDVN RI FUHDWLQJ FRQFUHWH UHSUHVHQWDWLRQVPRGHOV RI
SHUVRQDOLW\ DQG HPRWLRQV ZLWK ZKLFK WR HQKDQFH WKH LOOXVLRQ RI EHOLHYDELOLW\ LQ
FRPSXWHUFKDUDFWHUV
(PRWLRQV 7KH 2&& PRGHO RI HPRWLRQV SURYLGHV D FODVVLILFDWLRQ VFKHPH IRU
FRPPRQHPRWLRQODEHOVEDVHGRQDYDOHQFHUHDFWLRQWRHYHQWVDQGREMHFWVLQWKHOLJKW
RIDJHQWJRDOVVWDQGDUGVDQGDWWLWXGHV7KH2&&PRGHOLVDPRGHORIFDXVDWLRQDQG

(OLVDEHWK$QGUpHWDO

ZLOOEHXVHGZLWKLQERWK3UHVHQFHDQG3XSSHWWRGHWHUPLQHWKHDIIHFWLYHVWDWHRIWKH
FKDUDFWHULQUHVSRQVHWRHYHQWVLQWKHHQYLURQPHQW VHHDOVR>@DQG>@ 
3HUVRQDOLW\ 7KH ))0 LV D SXUHO\ GHVFULSWLYH PRGHO ZLWK WKH ILYH GLPHQVLRQV
([WUDYHUVLRQ$JUHHDEOHQHVV&RQVFLHQWLRXVQHVV1HXURWLFLVPDQG 2SHQQHVV  EHLQJ
GHULYHG IURP D IDFWRU DQDO\VLV RI D ODUJH QXPEHU RI VHOI DQG SHHU UHSRUWV RQ
SHUVRQDOLW\UHOHYDQWDGMHFWLYHV7KHGHVFULSWLYHQDWXUHRIWKH))0JLYHVXVDQH[SOLFLW
PRGHORIWKHFKDUDFWHU¶VSHUVRQDOLW\DQGLQWXUQDOORZVXVWRFRQFHQWUDWHRQXVLQJWKH
DIIHFWLYH LQWHUIDFH WR GLUHFWO\ H[SUHVV WKRVH WUDLWV ZKLFK RIIHUV WKH LQWHUHVWLQJ
SRVVLELOLW\RIDWWHPSWLQJWRUHFUHDWHWKHFKDUDFWHU¶VSHUVRQDOLW\WUDLWVIURPDQDQDO\VLV
RI WKH HPHUJHQW VRFLDO LQWHUDFWLRQ  )XUWKHUPRUH DV ZH DUH IRFXVLQJ RQ VRFLDO
LQWHUDFWLRQV ZH FDQ FRQFHQWUDWH RQ WKH WUDLWV RI H[WUDYHUVLRQ 6RFLDEOH YV
PLVDQWKURSLF2XWJRLQJYVLQWURYHUWHG&RQILGHQFHYVWLPLGQHVV DQGDJUHHDEOHQHVV
)ULHQGOLQHVV YV LQGLIIHUHQFH WR RWKHUV $ GRFLOH YV KRVWLOH QDWXUH &RPSOLDQFH YV
KRVWLOH QRQFRPSOLDQFH   DOWKRXJK ZH ZLOO DOVR XVH QHXURWLFLVP $GMXVWPHQW YV
DQ[LHW\ /HYHO RI HPRWLRQDO VWDELOLW\ 'HSHQGHQFH YV LQGHSHQGHQFH  WR FRQWURO WKH
LQIOXHQFHRIHPRWLRQVZLWKLQRXUFKDUDFWHUV
,QDGGLWLRQWRJHQHUDWLQJ DIIHFWLYHVWDWHV ZH PXVWDOVRH[SUHVVWKHPLQD PDQQHU
HDVLO\LQWHUSUHWDEOHWRWKHXVHU ZKLFKLQWKHFDVHRIWKH3XSSHWSURMHFWZLOOEH\RXQJ
FKLOGUHQ 3HUVRQDOLW\ DQG HPRWLRQV FDQ EH FRQYH\HG LQ YDULRXV ZD\V $FFRUGLQJ WR
HPSLULFDO VWXGLHV H[WUDYHUW FKDUDFWHUV XVH PRUH GLUHFW DQG SRZHUIXO SKUDVHV WKDQ
LQWURYHUWFKDUDFWHUV>@VSHDNORXGHUDQGIDVWHU>@DQGXVHPRUHH[SDQVLYHJHVWXUHV
>@ )XUWKHUPRUH WKH UHQGHULQJ RI GLDORJXH DFWV GHSHQGV RQ DQ DJHQW¶V HPRWLRQDO
VWDWH (IIHFWLYH PHDQV RI FRQYH\LQJ D FKDUDFWHU¶V HPRWLRQV LQFOXGH DFRXVWLF
UHDOLVDWLRQERG\JHVWXUHVDQGIDFLDOH[SUHVVLRQV>@:KLOHWKHVHVWXGLHVVHHPGLUHFWO\
DSSOLFDEOHWRDQWKURSRPRUSKLFDJHQWVOLNHWKH3UHVHQFH3HUVRQDLWLVQRWFOHDUWRZKDW
H[WHQWWKH\DSSO\WRDQLPDOVZLWKDQWKURSRPRUSKLFIHDWXUHVVXFKDVWKHFKDUDFWHUVLQ
WKH9LUWXDO3XSSHWWKHDWUH
,Q DOO WKUHH SURMHFWV SHUVRQDOLW\ DQG HPRWLRQV DUH XVHG DV ILOWHUV WR FRQVWUDLQ WKH
GHFLVLRQSURFHVVZKHQVHOHFWLQJDQGLQVWDQWLDWLQJWKHDJHQW¶VEHKDYLRXU)RULQVWDQFH
ZH PLJKW GHILQH VSHFLILF EHKDYLRXUV IRU H[WUDYHUW FKDUDFWHUV LQ D FHUWDLQ HPRWLRQDO
VWDWH+RZHYHUWKHUHDUHRWKHU DIIHFWLYH VWDWHVZHZRXOGOLNHWRFRQYH\WKDWDUHQRW
VLPSO\ WKH UHVXOW RI DQ DIIHFWLYH DSSUDLVDO DV LQ WKH 2&& PRGHO  RU HDVLO\ GHULYHG
IURPSHUVRQDOLW\WUDLWVLHIDWLJXHERUHGRPDQGKXQJHU7RPRGHOWKHVHVWDWHVZH
ZLOO PLPLF RXU FKDUDFWHU¶V DFWLYH ERG\ VWDWH ZLWK PRWLYDWLRQDO GULYH PHFKDQLVPV WR
SURYLGHWKHDIIHFWLYHLQSXWVLJQDOV



7KH5ROHRI$IIHFWLQ3XSSHW

7KHREMHFWLYHRIWKH3XSSHWSURMHFWLVWRGHYHORSDQGLQYHVWLJDWHWKHYDOXHRID QHZ
YLUWXDOUHDOLW\HQYLURQPHQWWKH9LUWXDO3XSSHW7KHDWUH 937 EDVHGRQDWKHRUHWLFDO
IUDPHZRUN RI ³OHDUQLQJ WKURXJK H[WHUQDOLVDWLRQ´ >@ 'HSOR\LQJ XVHUFRQWUROOHG
DYDWDUVDQGV\QWKHWLFFKDUDFWHUVLQWKHFKLOG¶VRZQSOD\SURGXFWLRQWKHFKLOGUHQKDYH
WRGLVWLQJXLVKDQGPDVWHUPXOWLSOHUROHVLQWKHLULQWHUDFWLRQZLWKWKHV\VWHPHJWKDW
RI D GLUHFWRU DQ DFWRU DQG DQ DXGLHQFH ZLWK WKH PDLQ DFWLYLWLHV SURGXFLQJ HQDFWLQJ
DQG UHIOHFWLQJ UHVSHFWLYHO\ :LWKLQ WKLV SURFHVV WKH FKLOGUHQ VKRXOG JDLQ D EDVLF

,QWHJUDWLQJ0RGHOVRI3HUVRQDOLW\DQG(PRWLRQVLQWR/LIHOLNH&KDUDFWHUV

XQGHUVWDQGLQJRQKRZGLIIHUHQWHPRWLRQDOVWDWHVFDQFKDQJHRU PRGLI\DFKDUDFWHU¶V
EHKDYLRXU DQG KRZ SK\VLFDO DQG YHUEDO DFWLRQV LQ VRFLDO LQWHUDFWLRQ FDQ LQGXFH
HPRWLRQV LQ RWKHUV 7KHVH HPRWLRQDO LQWHOOLJHQFH VNLOOV DUH LPSRUWDQW IRU XV ZLWK
UHVSHFWWRWKHHDUO\OHDUQLQJJRDOV³VRFLDOUROHGHFHQWULQJ´DQGWKHRU\RI PLQG2XU
DSSURDFKLVVLPLODUWR>@ZKLFKDOORZVFKLOGUHQWRGLUHFWDSXSSHW¶V PRRGDFWLRQV
DQG XWWHUDQFHV LQ LQWHUDFWLYH VWRU\PDNLQJ DQG WR >@ ZKHUH FKLOGUHQ PD\ LQGXFH
VRPH FKDQJHV LQ WKHLU FKDUDFWHUV HPRWLRQDO VWDWH EHVLGHV VHOHFWLQJ D FKDUDFWHU¶V
DFWLRQV


$SSOLFDWLRQ'RPDLQ

)RURXUILUVWSURWRW\SH 937 GHYHORSHGIRUFKLOGUHQDWWKHDJHRIZHGHFLGHGWR
PRGHODIDUP\DUGDVDFRKDELWHGYLUWXDOZRUOGLQZKLFKWKHFKLOG¶VDYDWDU HJWKH
IDUPHU  DQG D VHW RI V\QWKHWLF FKDUDFWHUV SLJV FRZV HWF  FDQ LQWHUDFW ZLWK HDFK
RWKHU)LJVKRZVDVFUHHQVKRWRIWKHYLUWXDO'HQYLURQPHQWZKLFKZDVGHYHORSHG
E\ RXU SURMHFW SDUWQHUV IURP WKH /DERUDWRU\ RI ,PDJH $QDO\VLV DW WKH 8QLYHUVLW\ RI
$DOERUJ2XUFKDUDFWHUVDUHGHVLJQHGWRH[KLELWERWKSK\VLFDODQGYHUEDO EHKDYLRXU
:HGRQRWWU\WRPRGHO³UHDO´DQLPDOVEXWPDNHWKHPPRUHFDUWRRQOLNHLQVWHDG

)LJ'3URWRW\SHRIWKHIDUP\DUGVFHQDULR

)RU WKH FRPPXQLFDWLRQ EHWZHHQ WKH DYDWDU DQG D FKDUDFWHU ZH ZLOO XVH D VLPSOH
VSHHFKDFWEDVHGGLDORJXHPRGHODQGDVHWRISUHUHFRUGHGXWWHUDQFHV7KHDJHQWVDUH
HTXLSSHG ZLWK YLUWXDO VHQVRUV DQG HIIHFWRUV ZKLFK FRQQHFW WKHP WR WKH ' YLUWXDO
HQYLURQPHQWDQGFRQWUROOHGE\DQDJHQWDUFKLWHFWXUHWKDWLQWHJUDWHVGHOLEHUDWLYH JRDO
GULYHQ DQGUHDFWLYH GDWDGULYHQ SODQQLQJ7RIRVWHUWKHDERYHPHQWLRQHGHPRWLRQDO
VNLOOV ZH SURYLGH WZR GLVWLQFW VHWV RI LQWHUIDFHV ZKLFK FDQ EH XVHG E\ WKH FKLOG WR

(OLVDEHWK$QGUpHWDO

FRQWURODFKDUDFWHU¶VEHKDYLRXU$ERG\FRQWUROLQWHUIDFHZKLFKJLYHVIXOOFRQWURORYHU
WKHPRYHPHQWRIWKHVHOHFWHGFKDUDFWHUDQGDPLQGFRQWUROLQWHUIDFHZKLFKDOORZVWR
FKDQJH WKH FKDUDFWHU¶V HPRWLRQDO VWDWH WKXV ELDVLQJ WKH EHKDYLRXU LQ VRPH GLUHFWLRQ
ZLWKRXWVSHFLI\LQJWKHDFWXDOPRWLRQSDWWHUQ7KHPLQGFRQWUROLQWHUIDFHLVLFRQEDVHG
ZLWKSURWRW\SLFDOIDFLDOH[SUHVVLRQVIRUWKHPRGHOOHGHPRWLRQW\SHV7KHGHVLJQRIWKH
LQWHUIDFHLVEDVHGRQHPSLULFDOVWXGLHV>@6HOHFWLQJDQ XWWHUDQFHLVDVKDUHGHIIRUW
EHWZHHQWKHFKLOGDQGDQDGXOWKHOSHU8WWHUDQFHVZLWKWKHVDPHVSHHFKDFWDVVLJQHG
WRWKHPDUHWUHDWHGDVHTXLYDOHQWE\WKH V\VWHP6LPLODU WR WKH V\VWHPV GHVFULEHG LQ
>@DQG>@ZHVHSDUDWHWKHKLJKOHYHOEHKDYLRXUSODQQLQJDQGDIIHFWLYHUHDVRQLQJ
WKH³PLQG´ IURPWKHDQLPDWLRQSODQQLQJDQGFRQWUROPRGXOHV WKH³ERG\´ 7KHILUVW
LV GRQH E\ WKH DJHQW DUFKLWHFWXUH DV GHVFULEHG LQ WKH QH[W VHFWLRQ DQG WKH ODWWHU OLHV
ZLWKLQWKHUHVSRQVLELOLW\RIWKH'YLUWXDOHQYLURQPHQW


(PRWLRQVDQG3HUVRQDOLW\

7KH DJHQW DUFKLWHFWXUH XVHG IRU WKH KLJKOHYHO EHKDYLRXU SODQQLQJ DQG DIIHFWLYH
UHDVRQLQJFRQVLVWVRIDNQRZOHGJHEDVHDSODQOLEUDU\DQLQWHUSUHWHUDQGDQLQWHQWLRQ
VWUXFWXUH 7KH NQRZOHGJH EDVH LV D GDWDEDVH WKDW FRQWDLQV WKH ZRUOG PRGHO WKH
³EHOLHIV´ RIDFKDUDFWHU7KHSODQOLEUDU\LVDFROOHFWLRQRISODQVWKDWDQDJHQWFDQXVH
WRDFKLHYHLWVJRDOVDQGWKHLQWHQWLRQVWUXFWXUHLVDQLQWHUQDOPRGHORIWKHFXUUHQWJRDOV
WKH ³GHVLUHV´  DQG LQVWDQWLDWHG SODQV WKH ³LQWHQWLRQV´  RI WKDW DJHQW :LWKLQ WKLV
DUFKLWHFWXUH ZH FDQ KDYH PXOWLSOH DFWLYH JRDOV DQG PXOWLSOH SODQV IRU HDFK JRDO
&RQIOLFW UHVROXWLRQ SODQ VHOHFWLRQ LQVWDQWLDWLRQ DQG H[HFXWLRQ DUH KDQGOHG E\ WKH
LQWHUSUHWHU VHH)LJ 

3ODQ/LEUDU\
.QRZOHGJH%DVH

%RG\
6WDWHV
3HUFHSWVDQG(YHQWVIURP
WKH9LUWXDO(QYLURQPHQW

8VHU,QSXWIURPWKH0LQG
&RQWURO,QWHUIDFH

,QWHUSUHWHU

:RUOG
0RGHO

%HKDYLRXU3ODQQLQJ

0LQG
0RGHO

$IIHFWLYH5HDVRQLQJ

,QWHQWLRQ6WUXFWXUH

$FWLRQ6SHFLILFDWLRQIRUWKH
9LUWXDO(QYLURQPHQW

)LJ$JHQWDUFKLWHFWXUHIRU937

7KHUH DUH WZR W\SHV RI LQSXW ZKLFK FDQ LQIOXHQFH DQ DJHQW¶V EHKDYLRXU SODQQLQJ
DQG DIIHFWLYH UHDVRQLQJ SHUFHSWV DQG HYHQWV IURP WKH YLUWXDO HQYLURQPHQW DQG XVHU
LQSXW IURP WKH PLQG FRQWURO LQWHUIDFH 7KH ILUVW LV XVHG WR XSGDWH WKH DJHQW¶V ZRUOG
PRGHO ZKLFK DOVR LQIOXHQFHV WKH DIIHFWLYH UHDVRQLQJ SURFHVV  DQG WKH VHFRQG WR
GLUHFWO\ FKDQJH LWV DIIHFWLYH VWDWH HQFRGHG LQ WKH PLQG PRGHO 7KH LQWHUSUHWHU ZLOO
PRGLI\DQGUHSODFHDOORQJRLQJEHKDYLRXUVDIIHFWHGE\WKHVHFKDQJHVDQGPLJKWHYHQ
LQVWDQWLDWHQHZRQHVLIWKH\DUHEHWWHUVXLWHGLHKDYHDKLJKHUXWLOLW\WRH[SUHVVWKH
SXSSHW¶V PHQWDO VWDWH LQ WKH FXUUHQW FRQWH[W 7R LQFUHDVH WKH OLIHOLNHQHVV RI D
FKDUDFWHU ZH DOVR LQWURGXFH ERG\ VWDWHV IDWLJXH ERUHGRP KXQJHU  ZKLFK DUH

,QWHJUDWLQJ0RGHOVRI3HUVRQDOLW\DQG(PRWLRQVLQWR/LIHOLNH&KDUDFWHUV

UHSUHVHQWHGZLWKLQWKHNQRZOHGJHEDVHDQGUHJXODUO\XSGDWHGE\ WKHLQWHUSUHWHU7KH
ERG\VWDWHVDFWDVPRWLYDWLRQDOGULYHVWKDWLPSHOWKHDJHQWLQWRDFWLRQE\DFWLYDWLQJWKH
DSSURSULDWHEHKDYLRXU VOHHSLQJSOD\LQJHDWLQJDQGGULQNLQJ  ZKLFKLVWKHQFDUULHG
RXWLQDFKDUDFWHUVSHFLILFZD\ LIDGRJLVKXQJU\LWZLOOJRWRWKHIDUPKRXVHZKHUHDV
D FRZ ZLOO VWDUW JUD]LQJ  7KH RXWSXW RI WKH SODQQLQJ SURFHVVHV LV DQ DFWLRQ
VSHFLILFDWLRQ IRU WKH YLUWXDO HQYLURQPHQW ,W FRQWDLQV DSSURSULDWH PDUNXSV HJ IRU
WKHIDFLDOH[SUHVVLRQ WDNLQJLQWRDFFRXQWWKHFXUUHQWHPRWLRQDOVWDWH
$VDVWDUWLQJSRLQWIRUWKHPLQGPRGHOFDSWXULQJWKHSHUVRQDOLW\DQGDIIHFWLYHVWDWHV
RIRXUFKDUDFWHUVZHXVHWKH2&&PRGHO,Q3XSSHWLWLVSDUWLFXODUO\LPSRUWDQWWKDWZH
FDQ H[SUHVV WKHVH VWDWHV LQ D PDQQHU HDVLO\ LQWHUSUHWDEOH E\ \RXQJ FKLOGUHQ :H
WKHUHIRUH GHFLGHG WR PRGHO WKH HPRWLRQ W\SHV $QJHU )HDU +DSSLQHVV DQG 6DGQHVV
EDVHG RQ HYLGHQFH VXJJHVWLQJ WKHLU XQLYHUVDOLW\ >@ DQG WKH IDFW WKDW WKHUH DUH
GLVWLQFWLYHIDFLDOH[SUHVVLRQVZKLFKFDQEHLQWHUSUHWHGSURSHUO\E\FKLOGUHQRIDJH
>@ (PRWLRQV DUH SULPDULO\ FRQYH\HG E\ IDFLDO H[SUHVVLRQV DQG WKH VHOHFWLRQ RI
DSSURSULDWHVRXQGV DFDWZLOOSXUULILWLVKDSS\DQGKLVVLILWLVDQJU\ 7KH\DUHHLWKHU
FRPSXWHG E\ HPRWLRQ JHQHUDWLQJ UXOHV DFFRUGLQJ WR WKH 2&& PRGHO RU GLUHFWO\
PDQLSXODWHGE\WKHFKLOGWKURXJKWKHPLQGFRQWUROLQWHUIDFH VHH)LJ 
7R PRGHO SHUVRQDOLW\ ZH DGRSW WKH ))0 EXW UHGXFH LW WR WKH GLPHQVLRQV
H[WURYHUVLRQDQGDJUHHDEOHQHVVEHFDXVHWKH\GHWHUPLQHWRDODUJHH[WHQWKRZDQDJHQW
ZLOOEHKDYHLQVRFLDOLQWHUDFWLRQV>@,QDGGLWLRQZHVSHFLI\IRUHDFKFKDUDFWHUDVHW
RISUHIHUHQFHV HJWKHGRJOLNHVERQHV DQGORQJWHUPJRDOV0RVWFKDUDFWHULVWLFVDUH
WDLORUHGIRUHDFKFKDUDFWHUWRJLYHWKHPXQLTXHSVHXGRSHUVRQDOLWLHV7KLVPHDQVWKDW
ZH FDQ RQO\ SDUWLDOO\ UHO\ RQ WKH VDPH KLJKOHYHO EHKDYLRXU WR FRQYH\ SHUVRQDOLW\
IHDWXUHV HJ JUHHW DQRWKHU FKDUDFWHU DQG VWDUW SOD\LQJ LI \RX DUH H[WURYHUW DQG
DJUHHDEOH DQGWKDWZHKDYHWRGHYLVHFKDUDFWHUVSHFLILFRQHVRWKHUZLVH
3XSSHW RIIHUV D YDULHW\ RI GLIIHUHQW XVHUDJHQW V  UHODWLRQVKLS V  ,Q ³HQDFWLQJ
PRGH´WKHFKLOGXVHVDQDYDWDUWRLQWHUDFWZLWKRWKHUFKDUDFWHUVLQWKHVFHQH7KLVLV
VLPLODUEXWQRWLGHQWLFDOWR3UHVHQFHZKHUHWKHXVHULQWHUDFWVZLWKWKH3HUVRQDWKURXJK
DVHWRILQSXWGHYLFHV7KHVHFRQGPRGHWKHFKLOGSOD\LQJWKHUROHRIDQDXGLHQFHE\
REVHUYLQJWKHLQWHUDFWLRQRIWZRRUPRUHDXWRQRPRXVDJHQWVKDVLWVHTXLYDOHQWLQWKH
,QKDELWHG 0DUNHW 3ODFH ZKHUH WKH XVHU REVHUYHV D GLDORJXH SHUIRUPHG E\ D WHDP RI
FKDUDFWHUV+RZHYHUWKHUHLVDWKLUGGLVWLQFWXVHUDJHQWUHODWLRQVKLSLQ3XSSHWQDPHO\
WKDWRIWKHFKLOGEHLQJDGLUHFWRULHFRQWUROOLQJWKHEHKDYLRXURIDOOFKDUDFWHUVLQWKH
VFHQH7KLVLVVLPLODUWRPDNHEHOLHYHSOD\ZLWKSK\VLFDOSXSSHWVGXULQJFKLOGKRRGLQ
ZKLFK WKH FKLOG WDNHV RQ D VHULHV RI UROHV 7KH GLIIHUHQFH LV WKDW WKH DQLPDOV LQ RXU
VFHQDULR DUH VHPLDXWRQRPRXV LH WKH\ WDNH GLUHFWLRQV HJ WKH FKLOG FDQ IRUFH WKH
SXSSHWV WR GR RU VD\ VRPHWKLQJ RU FKDQJH LWV DIIHFWLYH VWDWHV  WKDW ELDV EXW QRW
FRPSOHWHO\ VSHFLI\WKHLUEHKDYLRXU+RZDQDJHQW ZLOO UH DFWLQ D VSHFLILF VLWXDWLRQ
DOVR GHSHQGV RQ LWV LQWHUQDO ERG\ VWDWHV DQG SHUVRQDOLW\ IHDWXUHV 7KLV PRGH FRXOG
SURYLGHYDOXDEOHLQVLJKWVEHFDXVHZHFDQREVHUYHZKHQDQGKRZWKHFKLOGUHQFKDQJH
WKH HPRWLRQDO VWDWH RI D FKDUDFWHU VRPHWKLQJ WKDW LV QRW VR HDV\ WR LQIHU LQ
FRQYHQWLRQDOPDNHEHOLHYHSOD\
2YHUWKHQH[WIHZPRQWKVRXUSURMHFWSDUWQHUVDW&2*6ZLOOHYDOXDWHDJURXSRI
 \HDU ROG FKLOGUHQ EHIRUH DQG DIWHU WKH\ SOD\HG ZLWK WKH 937 :H KRSH WKDW WKHLU
ILQGLQJVZLOOYDOLGDWHRXUDVVXPSWLRQWKDWWKHFKLOGUHQ¶VHPRWLRQDOLQWHOOLJHQFHVNLOOV
ZLOOEHLPSURYHGE\FRQVWUXFWLQJVLPSOHPRGHOVRIWKHYLUWXDOSXSSHWVPLQGV,WZLOO
EH DOVR LQWHUHVWLQJ WR VHH KRZ WKH DELOLW\ WR WDNH WKH VXEMHFWLYH YLHZ RI GLIIHUHQW

(OLVDEHWK$QGUpHWDO

FKDUDFWHUV DV DQ DFWRU  DQG WR GLUHFW WKHLU EHKDYLRXU LQ WKH UROH RI D GLUHFWRU  ZLOO
LQFUHDVH WKHLU XQGHUVWDQGLQJ RI WKH G\QDPLFV LQ VRFLDO LQWHUDFWLRQV HVSHFLDOO\ KRZ
HPRWLRQVLQIOXHQFHWKHVHLQWHUDFWLRQV



7KH5ROHRI$IIHFWLQ7KH,QKDELWHG0DUNHW3ODFH

7KH REMHFWLYH RI WKH ,QKDELWHG 0DUNHW 3ODFH LV WR LQYHVWLJDWH VNHWFKHV JLYHQ E\ D
WHDPRIOLIHOLNHFKDUDFWHUVDVDQHZ IRUPRI VDOHVSUHVHQWDWLRQ7KHEDVLFLGHDLVWR
FRPPXQLFDWH LQIRUPDWLRQ E\ PHDQV RI VLPXODWHG GLDORJXHV WKDW DUH REVHUYHG E\ DQ
DXGLHQFH 7KH SXUSRVH RI WKLV SURMHFW LV QRW WR LPSOHPHQW D PRUH RU OHVV FRPSOHWH
PRGHO RI SHUVRQDOLW\ IRU FKDUDFWHUV VXFK DV D VHOOHU DQG D FXVWRPHU 5DWKHU WKH
GHPRQVWUDWLRQV\VWHPKDVEHHQGHVLJQHGDVDWHVWEHGIRUH[SHULPHQWLQJZLWKYDULRXV
SHUVRQDOLWLHVDQGUROHV


$SSOLFDWLRQ'RPDLQ

$VVXJJHVWHGE\WKHQDPHWKHLQKDELWHGPDUNHWSODFHLVDYLUWXDOSODFHLQZKLFKVHOOHU
DJHQWV SURYLGH SURGXFW LQIRUPDWLRQ WR SRWHQWLDO EX\HU DJHQWV )RU WKH JUDSKLFDO
UHDOLVDWLRQRIWKHHPHUJLQJVDOHVGLDORJXHVZHXVHWKH0LFURVRIW$JHQWSDFNDJH>@
WKDWLQFOXGHVDSURJUDPPDEOHLQWHUIDFHWRIRXUSUHGHILQHGFKDUDFWHUV *HQLH 5REE\
3HHG\ DQG 0HUOLQ 7R HQDEOH H[SHULPHQWV ZLWK GLIIHUHQW FKDUDFWHU VHWWLQJV WKH XVHU
KDVWKHSRVVLELOLW\RIFKRRVLQJWKUHHRXWRIWKHIRXUFKDUDFWHUVDQGDVVLJQLQJUROHVWR
WKHP VHH )LJ   )RU LQVWDQFH KH RU VKH PD\ KDYH 0HUOLQ DSSHDU LQ WKH UROH RI D
VHOOHU RU EX\HU )XUWKHUPRUH KH RU VKH PD\ DVVLJQ WR HDFK FKDUDFWHU FHUWDLQ
SUHIHUHQFHVDQGLQWHUHVWV

)LJ'LDORJIRUFKDUDFWHUVHWWLQJV

,QWHJUDWLQJ0RGHOVRI3HUVRQDOLW\DQG(PRWLRQVLQWR/LIHOLNH&KDUDFWHUV

7KH V\VWHP KDV WZR RSHUDWLQJ PRGHV ,Q WKH ILUVW PRGH WKH V\VWHP RU D KXPDQ
DXWKRU FKRRVHVWKHDSSURSULDWHFKDUDFWHUVHWWLQJVIRUDQDXGLHQFH7KHVHFRQGPRGH
DOORZV WKH DXGLHQFH WR WHVW YDULRXV FKDUDFWHU VHWWLQJV LWVHOI )LJ  VKRZV D GLDORJXH
EHWZHHQ 0HUOLQ DV D FDU VHOOHU DQG *HQLH DQG 5REE\ DV EX\HUV *HQLH KDV XWWHUHG
VRPHFRQFHUQVDERXWWKHKLJKUXQQLQJFRVWV ZKLFK 0HUOLQ WULHV WR SOD\ GRZQ )URP
WKHSRLQWRIYLHZRIWKHV\VWHPWKHSUHVHQWDWLRQJRDOLVWRSURYLGHWKHREVHUYHU±ZKR
LV DVVXPHG WR EH WKH UHDO FXVWRPHU  ZLWK IDFWV DERXW D FHUWDLQ FDU +RZHYHU WKH
SUHVHQWDWLRQLVQRWMXVWDPHUHHQXPHUDWLRQRIWKHSODLQIDFWVDERXWWKHFDU5DWKHUWKH
IDFWV DUH SUHVHQWHG DORQJ ZLWK DQ HYDOXDWLRQ XQGHU FRQVLGHUDWLRQ RI WKH REVHUYHU¶V
LQWHUHVWSURILOH


(PRWLRQVDQG3HUVRQDOLW\

,QWKHVDOHVVFHQDULR WKH UROH RI WKH V\VWHP PD\ EH FRPSDUHG ZLWK WKDW RI D VFUHHQ
ZULWHU ZKR SURGXFHV D VFULSW IRU WKH DFWRUV RI D SOD\ 7KH VFULSW UHSUHVHQWV WKH
GLDORJXHDFWVWREHH[HFXWHGE\WKHLQGLYLGXDODJHQWVDVZHOODVWKHLUWHPSRUDORUGHU
7RDXWRPDWLFDOO\JHQHUDWHVXFKVFULSWVZHXVHDSODQEDVHGDSSURDFKVLPLODUWRWKDW
LQ3XSSHW.QRZOHGJHFRQFHUQLQJWKHJHQHUDWLRQRIVFULSWVLVUHSUHVHQWHGE\PHDQVRI
SODQRSHUDWRUV

)LJ&DUVDOHVGLDORJXHH[DPSOH

(OLVDEHWK$QGUpHWDO

$VLQ3XSSHW ZHGHFLGHGWR PRGHOWZR SHUVRQDOLW\ IDFWRUV QDPHO\ H[WUDYHUVLRQ
DQG DJUHHDEOHQHVV ,Q WKH ILUVW YHUVLRQ ZH FRQFHQWUDWH MXVW RQ RQH GLPHQVLRQ RI
HPRWLYH UHVSRQVH QDPHO\ YDOHQFH >@ ZLWK WKH SRVVLEOH YDOXHV SRVLWLYH QHXWUDO
DQGQHJDWLYH
,QWKHVDOHVVFHQDULRHPRWLRQVDUHHVVHQWLDOO\GULYHQE\WKHRFFXUUHQFHRIHYHQWV
7KHHYHQWVLQWKHVDOHV VFHQDULRDUHWKHVSHHFKDFWVRIWKHGLDORJXHSDUWLFLSDQWVWKDW
DUHHYDOXDWHGE\WKHFKDUDFWHUVLQWHUPVRIWKHLUUROHSHUVRQDOLW\WUDLWVDQGLQGLYLGXDO
JRDOV 7KH JRDOV LQ SDUWLFXODU GHWHUPLQH WKH GHVLUDELOLW\ RI HYHQWV IRU H[DPSOH D
EX\HU ZLOO EH GLVSOHDVHG LI KH LV WROG WKDW D UHOHYDQW DWWULEXWH RI D FDU HJ SRZHU
ZLQGRZV LV PLVVLQJ IRUDGLPHQVLRQWKDWLVLPSRUWDQWWR KLP HJ FRPIRUW  ,Q WKLV
VFHQDULR ZH GR QRW GHDO ZLWK HPRWLRQ VWUXFWXUHV DQG HPRWLRQ JHQHUDWLQJ UXOHV
H[SOLFLWO\ HJ VHH >@  EXW UDWKHU FRQQHFW WKH VFHQDULRVSHFLILF GLDORJXH DFWV HJ
'LVFXVV9DOXH 3RVLWLYH5HVSRQVH ,QIRUP,I  WR WKH UHOHYDQW DQLPDWLRQ VHTXHQFHV DQG
XWWHUDQFHWHPSODWHVE\XVLQJWKHFXUUHQWLQWHUQDOVWDWHRIWKHFKDUDFWHUDVDQDGGLWLRQDO
FRQVWUDLQW LQ WKH EHKDYLRXU VHOHFWLRQ PHFKDQLVP 7KLV DSSURDFK LV VLPLODU WR WKDW RI
/HVWHU DQG FROOHDJXHV >@ ZKHUH SHGDJRJLFDO VSHHFK DFWV GULYH WKH VHOHFWLRQ DQG
VHTXHQFLQJRIHPRWLYHEHKDYLRXUV
3HUVRQDOLW\LQWKH,QKDELWHG0DUNHW3ODFHLVHVVHQWLDOO\FRQYH\HGE\WKHFKRLFHRI
GLDORJXH DFWV DQG WKH VHPDQWLF DQG V\QWDFWLF VWUXFWXUH RI DQ XWWHUDQFH (PRWLRQV LQ
WKLV VFHQDULR DUH H[SUHVVHG E\ IDFLDO H[SUHVVLRQV DQG WKH V\QWDFWLF VWUXFWXUH RI DQ
XWWHUDQFH 6LQFH WKH 0LFURVRIW $JHQW 3URJUDPPLQJ WRRO GRHV QRW DOORZ IRU GHWDLOHG
LQWRQDWLRQDO PDUNXSV ZH GR QRW FRQYH\ HPRWLRQV E\ DFRXVWLF UHDOLVDWLRQ LQ WKLV
VFHQDULR
)LUVWLQIRUPDOV\VWHPWHVWVZHUHHQFRXUDJLQJ(YHQWKRXJKLWZDVQRWRXULQWHQWLRQ
WRPDNHXVHRIKXPRXUDVHJWKHDXWKRUVRIWKH$JQHWD )ULGDV\VWHP>@SHRSOH
IRXQG WKH JHQHUDWHG GLDORJXHV HQWHUWDLQLQJ DQG DPXVLQJ )XUWKHUPRUH SHRSOH ZHUH
YHU\HDJHUWRFDVWWKHDJHQWVLQGLIIHUHQWUROHVLQRUGHUWRILQGRXWWKHHIIHFWWKLVZRXOG
KDYH RQ WKH JHQHUDWHG SUHVHQWDWLRQV 7KHVH REVHUYDWLRQV VXJJHVW WKDW SHRSOH ZRXOG
SRVVLEO\ OHDUQ PRUH DERXW D VXEMHFW PDWWHU EHFDXVH WKH\ DUH ZLOOLQJ WR VSHQG PRUH
WLPHZLWKDV\VWHP



7KH5ROHRI$IIHFWLQ3UHVHQFH

7KH 3UHVHQFH SURMHFW ZLOO XVH OLIHOLNH FKDUDFWHUV DV YLUWXDO UHFHSWLRQLVWVLQIRWDLQHUV
DFFRPSDQ\LQJ JXLGHV IRU YLVLWRUV WR WKH *HUPDQ 5HVHDUFK &HQWUH IRU $UWLILFLDO
,QWHOOLJHQFH ').,  +HUH ZH ZLOO H[SORUH WKH K\SRWKHVLV WKDW XVLQJ DQ H[SOLFLW
DIIHFWLYH PRGHO RIERWKDJHQWDQG XVHU WRJXLGHWKH SUHVHQWDWLRQ VWUDWHJLHV XVHG LQ
WKHKXPDQDJHQWFRQYHUVDWLRQDOGLDORJXH ZLOO D FUHDWHDPRUH QDWXUDODQGLQWXLWLYH
XVHULQWHUIDFH E\WDLORULQJWKHFRQYHUVDWLRQWRDQLQGLYLGXDO SHUVRQ  E SURYLGHWKH
XVHUZLWKDQHQJDJLQJDQGHQMR\DEOHH[SHULHQFHDQG F HQKDQFHWKHEHOLHYDELOLW\RI
YLUWXDOFKDUDFWHUV
7KH 3UHVHQFH SURMHFW DGGUHVVHV D QXPEHU RI VSHFLILF SUREOHP DUHDV D  IOH[LEOH
LQWHJUDWLRQRIPXOWLSOHLQSXW VSHHFKPRXVHNH\ERDUGDQGWRXFKVFUHHQ DQGRXWSXW
WH[W SLFWXUHV YLGHRV DQG VSHHFK  GHYLFHV 7KH DUFKLWHFWXUH PXVW EH LQWHOOLJHQW
HQRXJK WR DGDSW WR WKH GLIIHUHQW DIIHFWLYH PRGHV RI FRPPXQLFDWLRQ LQ WKH GLIIHUHQW

,QWHJUDWLQJ0RGHOVRI3HUVRQDOLW\DQG(PRWLRQVLQWR/LIHOLNH&KDUDFWHUV

DSSOLFDWLRQ GRPDLQV  LH QR VSHHFK LQIOHFWLRQ LQ WKH UHPRWH GRPDLQ E  WKH
GHYHORSPHQW RI D KLJKOHYHO GHVFULSWLYH ODQJXDJH IRU FKDUDFWHU GHILQLWLRQ EDVHG RQ
SHUVRQDOLW\ WUDLWV WR DOORZ HDV\ FXVWRPLVDWLRQ RI WKH DJHQW F  WKH FRPELQDWLRQ RI
FRPSXWDWLRQDOPRGHOVRISHUVRQDOLW\DQGHPRWLRQ ZLWKSODQQLQJWHFKQLTXHVWRJXLGH
WKHLQWHUDFWLRQRIDOLIHOLNHFKDUDFWHUSUHVHQWLQJPDWHULDOWRYLVLWRUVERWKORFDOO\DQGRU
UHPRWHO\ RYHU WKH ZRUOG ZLGH ZHE DQG G  H[SORUH WKH SRVVLELOLW\ RI WDLORULQJ WKH
DJHQWXVHULQWHUDFWLRQWRDQLQGLYLGXDOXVHUE\LQIHUULQJWKHXVHU¶VDIIHFWLYHVWDWH VHH
DOVR>@ 

)LJ6FUHHQVKRWRIWKH3UHVHQFH3URWRW\SH



$SSOLFDWLRQ'RPDLQ

2QHRIWKHPDMRUGHVLJQFRQVLGHUDWLRQVRIWKHSURMHFWLVWKHUHTXLUHPHQWIRUDIOH[LEOH
DUFKLWHFWXUH FDSDEOH RI FRSLQJ ZLWK PXOWLSOH DSSOLFDWLRQ GRPDLQV 'RPDLQV DUH
GHILQHGE\WKHVFRSHRILQIRUPDWLRQWKH\FRYHUDQGWKHJHQHUDOLQWHUDFWLRQEHKDYLRXU
RI WKH OLIHOLNH FKDUDFWHU 'RPDLQV DUH IXUWKHUPRUH GHFRPSRVHG LQWR KLHUDUFKLFDOO\
VWUXFWXUHG GLDORJXH WRSLFV LH :HOFRPH6PDOOWDON +HOSGHVN ,QIR7RXU  ZKLFK
JXLGHWKHFRQYHUVDWLRQDOWKUHDG2XUGRPDLQVDUH

(OLVDEHWK$QGUpHWDO

• 5HFHSWLRQLVW (QWUDQFH +DOO  +HUH WKH 3UHVHQFH V\VWHP ZLOO UXQ RQ DQ LQIR
WHUPLQDO ZLWKLQ WKH ')., HQWUDQFH KDOO DQG ZLOO ZHOFRPH YLVLWRUV EXVLQHVV
SDUWQHUVDQGVWXGHQWWRWKHLQVWLWXWH7KHYLUWXDOUHFHSWLRQLVWZLOODQVZHUTXHVWLRQV
RQ D ZLGH UDQJH RI GLDORJXH WRSLFV FRYHULQJ QHZV UHVHDUFK SURMHFWV DQG SHRSOH
ZLWKLQWKH').,7KHUHFHSWLRQLVW ZLOODOVREHFDSDEOHRILQLWLDWLQJFRQYHUVDWLRQV
DQGLQIRUPDOO\LQWURGXFLQJWKHYDULRXV GLDORJXH WRSLFV 7KH DFWXDO FRQYHUVDWLRQDO
WKUHDGZLOOEHJXLGHGE\ERWKWKHXVHUUHVSRQVHVDQGWKHPRGHOOHGDIIHFWLYHVWDWH
RIWKHDJHQW
• ,QIRWDLQPHQW 5HPRWH  7KH UHPRWH LQIRWDLQPHQW GRPDLQ ZLOO XWLOLVH WKH VDPH
XQGHUO\LQJ FRQYHUVDWLRQDO PRGHV DV WKH ORFDO UHFHSWLRQLVW GRPDLQ +RZHYHU WKH
FRQVWUDLQWV LPSRVHG E\ WKH UHVWULFWHG EDQGZLGWK RI WKH LQWHUQHW ZLOO SODFH DQ
DGGLWLRQDOUHTXLUHPHQWRQWKHV\VWHPWR PDNH EHVW XVH RI WKH DYDLODEOH LQSXW DQG
RXWSXWUHVRXUFHV2XUV\VWHPPXVWWKHUHIRUHEHLQWHOOLJHQWHQRXJKWRFRSH ZLWK D
YDU\LQJ FRPPXQLFDWLRQ FKDQQHO ZLWK WKH XVHU LH RQH LQ ZKLFK WKH DIIHFWLYH
FKDQQHORIVSHHFKLQIOHFWLRQPD\QRORQJHUEHDYDLODEOH
• *XLGH 3RUWDEOH  :LWKLQ WKH SRUWDEOH DSSOLFDWLRQ GRPDLQ WKH V\VWHP¶V SULPDU\
UROHZLOOEHWRJXLGHWKHXVHUWKURXJKWKHEXLOGLQJLHWKHXVHUFDQDVNWKHV\VWHP
KRZ WR UHDFK D ODE RU RIILFH +RZHYHU LQVWHDG RI UHPDLQLQJ D SDVVLYH JXLGH WKH
3UHVHQFHV\VWHPZLOOWDNHDGYDQWDJHRIWKHLQIUDUHGFKDQQHORIDSDOPFRPSXWHUWR
SURYLGHDORZEDQGZLGWKOLQNWRWKHVHUYHUWKXVDOORZLQJWKHV\VWHPWRXSGDWHWKH
XVHUZLWK').,LQWHUQDOQHZVRUWRVLJQDOWKHEHJLQQLQJRIOHFWXUHV PHHWLQJVRU
WDONV 7KH SRUWDEOH GRPDLQ ZLOO SURYLGH D UHDO FKDOOHQJH WR FRQYH\ DIIHFWLYH
LQIRUPDWLRQLQVXFKDQLPSRYHULVKHGHQYLURQPHQW


(PRWLRQVDQG3HUVRQDOLW\

7KH3UHVHQFHV\VWHPPRGHOH[WHQGVWKH333DQLPDWHGSUHVHQWDWLRQDJHQWDUFKLWHFWXUH
GHYHORSHGDW').,>@PRVWQRWDEO\ZLWKHQKDQFHGLQSXWDQGRXWSXWPRGDOLWLHVIRU
DIIHFWLYH FRPPXQLFDWLRQ DQG DQ $IIHFWLYH 5HDVRQLQJ (QJLQH IRU DIIHFWLYH VWDWH
UHFRJQLWLRQDQG PRGHOOLQJ ,Q OLQH ZLWK UHFHQW UHVHDUFK LQ DIIHFWLYH FRPSXWLQJ >@
ZHXVHWZRDIIHFWLYHLQIRUPDWLRQSURFHVVLQJFKDQQHOV VHH)LJ 
2XU WZR DIIHFWLYH FKDQQHOV DUH XVHG WR PRGHO SULPDU\ DQG VHFRQGDU\ HPRWLRQDO
VWDWHV  D FRJQLWLYH FODVVLILFDWLRQ VFKHPH EDVHG RQ WKH LQIRUPDWLRQOHYHO SURFHVVHV
LQYROYHGLQWKHJHQHUDWLRQRIWKHHPRWLRQW\SHV VHH>@DQG>@ 3ULPDU\HPRWLRQV
LHEHLQJVWDUWOHGIUR]HQZLWKWHUURURUVH[XDOO\VWLPXODWHG DUHJHQHUDWHGE\LQQDWH
QHXUDO PDFKLQHU\ LQ WKH UHDFWLYH FRJQLWLYH OD\HU  FHQWUHG DURXQG WKH KXPDQ OLPELF
V\VWHP6HFRQGDU\HPRWLRQVFDQHLWKHUDULVH D WKURXJKOHDUQHGDVVRFLDWLRQVEHWZHHQ
FDWHJRULHVRIREMHFWVDQGVLWXDWLRQVDWWHQGHGWRE\GHOLEHUDWLYHWKRXJKW SURFHVVHV RQ
WKH RQH KDQG DQG SULPDU\ HPRWLRQV RQ WKH RWKHU >@ RU E  LQ UHVSRQVH WR WKH
GHOLEHUDWLYH SODQQLQJ SURFHVV LWVHOI ZKHQ UHOHYDQW ULVNV DUH QRWLFHG SURJUHVV
DVVHVVHG DQG VXFFHVV GHWHFWHG  >@ 6HFRQGDU\ HPRWLRQV WKHUHIRUH UHTXLUH D
GHOLEHUDWLYHFRJQLWLYHOD\HULQDGGLWLRQWRWKHUHDFWLYHPDFKLQHU\RISULPDU\HPRWLRQV
$V HPRWLRQ W\SHV KDSSLQHVV VDGQHVV HQY\ HWF  RIWHQ H[KLELW YHU\ GLIIHUHQW
FKDUDFWHULVWLFV LH YDU\LQJ GHJUHHV RI FRJQLWLYH ULFKQHVV DQGRU H[SUHVVLYHQHVV
GHSHQGLQJRQWKHOD\HUVRIWKHFRJQLWLYHDUFKLWHFWXUHLQYROYHGLQWKHHPRWLRQSURFHVV
ZH IHOW WKDW LW ZDV LPSRUWDQW WR GLVWLQJXLVK EHWZHHQ WKHVH WZR FODVVHV RI HPRWLRQDO

,QWHJUDWLQJ0RGHOVRI3HUVRQDOLW\DQG(PRWLRQVLQWR/LIHOLNH&KDUDFWHUV

VWDWHLQ3UHVHQFH)RUH[DPSOHIHDUFDQEHJHQHUDWHG D DVDQLQQDWHUHVSRQVHWRD
VLWXDWLRQHYHQW LQ WKH H[WHUQDO HQYLURQPHQW ± D SULPDU\ HPRWLRQ E  E\ FRJQLWLYHO\
LGHQWLI\LQJDSRWHQWLDOIXWXUHWKUHDW±VHFRQGDU\HPRWLRQRU F DVDSHUWXUEDQWVWDWH
ZKHQZHUHSHDWHGO\DWWHPSWWRUHDVVXUHRXUVHOYHVWKDWWKHWKUHDWLVQRWUHDO±DWHUWLDU\
HPRWLRQ>@
'HOLEHUDWLYH0RGXOH

'LDORJXH*RDOV

$FWLRQ(YHQWV
8VHU6\VWHP
%RG\6WDWHV

,QSXW
&ODVVLILFDWLRQ
3ULPDU\
$SSUDLVDO


'LDORJXH
+LVWRU\

0LQG
0RGHO

:RUOG
0RGHO

3ODQ
/LEUDU\

2XWSXW
JHQHUDWLRQ

3UHVHQWDWLRQ'DWD
$QLPDWLRQV



5HTXHVWIRU5HDFWLRQ

 UHDFWLYHDIIHFWLYHUHVSRQVH UHIOH[HV

&RQWURO6HTXHQFH

5HDFWLYH0RGXOH

&RQWURO6HTXHQFH

 JRDOGULYHQDIIHFWLYHUHVSRQVH SODQQHGUHDFWLRQ

)LJ&RQFHSWXDOYLHZRIWKH3UHVHQFHV\VWHPVKRZLQJWZRDIIHFWLYHSDWKZD\V

(DFK FODVV RI IHDU KDV LWV RZQ SK\VLRORJLFDO FKDUDFWHULVWLFV ZLWK SULPDU\
HPRWLRQDO VWDWHV HOLFLWLQJ WKH VWURQJHVW SK\VLRORJLFDO UHVSRQVH  DQG KHGRQLVWLF WRQH
ZLWK WHUWLDU\ HPRWLRQDO VWDWHV EHLQJ WKH PRVW FRJQLWLYH LQ QDWXUH  ,Q 3UHVHQFH
SULPDU\ HPRWLRQV DUH PRGHOOHG XVLQJ VLPSOH UHDFWLYH KHXULVWLFV ZKHUHDV WKH PRUH
FRPSOH[ VHFRQGDU\ HPRWLRQV DUH PRGHOOHG E\ WKH GHOLEHUDWLYH $IIHFWLYH 5HDVRQLQJ
(QJLQH DFFRUGLQJ WR WKH 2&& PRGHO PDNLQJ WKH ILQHU JUDGH GLVWLQFWLRQ RI WHUWLDU\
HPRWLRQVVHFRQGDU\HPRWLRQVWKDWWHPSRUDULO\UHGXFHDWWHQWLYHVHOIFRQWUROZDVQRW
FRQVLGHUHGQHFHVVDU\LQRXUDSSOLFDWLRQGRPDLQ 
(PRWLRQVDQGSHUVRQDOLW\WUDLWVZHDYHDQLQWULFDWHZHEZLWKLQWKH3UHVHQFHV\VWHP
(PRWLRQV DUH SULPDULO\ XVHG WR GHWHUPLQH WKH 3HUVRQD¶V VKRUWWHUP DIIHFWLYH VWDWH 
H[SUHVVHG WKURXJK WKH V\VWHP¶V DIIHFWLYH RXWSXW FKDQQHOV DV JHVWXUHV DQG VSHHFK
LQIOHFWLRQ+RZHYHUHPRWLRQVDUHDOVRDEOHWRGLUHFWO\LQIOXHQFHWKHFKRLFHRISKUDVH
ZLWKLQ WKH FRQYHUVDWLRQDO GLDORJXH DQG HYHQ G\QDPLFDOO\ DGMXVW ZLWKLQ D SUHVHW
UDQJH WKH3HUVRQD¶VSHUVRQDOLW\WUDLWYDOXHV/LNHZLVHWKH3HUVRQD¶VSHUVRQDOLW\WUDLWV
D  KHOS WR ELDV WKH PRWLYDWLRQDO SURILOH RI WKH DJHQW  DQG WKXV GHWHUPLQH WKH
LPSRUWDQFHRIWKHDJHQW¶VKLJKOHYHOJRDOV WRZKLFKHYHQWVDUHFRPSDUHGGXULQJWKH
HPRWLRQ JHQHUDWLRQ SURFHVV  DQG E  VWHHU WKH FRQYHUVDWLRQDO GLDORJXH JRDOV 
H[WUDYHUWFKDUDFWHUVDUHPRUHOLNHO\WRLQLWLDWHVPDOOWDON
7KH 3HUVRQD¶V DIIHFWLYH UHDVRQLQJ SURFHVV LV EDVHG RQ WKH ³(PRWLRQ 3URFHVV´
GHVFULEHGLQ>@ZHRQO\DWWHPSWWRPRGHOWKHHIIHFWVHPRWLRQDOVWDWHVKDYHRQWKH
EHKDYLRXU RI WKH DJHQW DQG GR QRW FODLP WR DFWXDOO\ JHQHUDWH HPRWLRQV ZLWKLQ WKH
DUFKLWHFWXUH LWVHOI LH WKHUH LV QR DQDORJXH RI LQWHUUXSWLRQ RI DWWHQWLYH SURFHVVLQJ 
7KH,QIRUPDWLRQ&RGLQJDQG3ULPDU\$SSUDLVDOFRPSRQHQWVFODVVLI\LQFRPLQJDFWLRQ
HYHQWVDQGDSSUDLVHWKHPZLWKUHVSHFWWRDJHQWFRQFHUQV$IWHUFODVVLILFDWLRQILOWHUHG
HYHQWVDUHSDVVHG WR WKH 2XWSXW *HQHUDWRU PRGXOH DV UHVSRQVH UHTXHVWV WKURXJK WKH
WZRSDUDOOHODIIHFWLYHLQIRUPDWLRQSURFHVVLQJFKDQQHOV7KHUHDFWLYH PRGXOHKDQGOHV
WKH3HUVRQD¶VLPPHGLDWHUHDFWLRQVWRXVHURUV\VWHPHYHQWVZKHUHDVWKHGHOLEHUDWLYH
PRGXOH SURGXFHV PRUH FRQWUROOHG UHDFWLRQV LQ SDUWLFXODU LW LV UHVSRQVLEOH IRU
GHWHUPLQLQJWKHFRQWHQWVDQGWKHVWUXFWXUHRIWKHGLDORJXHFRQWULEXWLRQV 

(OLVDEHWK$QGUpHWDO

7KH UHQGHULQJ RI WKH 3HUVRQD¶V DFWLRQV LV SHUIRUPHG E\ WKH 2XWSXW *HQHUDWRU
PRGXOH ZKLFK JHQHUDWHV DQG FRRUGLQDWHV VSHHFK IDFLDO H[SUHVVLRQV DQG ERG\
JHVWXUHV 7R DOORZ WKH RXWSXW JHQHUDWRU WR WDNH LQWR DFFRXQW WKH 3HUVRQD¶V DIIHFWLYH
VWDWHWKHGHOLEHUDWLYHDQGUHDFWLYHPRGXOHVDQQRWDWHWKHDFWLRQVWREHH[HFXWHG ZLWK
DSSURSULDWHPDUNXSV LQDGGLWLRQWRSHUVRQDOLW\WUDLWVDQG HPRWLRQ ODEHO WHUPV  LH
KDSS\VDGIHDUZHZLOODOVRXVHWKHJHQHUDOHPRWLRQDOGLPHQVLRQVRI9DOHQFHDQG
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7R PRGHO WKH 3HUVRQD¶V SHUVRQDOLW\ ZH XVH WKH EURDG VRFLDO GLPHQVLRQV RI
H[WUDYHUVLRQDJUHHDEOHQHVVDQGQHXURWLFLVP:H ZLOOLQLWLDOO\DWWHPSWWR PRGHOWKH
3HUVRQD DV DQ H[WUDYHUW DJUHHDEOH DQG HPRWLRQDOO\EDODQFHG FKDUDFWHU  >@ DUJXHV
WKDW SHRSOH WHQG WR SUHIHU RWKHUV EDVHG RQ WKH PDWFK DQG PLVPDWFK WR WKHLU RZQ
SHUVRQDOLW\ HYHQ WKRXJK WKH H[DFW UHODWLRQVKLS LV VWLOO XQFOHDU DQG HPSLULFDO VWXGLHV
KDYHOHGWRFRQIOLFWLQJUHVXOWV $PRQJRWKHUWKLQJVWKLVPHDQVWKDWWKH3HUVRQDZLOO
WHQGWRWDNHWKHLQLWLDWLYHLQDGLDORJXHZLOOEHFRRSHUDWLYHDQGZLOOUHPDLQSDWLHQWLI
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7KHWKUHHSURMHFWVGHVFULEHGLQWKLVSDSHUXVHSHUVRQDOLW\DQG HPRWLRQVWRHPSKDVLVH
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$OWKRXJKDOOWKUHHSURMHFWVXVHWKHVDPHEDVLFSV\FKRORJLFDOPRGHOVIRUSHUVRQDOLW\
DQGHPRWLRQVWKH\GLIIHULQWKHW\SHVRILPSOHPHQWDWLRQVWUDWHJLHVDGRSWHGUHIOHFWHG
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Abstract. Emotional agents can play a very important role in all those
computer applications where the user does not (only) want to perform a
task, but (also) to have a more engaging experience than with traditional
systems. In fact, it is commonly assumed that the agents’ ability to
process and display aﬀective states, and to show emotional reactions, is
crucial for causing a more enjoyable interaction between agent and user.
This work proposes to analyze such assumption from a critical viewpoint,
identifying several open issues that are worth debating in the community
and studying through empirical methods.

1

Introduction

User interfaces are becoming more and more friendly, adaptive, and sensitive
to the user’s needs, preferences and wants. Along with this trend, computers
are starting to comply with the users’ wish to be pleasurably engaged while
or besides performing some task, which may be particularly important in the
case of children, young people, and unexperienced users. The issue of user’s
entertainment is to be “taken seriously”, since it can deeply inﬂuence the eﬀect
of all kinds of software applications, and even make the diﬀerence between a
successful and an unsuccessful interface. In fact, it has been observed that two
main factors motivate the use of computer technology: the perceived usefulness
and the perceived enjoyment [16,7]. While the former acts as an “extrinsic”
motivator, in that users may perceive a software application to be instrumental
for obtaining valued outcomes, the latter is an “intrinsic” motivator, because it
causes people to use an application for no reason other than the process of using
it per se. Indeed, computer-based entertainment can not only be an interesting
purpose in itself (as in the case of PC games, multi-user virtual environments, or
software toys), but can also increase the user’s satisfaction, boost her motivation
to interact with an application (which, for example, is very important in the
case of “edutainment”), help relieve the tensions that are usually related to the
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performance of diﬃcult tasks, and give the opportunity to have a break from
hard work. Such properties of entertainment come from its basically emotional
nature and impact.
One way interfaces can be made more enjoyable is by means of “believable
agents” (also known as “lifelike computer characters”, “synthetic agents”, “virtual actors”, and “animate characters”): these computational systems are built
with the purpose of provoking in the user the “illusion of life” or, in other words,
the impression of interacting with a “living” virtual being that has its own feelings, desires, and beliefs. 1 For example, instructional software systems can be
enhanced by lively anthropomorphic or animal-like tutors [22,34]; multimedia
presentation systems might look more likeable if they present material through
expressive animations [2,1]; PC desktops may be more exciting if populated by
“virtual pets” that interact with the user and with one another in interesting
ways [10].
A strong argument in favor of using believable agents in interfaces is that
they might make interacting with computers much easier and nicer, enable (especially naive) users to adopt communicative styles similar to those typical of
human-human communication [2], and increase the level of interactivity and
socio-emotional engagement produced by traditional applications. It is also commonly believed that the agents’ ability to process and display aﬀective states, and
to show emotional reactions, is crucial for improving the agents’ believability, for
eliciting emotions in the user, and consequently for causing a more entertaining
interaction between agent and user [31,3]. Therefore, several research projects
are aimed at realizing emotional agents (EAs) (e.g. [9,33,24]).
It is important to remark that the agents’ believability and emotional behavior are by no means just a matter of visual appearance. In fact, an agent may
be perceived as anthropomorphic even when it is not graphically protrayed in
a human- or animal-like fashion [38], or when it is not visually represented at
all, as in the case of chatterbots [25]. What is most important in causing the
“illusion of life” is the agent’s behavior, rather than its look. Analogously, the
agent’s emotional manifestation is not just conﬁned to the physical exhibition of
facial, vocal, or bodily expressions, but it involves the whole agent’s behavior.
For instance, an agent that feels angry at somebody might try to take revenge,
rather than displaying a peculiar facial or bodily expression.
There are some arguments against the usability of agents: it is suspected that
they might generate wrong expectations about their own capabilities, compromise the user’s feeling of control over the tasks being performed, and reduce her
sense of responsibility towards the accomplishment of the tasks [28,40]. However,
these criticisms are usually addressed to one particular class of agents, namely
those which reduce the user’s workload by acting on her behalf, for instance by
ﬁltering incoming e-mail messages or selecting web pages according to her preferences. Such agents are usually contrasted with other kinds of HCI metaphors,
e.g. direct manipulation, that give greater control to users [40]. The focus of this
1

This notion of believability is diﬀerent from the perceived “credibility” of computer
applications, which refers to the delivery of trustworthy information. [44]
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paper is not on agents for delegation purposes, but rather on personiﬁed agents
that can be conceived as sorts of partners or companions to their users, and that
have as one of their major roles to entertain them, especially by manifesting
emotions. Although these agents are not totally free from the criticisms mentioned above, the ultimate answer as to whether they are eﬀective and usable
will come from empirical research.
EAs are a promising direction of research on entertaining interfaces, but their
realization and use seem to rely on a set of assumptions that have not yet been
made explicit and studied in great depth. This work attempts to identify, analyze, and possibly criticize such assumptions. In our view, this analysis can be
useful in two ways. On the one hand, it can help understand what are the main
problems to address when realizing EAs. On the other hand, it can favor some
empirical validation of the most common hypotheses regarding the relationships
between entertainment, emotions, and believability, in order to build more effective agent-based interfaces. In general, the analysis is intended as a stimulus
and a contribution to a hopefully wide discussion among researchers working in
the EAs area.
1.1

A Note About the Concept of Entertainment

Generally speaking, entertainment can be deﬁned as something that produces
a state of mind, mostly emotional in nature, in which we feel engaged, usually
with a sense of interest, pleasure, or enjoyment. There are many kinds of objects,
events, or activities that can cause this state and which one refers to as diﬀerent
forms of entertainment: music, arts, games, literature, etc. Entertainment is not
necessarily limited to positive emotions, such as fun or amusement. Think for
example of the gloom we may experience when looking at some paintings by
Edvard Munch, or of the “pleasant” fear we feel when watching a scaring movie:
though negative, these feelings can be engaging and self-motivating for us, so we
may actively look for them.
Since entertainment causes engagement, there might be a risk involved in
making agent-based interfaces entertaining, because they could distract the user
from the task she has to perform. However, such a view is partially misleading.
In fact, the purpose of an entertaining interface is not to divert the user from her
job, but rather to let her become more involved in it. As suggested by Laurel,
“The user’s goals for a given application may be recreational, utilitarian, or
some combination of both, but it is only through engagement at the level of the
interface that those goals can be met” ([18] p. 69, original emphasis). Of course,
the appearance, behavior, and role of an EA within an interface must be carefully
designed, in order to avoid detrimental eﬀects on the user’s performance, and to
favor her involvement in the task (see for instance the criteria used in [22] for
appropriately selecting the agent’s behavior and look according to pedagogical
aims). In other words, the EAs’ entertainment potential should be aimed at
supporting the user’s intrinsic motivation to using a software application, and
this should be functional to the extrinsic motivation of using the application for
achieving some desired result.
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Emotional Agents: What Are the Underlying
Hypotheses?

Since EAs are primarily built for entertaining users, one could wonder which
properties of these agents make them entertaining, and which agents’ features
support those properties. Looking at the relevant literature, it seems that these
important questions are answered by some typical presuppositions or tacit hypotheses, that inﬂuence how EAs are realized and used in computer interfaces.
In our view, the hypotheses can be made explicit as follows:
Hypothesis 1: entertainment is a function of the character’s ability to cause
the “illusion of life” (believability);
Hypothesis 2: entertainment is a function of the character’s ability to induce
emotions;
Hypothesis 3: believability crucially depends on the agent’s ability to show
emotional behaviors;
Hypothesis 4: believability also depends on the manifestation of a marked
personality, which in turn is based on an individual style of emotional behaviors;
Hypothesis 5: the user’s emotional responses to an agent depend on the latter’s emotional behavior;
Hypothesis 6: the agent’s ability to show emotional reactions depends on its
ability to represent and process emotional states.
The hypotheses appear to be related to each other according to an instrumental hierarchy, as shown in ﬁgure 1, that can also be read in a bottom-up
direction: agent designers usually assume that the ability to represent and process aﬀective states (which can be brought about by events aﬀecting an agent’s
goals, preferences, or values) enables the agent to display emotional reactions;
these in turn are deemed essential for enhancing the agent’s believability, for
characterizing its unique personality, which also contributes to believability, and
for arousing emotions in the observer, possibly through an empathic process;
ﬁnally, the agent’s believability, and its ability to induce aﬀective reactions in
the user, are expected to be entertaining for the latter. As already mentioned,
the user’s entertainment can be viewed either as an end in itself, or as functional
to other aﬀective states, such as satisfaction, motivation, and the like, that can
inﬂuence the eﬀectiveness of several kinds of computer applications.

3

Analyzing the Hypotheses

Let us now try to trace each hypothesis back to the relevant literature and
explain it, possibly looking for some counterexamples. The following questions
drive our analysis:
– are we really sure that emotion manifestation and processing are crucial for
making agents entertaining? If so, to what extent?

170

Paola Rizzo

Entertainment
H1

H2

Believability

Satisfaction
Motivation
Relax
...

Emotion elicitation

H3

H5

Personality H4
Emotion manifestation
H6

Emotion processing

Fig. 1. Emotional agents: Underlying basic hypotheses

– are there alternative features of the agents, or of the interaction between
agents and users, that could explain the agents’ entertaining ability?
Before starting our analysis it is to be remarked that this work does not
address the issue of which properties of an agent’s architecture would make it
really able to “have” or to “feel” emotions [31,6], nor why emotions could be
deemed essential in a complete autonomous agent [41]. Rather, our focus is on
those emotion-related characteristics of agents that are supposed to make them
entertaining.
3.1

H1 and H2 : Believability and Emotion Elicitation Are
Functional to Entertainment

These two hypotheses are dealt with together because, as we will try to show,
they are closely related to one another. They both give an initial general answer
to the question of which agent’s characteristics are expected to cause the user’s
entertainment.
The kind of entertainment EAs are most close to is drama, that basically
consists in the representation of a play, performed by actors who impersonate
diﬀerent characters. Here we refer to a very broad concept of dramatic representation, that could be performed in several forms and through diﬀerent media
(e.g. cinema, TV, radio), and not just by human actors (think for instance of
animation movies and puppets).
When is a character successful in entertaining the audience? Two abilities
seem to be quite important. The ﬁrst is the ability to let the spectators suspend
their disbelief, that is to give them the illusion that what they are watching is
reality. Laurel ([19] p. 113) tells us that the “willing suspension of disbelief”,
concept introduced by the critic and poet Samuel Taylor Coleridge, “is the state
of mind that we must attain in order to enjoy a representation of action. [...] we
must temporarily suspend (or attenuate) our knowledge that it is ‘pretend’. We
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do this ‘willingly’ in order to experience other emotional responses as a result of
viewing the action”. This also relates to the second crucial ability a character
should have, namely that of eliciting emotions in the audience. Usually this is
obtained by the character through the manifestation of various emotional states
(although later on we will try to show that this is not the only way of causing
emotions in the observers).
It is interesting to notice that these two abilities can support each other:
the more a character succeeds in producing the illusion of life, the more chances
it will have to elicit emotions in the audience, and consequently a better illusion will be produced. However, despite the strong connection between the two
abilities, it is to be remarked that emotion elicitation can be produced by an
actor independent of the illusion of life. This happens in those performances,
diﬀerent from traditional drama, that are not strictly based on a representation
of action: think for instance of an actor who tells jokes to the audience, or who
reads poems or stories. In general, emotion elicitation is directly functional to
any kind of entertainment, such as music or visual arts.
EAs are often considered similar to traditional characters: if well designed,
they are expected to produce an “illusion of life” and enable the audience to experience strong vicarious feelings. Agents can be conceived as “actors” that play
the role of a character assigned to them by the designer or “author”. Actors play
their roles in interaction with an audience (the user) and might try to follow a
plot that involves other actors and the audience itself. Since the latter’s behavior
is unpredictable, there may be a “drama manager” that gives hidden directions
to the actors so as to adjust the plot according to the occurring situations, in the
attempt to create a dramatically rich experience for the human users [23,13,39].
These ﬁrst two hypotheses, although diﬃcult to verify empirically, are hardly
questionable; they can actually be considered as basic assumptions. In fact, we
have many examples of their validity from drama: the more believable a character
is, the more likeable it is, and the emotions it can induce greatly contribute to
the spectator’s entertainment.
3.2

H3 : Believability Crucially Depends on the Agent’s Ability to
Show Emotional Behaviors

Assuming that the user’s entertainment is caused by the agent’s believability,
one should wonder what makes an agent believable. In the case of a human
character, the suspension of disbelief would depend both on her acting skills
and on the story plot; but what about a synthetic character? In this case an
agent, before being considered as a (good or bad) character, should ﬁrst of all
be perceived as a human-like being by the audience.
Intuitively, this could be obtained by endowing the agent with as many anthropomorphic features as possible. However, the “anthropomorphization” of an
agent, analogously to what is done with animated characters, does not necessarily consists in giving it a realistic human or animal appearance, but rather
in choosing for it the right set of behavioral features that would drive the observers towards naive psychological attributions. Think for example of Pixar’s

172

Paola Rizzo

short ﬁlm Luxo Jr.: the two animated characters are portrayed as lamps, without face, arms, or legs; however, it is very natural for us to perceive them as
mother and child, to recognize the typical playful attitude of the latter or the
scolding attitude of the former and, in general, to interpret their behavior in an
anthropomorphic way, with a very engaging and entertaining eﬀect.
A good analysis of requirements for believability is provided by Loyall [23].
His analysis is mostly inspired by the work of two Disney animators [42], who
have a remarkable experience in producing the illusion of life in animated characters. Their work has been integrated by Loyall with sources from playwriting
and drama, and ﬁltered by his experience in building computational believable
agents. Loyall’s list of requirements, that appears to be more or less shared
by the community working on believable agents, includes personality, emotion,
self-motivation, and social relationships.
Though many features seem to contribute to believability, it is quite evident that a strong emphasis in the EAs community has been given to emotions
(e.g. [33,9,21]). It is generally assumed that the better emotions are manifested
by an agent through its appearance and behavior, the more believable it is.
According to Joseph Bates, pioneer and leading researcher in this area, “The
emotionless character is lifeless. It is a machine.” ([3] p. 123).
However, some counterexamples can be found that could weaken this hypothesis. A famous case of emotionless character that appears very believable
and engaging is Eliza, a system of natural language understanding developed
by Joseph Weizenbaum in the 60’s [45], based on pattern-matching techniques
and on a script, i.e. “a set of rules rather like those that might be given to
an actor who is to use them to improvise around a certain theme” ([46] p. 3).
The most famous conversational role played by Eliza is that of Doctor, an
hypothetical Rogerian psychotherapist engaged in an initial interview with the
patient. Weizenbaum has interestingly noticed that “I was startled to see how
quickly and how very deeply people conversing with Doctor became emotionally involved with the computer and how unequivocally they anthropomorphized
it” and that even “short exposures to a relatively simple computer program
could induce powerful delusional thinking in quite normal people” ([46], pp. 6-7,
added emphasis). It is interesting to notice that Eliza, despite its lack of emotion manifestation, is not only very believable, but also able to elicit emotions
in the users, which seems also to contradict H5 (see below). Actually, Eliza is a
very good example of a computer program that can be perceived as human-like
by the users, without needing realistic anthropomorphic representation or behaviors; the “secret” of its success seems to be based on the desires, principles,
and beliefs users attribute to it, according to how the interaction goes on.
In general, it is to be remarked that anthropomorphism is a very general,
strong, and spontaneous tendency that can be elicited by many kinds of nonhuman behavior and characteristics. For example, in a classical psychological
study by Heider and Simmel [15], it has been observed that people who are
shown a short animated ﬁlm of geometric shapes moving around, interpret it
as a story in which ﬁrst a big triangle chases a little one, then the latter locks
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the former into a house (a rectangle with a moving-ﬂap “door”), and ﬁnally the
house explodes. Subjects tend even to attribute a gender to the moving forms.
In a similar vein, Nass and co-authors have shown that “a minimal set of characteristics associated with humans provides suﬃcient cues to encourage users
to exhibit behaviors and make attributions toward computers that are considered appropriate only when directed at other humans” ([27] p. 111, original
emphasis). This has been explained by taking into account the social nature of
interactions between humans and computers or other new media. [32]
3.3

H4 : Believability Crucially Depends on the Manifestation of an
Emotion-Based Personality

Another feature that is usually deemed very important for believability is the
manifestation of a marked personality: in fact, an agent that displays individual
styles of behavior is supposed to be more lifelike and appealing to the user,
and better distinguishable from other agents. Therefore, another major problem
faced by many researchers is how to model personality in artiﬁcial agents. [43]
Given the importance attributed to emotions, personalities are often realized
by letting the agents display individual diﬀerences in emotional behaviors. The
cognitive theory of emotions by Ortony, Clore and Collins [29] usually provides
a useful basis for this kind of approach. According to these authors, as well
as many others (e.g. [20]), the elicitation and diﬀerentiation of emotions occur
through an appraisal of situations or events that are particularly important to a
person. In other words, the person evaluates how each situation she faces aﬀects
her own concerns, goals, values and the like, and the results of the assessment (in
terms for example of unexpectedness of an event, or desirability and likelihood
of an outcome) can elicit several distinct emotions and their corresponding behavioral expression. By means of suitable approximations and adjustments, this
theory has been used by several agent designers (e.g. [4,9,33,24]) for modeling
personalities by varying the mapping between internal representations, emotions
and behaviors. Each emotion that is triggered by the evaluation of the current
state of a value, goal, or preferred object (e.g. the success, failure, or threat to
a goal) can be associated with a class of reactions typical of each personality:
for example, fear can be associated with a class of escape reactions for realizing
a fearful personality, or with ﬁght behaviors in order to realize an aggressive
personality.
The two-faced hypothesis that personality is crucial for believability, and that
it should be based on individual styles of emotional behaviors, can be subject to
a couple of criticisms.
The ﬁrst is that personality, as well as emotion manifestation, is probably
not so crucial for creating the illusion of life. Some agents that are not endowed
with any personality can appear quite believable: think for instance of the already
mentioned Eliza program, of agents such as Steve [34], or even of robotic agents
(e.g. [30]). As in the case of emotion manifestation, one could conclude that the
tendency towards anthropomorphism is so strong that it does not necessarily
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need to be supported by the agent’s manifestation of personality, although the
latter favors and reinforces such tendency.
The second criticism that can be aroused concerns the relationship between
personality and emotions. It is true that real people can often be characterized
one with respect to another according to their aﬀective tendencies, and this is
particularly signiﬁcant in the case of dramatic characters (think for instance of
the classical distinction between “good” and “evil” characters). This argument
provides a strong support to emotion-based models of personality for agents.
Nevertheless, alternative models of personality can be used (e.g. [11,37]), which
seem to be at least as much expressive.
As an example, personality can be modeled through a “goal-based” approach [5,35,36], according to which each agent’s personality is deﬁned as (1)
a cluster of “General Goals”, or g-goals, having diﬀerent priorities and (2)
a set of goal-based preferences over actions and plans. On the one hand, ggoals represent abstract states or events that an agent recurrently attempts
to achieve and maintain through its behavior. Each g-goal represented in the
personality cluster is assigned a diﬀerent priority, that speciﬁes its importance
with respect to other g-goals in the cluster: this characterizes both each agent’s
coherent behavioral organization and the individual diﬀerences among agents.
On the other hand, preferences are determined by considering the side-eﬀects
of actions on the g-goals, i.e. changes in the world that aﬀect goals which are
not actively pursued when a given plan is executed. If the aﬀected goals are
important in the personality goal cluster, problems or opportunities may arise:
for instance, if a g-goal can be opportunistically achieved by performing an
action having a positive side-eﬀect on that g-goal, that action is preferred over
“neutral” actions, while an action having a negative side-eﬀect on an important
g-goal will be rejected.
The choice of a goal-based model of personality could be motivated by psychological ﬁndings about how people make attributions with regard to others’
behavior. In fact it has been observed that, when making attributions, people
show a strong tendency to prefer personal factors, while neglecting or undervaluing environmental causes [14]. According to Jones and Davis [17], people also
tend to produce “corresponding inferences”, that is to infer stable dispositions
and characteristics from the intentions that are attributed to a person’s behavior. For example, if someone performs a hostile behavior, the “corresponding”
inference is that the behavior is determined by an intention of attacking, which
in turn is caused by an aggressive personality. Since people naturally tend to
attribute intentions and corresponding dispositions to others’ behavior, it would
seem reasonable to endow agents with speciﬁc goals that strongly characterize
and diﬀerentiate them, and to make these goals manifest in the agents’ behavior,
so as to support and strenghten the dispositional bias.
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H5 : Emotion Elicitation Crucially Depends on the Agent’s
Manifestation of Emotions

As already mentioned when discussing the ﬁrst two hypotheses, in the context
of drama, an actor’s ability to bring out aﬀective involvement in the audience
is supposed to be based on his skills in expressing emotions. In the context of
synthetic personas this view is well stated by Bates: “If the character does not
react emotionally to events, if it doesn’t care, then neither will we.” ([3] p. 123).
Such hypothesis seems to be hardly questionable: in fact, there are countless
examples of characters whose success comes from their emotional expressiveness.
This seems to be grounded on an empathic process: when watching a character,
people tend to identify with it, and to feel the same emotions it shows. However,
the matter seems to be much more complex than this: at least four issues are
worth discussing.
The ﬁrst is that the situation in which a character is involved can elicit
emotions by itself, even if the character does not display any aﬀective reaction. Think for instance of those classic comic scenes where a cake is thrown
at someone’s face, or where somebody falls over a banana-peel: we are amused
independently of the character’s emotional expression. An analogous argument
can be done relative to those situations that trigger negative emotions in the
audience independently of the perception of aﬀective states in the involved characters. Understanding the reasons why we are entertained by some situations is
beyond the scope of this work; 2 it is just worth remarking that emotion manifestation per se is not crucial for eliciting emotions and consequently some kind
of entertainment.
A second observation is that, in the situations that automatically elicit a
typical emotion in the audience, the character may actually display some aﬀective
reaction that will not necessarily cause an empathic response in the viewers. For
instance, a character who has just got a cake in the face may show to be angry
or sad, but the observer will feel a rather opposite emotion. As a matter of fact,
the contrast between the funny situation and the character’s negative expression
may be even more entertaining that no emotion manifestation in the latter. This
points to the argument that empathy is not the only kind of relationship that
can exist between a character’s and a viewer’s emotions.
A third issue is that emotion elicitation in the audience can occur not only
through the perception of a character’s emotions, but also through the attribution
of aﬀective states to the character. The attribution is based on an understanding
of the relationship between a given situation and the supposed character’s goals,
attitudes, or values. As a typical example, if we know or believe that the hero of
a movie is in love with the heroine, and an evil character threatens her, we will
assume that the hero is angry, and we may feel angry ourselves, even though
the expected emotion is not displayed by the hero. A remarkable example of
this phenomenon is given by Buster Keaton, the famous comic actor of silent
cinema. Keaton’s acting style is very peculiar: no matter what happens to him,
2

For a review of the psychological theories of humour see for instance [12].
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he is always “wearing” a kind of sad face. Nevertheless, it is quite natural for
us to attribute to him various aﬀective states according to the situations he
encounters.
A ﬁnal issue to be tackled concerns the emotions that are caused by interacting with characters in a ﬁrst-person perspective. The problems we have
addressed so far are based on a third-person, non-interactive view of the relationship between a persona and an observer, where the latter passively watches
the performance of the former, possibly identifying and “empathizing” with it
or feeling dissimilar emotions. This is a simpliﬁed picture of how agents might
elicit emotions in the user. Actually, what makes agents diﬀerent from traditional
characters is their ability to engage the user in an interactive experience, where
she actively participates in the ongoing action. In this case, the user’s emotional
reactions can be aﬀected by how her own goals and beliefs come to interact with
those of an agent in a given situation. Think for example of “enemies” in computer games: the user may feel scared when threathened by them, and relieved
when she kills or escapes from them. Once again it is clear that the user’s feeling
is not necessarily determined by the aﬀective outlook of the agents (consider
for instance the emotionless enemies of the popular Pacman game), although it
can be further supported and reinforced by suitable emotional expressions in the
agents.
Of course, this discussion of the hypothesis that emotion elicitation in the
users depends on emotion manifestation by the agents has touched several controversial issues, each of which would deserve a separate study. However, the
aim of the discussion is not to provide ultimate explanations of those issues,
but rather to point out that the hypothesis needs to be considered with great
care, if one wants to build agents that are eﬀective in entertaining users through
emotion elicitation.
3.5

H6 : Emotion Manifestation Crucially Depends on Emotion
Processing

The ﬁnal hypothesis we will analyze states that agents should be able to represent and process emotional states in order to automatically generate emotional
behaviors. Since it is unquestionable that an agent could display emotions without having them (just to take a trivial example, think of a simple smiling face
on the computer screen), why should a designer want to endow her agents with
aﬀective processing mechanisms? Because they make agents able to display a
broader range of more complex emotions. As stated by Reilly, “the agent will be
emotionally richer if there are more things [such as goals, desires, and analogous
cognitive structures] to have emotions about and more ways to express them.”
([33], p. iii).
In principle, this argument is not disputable at all. Fast, primary emotions
such as fear or anger in face of danger, that are usually associated to elementary
behaviors like escape or aggression, could be caused in the agents by means of
very simple condition-action rules. By contrast, more complex aﬀective behaviors are to be supported by some cognitive mechanism. For instance, there is no
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way to bring out an emotion like “hope”, and its corresponding behavioral expressions, without representing the goal an agent believes to be likely to succeed
(i.e. the “object” of the hope) and its importance.
However, going back to H5 , it is worth analyzing how the way complex emotions are processed may inﬂuence the way such emotions are manifested by
agents, and how this in turn may aﬀect the users’ entertainment. In fact, in
the context of entertainment, one could assume that the broader the range of
emotions manifested by agents, the more engaging is the interaction for the user.
Intuitively, this assumption seems to be correct. However, two controversial
issues are worth considering. The ﬁrst is whether users really or always need
to perceive complex, cognitively generated emotions in order to be entertained.
Some answers to this question could come from the preceding discussion of H5 ,
where it has been pointed out that entertainment could be simply caused by
the situations in which agents are placed, rather than by the agents’ emotional
expressions, and that users could be entertained also by agents who display only
a few basic emotions, as in the case of computer games opponents.
A conclusion one could draw from these observations is that agents should not
necessarily be able to represent and reason about aﬀective states: rather, they
would just need to display a small number of fundamental emotions relative to
a few signiﬁcant classes of situations, together with some ambiguous behaviors
that would remain open to subjective interpretation by the user. In fact, as often
remarked in this work, people tend to make complex attributions even out of
very elementary behaviors, which means that an agent’s emotional simplicity
would be counterbalanced by the user’s interpretation process.
This is also related to the second issue to consider, concerning the inherent
diﬃculty of driving the user’s interpretation of the agents’ behaviors towards
a desired direction. As mentioned earlier, most models of emotion processing
in agents are built on a psychological theory [29] of the human mechanisms
that are triggered by events aﬀecting internal representations, and that lead to
emotion diﬀerentiation and manifestation. The theory is not aimed at explaining
how a given emotional manifestation would be perceived and interpreted by an
external observer. So, there might happen to be some mismatch between the
agent’s emotion as it is manifested and the user’s interpretation. Although agent
designers also use techniques derived from animation in order to better convey
the agents’ internal processes and characteristics [23], the problem remains hard.
As interestingly suggested by Sengers [38] the focus of designers, rather than
on the agents’ internal mechanisms, should be on the requirements for making
agents externally comprehensible. In order to do this, she proposes to structure
the agents’ behavior according to the “signs” and “signiﬁers” it is intended to
communicate, coupled with a sign management system and a behavioral transition mechanism.
A detailed discussion of the possible solutions to the user interpretation problem is out of the scope of this work. Rather, our aim is to point out that complex
emotion processing techniques may not produce the intended result, or may even
hinder a successful manifestation of emotions for user entertainment.
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Conclusion

We believe that EAs have a strong potential in entertaining users, and therefore should play an important role within new computer interfaces. However, as
shown by the analysis above, the design and realization of EAs seem to be based
on a set of hypotheses that are far from being completely understood. On the
one hand, it is plausible that the EAs’ entertaining potential comes from their
ability to provoke the illusion of life and to elicit emotions in the users. On the
other hand, it is not totally clear what supports these abilities, and which is
the speciﬁc role played by emotions. In fact, it has been observed that emotion
manifestation and processing are not necessarily crucial for creating the illusion
of life, for eliciting emotions in the users, or for realizing a believable personality.
Such arguments point out that the hypotheses above should not be taken for
granted, but rather should be empirically tested.
Some experimental investigations about the eﬀectiveness of animate characters (e.g. [26,21]; for a review see [8]) have focused mainly on two aspects: (a)
some objective measure of the users’ performance (like the number of solved
problems, or the percentage of remembered items after their presentation), in
order to see whether the performance is improved by the presence and/or help
of an agent, and (b) several subjective measures of the characteristics (like intelligence, likeability, utility) that can be attributed by the users to the agent,
and that are supposed to mediate the agent’s eﬀectiveness.
Unfortunately, these studies are diﬃcult to compare with one another because of their diﬀerent experimental settings, dependent variables, etc., and
consequently it is also hard to derive from them some useful generalizations.
But, more importantly, the empirical works carried out so far do not seem to
be based on a causal model that could explain the possible interrelationships
among variables (i.e. among the subjective and the objective measures). In our
view, the hierarchy of hypotheses proposed in this work could be considered as
a frame of reference where the possible cause-eﬀect links between variables are
explicitly represented; as such, it could help devise new experiments aimed, on
the one hand, at testing those links one by one and, on the other hand, at verifying whether the model should be modiﬁed by the introduction of other variables
and related links/hypotheses.
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Abstract. This paper shows that emotional information conveyed by facial expression is often contained not only in the expression of emotions
per se, but also in other communicative signals, namely the performatives
of communicative acts. An analysis is provided of the performatives of
suggesting, warning, ordering, imploring, approving and praising, both
on the side of their cognitive structure and on the side of their facial
expression, and it is shown that the meaning and the expression of emotions like sadness, anger, worrying, uncertainty, happiness and surprise
are contained in them. We also show that a common core of meaning is
present in an emotion (surprise) as well as in other kinds of communicative signals (emphasis, back channel of doubt, adversative signals). We
then argue on how the cognitive and expressive analyses of these communicative acts may be applied in the construction of expressive animated
faces.
Keywords: Emotions, Conversational Agent, Performative, Embodiment, Communicative Act

1

Introduction

Research has shown that humans tend to treat computers as social characters [6,24]. As a consequence we may think that embodied artiﬁcial agents will
help human-computer interaction. A recent study [11] proposes some guidelines
on when and where to use such agents: education and entertainment are well
appropriated ﬁelds. Agents may be helpful and may provide suggestions to users
that have to make decisions in uncertain situations. Dialoguing with the agent
to get more information, suggestion and criticism is often perceived positively
by the user. Several researches [15,25,27] have suggested that the productivity
and performance of a user is enhanced by the use of talking faces. The system
is perceived as more engaging. In particular, showing emotional expression increases user attention; the user spends more time interacting with an agent with
a stern face than one with a neutral expression [27].
A. M. Paiva (Ed.): Aﬀective Interactions, LNAI 1814, pp. 182–195, 2000.
c Springer-Verlag Berlin Heidelberg 2000
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In the construction of embodied agents capable of expressive and communicative behaviors, an important step is to reproduce aﬀective and conversational facial expressions on synthetic faces [1,2,4,5,18,23]. The facial expression
of aﬀective states is the ﬁrst and most obvious aspect of facial communication
that has to be simulated in animated face; preceding works have shown that
in humans emotions like fear, anger, happiness, sadness, surprise are expressed
through speciﬁc facial muscular actions [13] and that these perceivable expression can be simulated in synthetic animated faces [3,16,19,26].
In this work, however, we want to show that emotional contents and their
expression are not present only in strictly emotional facial expressions; some affective contents, as well their corresponding facial expressions, are also present in
typically communicative signals that are not at ﬁrst sight emotionally loaded, for
instance in the expression of the performative of a Speech Act or, more generally,
of any (verbal or nonverbal) Communicative Act. By presenting a compositional
view of the facial expression of performatives, we analyse some performatives
into their components both on the side of their cognitive structure and of their
expressive muscular actions, and we show that on both sides some emotional
components can be found. Then we explore how a typical facial expression of
an emotion (the raising of the eyebrows) is also present in other communicative
functions. We try to ﬁnd out what is the common core of meaning that is shared
by the facial expressions of all these functions. We conclude by showing how the
creation of synthetic agents can use these results and how the computation of
their behavior should be based on a semantic approach rather than on a surface
approach.

2

Emotions in the Meaning of Performatives

The system we present here is based on a goal and belief model of action and
communication [10,20]. In this model a communicative act corresponds to the
minimal unit of communication. A communicative act is any verbal or nonverbal action through which a Sender has the goal that the Addressee get some
beliefs about the Sender’s goals and beliefs. To fully analyse a communicative
act one has to consider two aspects: its signal and its meaning. The signal of
a communicative act is a set of muscular activities or morphological changes
that can be perceived by an Addressee. The meaning of a communicative act
includes a performative and a propositional content, where the propositional content is the set of beliefs mentioned and the performative is the Sender’s speciﬁc
social-communicative goal, that is, what the Sender wants the Addressee to do
in mentioning that speciﬁc propositional content. For example, in the sentence
“I suggest you take your umbrella”, ‘suggest’ is the performative and ‘you take
your umbrella’ is the propositional content. In particular, in previous works on
animated faces [21,22], we proposed a way to reproduce the facial expressions
that convey the performative of a communicative act. In our model, the meaning
side of a performative in a communicative act may be analyzed as a set of “cognitive units” [7], logical propositions whose predicates are primitive predicates
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like Goal, Belief, and whose arguments are persons (Sender, Addressee), domain
‘objects’, domain ‘facts’, domain ‘actions’, emotions. The facial expression is
represented discursively as perceivable states or movements of speciﬁc regions of
the face (lips, eyebrows, cheeks), or more schematically in terms of Ekman and
Friesen’s Action Units as deﬁned in FACS (Facial Action Coding System) [14],
that can be implemented in 3D facial model [19].
Suppose a Sender S suggests an Addressee A to do some action a. The
meaning of the performative of suggesting (in its reading as a request, not as
an information), that is the set of information that S wants A to believe when
providing a suggestion, may be represented by the following cognitive units [21]:
1. S has the goal that A do a
S requests A to do a
2. S believes a is useful to a goal g of A
a is in the interest of A
3. S believes 2. with low degree of certainty
degree of certainty
Cognitive Units of suggesting
On the side of the facial signal, the performative of suggesting is expressed by
looking at the addressee, with the head a bit leaning forward and the eyebrows
slightly raised. Sometimes, the global expression of the face corresponds to the
complete cluster of cognitive units that makes up a performative; but in some
cases we can ﬁnd even a one-to-one correspondence among cognitive units and
facial actions: for instance, in the case of suggestion head leaning forward may
be a quite speciﬁc way to express that the requested action is not in the interest
of S but of A (Cognitive Unit 2.); while a slight eyebrow raising may typically
express perplexity or uncertainty (Cognitive Unit 3.). Focusing on the meaning
of performatives, if we analyze a fair number of them, we can see that on the
meaning level several performatives contain information about some aﬀective
state. Let us see some examples. The performative of imploring may be analyzed
as follows:
1. S has the goal that A do a
S requests A to do a
2. S believes a is useful to a goal g of S
a is in the interest of S
3. A has power over S
power relationship
4. if A does not do a, then S will be sad.
potential aﬀective state
Cognitive Units of imploring
The performative of imploration contains the aﬀective state of sadness because, if I ask you something that is very important to me and that I cannot
obtain without your help, I can anticipate that I will be sad if you do not fulﬁl
my request. Now take the performative of a peremptory order:
1. S has the goal that A do a
S requests A to do a
2. S believes a is useful to a goal g of S
a is in the interest of S
3. A has power over S
power relationship
potential aﬀective state
4. if A does not do a, then S will be angry.
Cognitive Units of peremptory order
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Again, the performative of peremptory order contains the aﬀective state of
anger. If I request you to do something while assuming that I have power over
you, I can show potential anger, since if you do not fulﬁl my request I’ll be angry
at you. Here is, moreover, the performative of warning:
1. S has the goal that A believes c
S informs A of c
2. S believes that not to believe c may cause
social relationship
some goal of A to be thwarted
3. S has the goal that A’s goals are reached
4. S is worrying for A
potential aﬀective state
Cognitive Units of warning
The performative of warning contains the aﬀective state of worrying: warning
means that I give you some information that is important for you, at the extent
that if you did not know it something wrong could happen to you: thus, warning
contains my being worried for you.
Let us now take the diﬀerence between approving and praising.
1. S believes that A has done a
2. S believes that doing a is a good thing
S evaluates a
3. S is happy
aﬀective state
4. 2. causes 3.
5. S has the goal the A believes 4.
S informs A of an evaluation
Cognitive Units of approving

1. S believes that A has done a
2. S believes that doing a is a good thing
S evaluates a
3. S is happy
aﬀective state
4. 2. causes 3.
5. S believes that A did a particularly well
S evaluates a
6. S is surprise
aﬀective state
7. 5. causes 6.
S evaluates A
8. S believes that A is good
9. 5. causes 8.
10. S has the goal that A believes 8.
S informs A of an evaluation
Cognitive Units of praising
In both approving and praising, S believes that A has done some action a
and that doing a is a good thing, (see the Cognitive Units 1. and 2. in both
performatives), and in both this makes S happy (Cognitive Units 3. and 4.).
However, praising diﬀers from approving in that S not only believes that doing
a is good (Cognitive Unit 2.) but also that A did a particularly well (Cognitive
Unit 5. of “praising”), better than the average, surprisingly, unexpectedly well:
therefore, S is also surprised (Cognitive Unit 6.- as we shall see later, surprise
occurs any time a new event disconﬁrms some expectation). Moreover in praising,
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diﬀerent from approving, S not only has a good evaluation of the action a, but
of the person A (Cognitive Unit 8.) as somebody who is better than the average
(and this causal link is expressed by Cognitive Unit 9.). In conclusion, while
the performative of approving contains only the emotion of happiness for the
other’s action, praising contains not only happiness but also surprise. And these
emotions can be detected in the face of approving and praising.

3

Emotion in the Expression of Performatives

That some aﬀective states are contained in some performatives is true not only
on the level of the cognitive structure of performatives but also on the level of
how they are conveyed through facial expression. If we turn to the signal side
of performative faces we can see that some Action Units that typically convey
aﬀective states take part, in fact, in the facial expression of performatives, and
sometimes they even show a one-to-one correspondence with their aﬀective cognitive units. For instance, in the imploring face the inner parts of the eyebrows
are raised (see Figure 1 (a)); which is also the typical expression that characterises sadness. Similarly, the face in a peremptory order performs a frown (inner
parts of the eyebrows lowered and closer), which is also a typical expression of
anger (see Figure 1 (b)). A warning face contains an expression of worrying,
with eyebrows closer and making wrinkles on the forehead (see Figure 2 (a)); a
suggesting face contains an expression of uncertainty, with slightly raised eyebrows (see Figure 2 (b)), an approving face contains a slight smile of happiness
with raised cheeks (see Figure 3 (a)), while a praising face contains the eyebrow
raising and opened eyes typical of surprise (see Figure 3 (b)).

Fig. 1. (a) Imploring eye

4

(b) Ordering eye

Raising Eyebrows: Not only Surprise

So far we have shown that emotional information is generally contained in the
expression of a performative, that is, the speciﬁc communicative goal of a sentence or other kind of communicative act. But emotional content is also present
in other communicative material. In order to explore this topic, we do not start
anymore from the meaning side but from the signal side of facial expression. Take
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Fig. 2. (a) Worrying eye

Fig. 3. (a) Approving eye
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(b) Suggesting eye

(b) Praising eye

a speciﬁc facial signal, the raising of eyebrows, and see what diﬀerent meanings
it may convey. This facial signal occurs in diﬀerent situations and may bear the
following diﬀerent meanings:
1. When facing an unforecast situation it means “I am surprised”;
2. When listening to an interlocutor and wanting to show doubtfulness, it means
incredulity, and it could be paraphrased as: “it’s very diﬃcult to believe
that!”
3. While uttering an adversative adverb or conjunction, like ‘but’, ‘however’,
‘instead’, ‘on the contrary’, it bears the same adversative meaning, that is, it
warns the interlocutor not to draw the inference that would be most plausible
from the preceding words. It equals warning: “it is not what you might think,
the opposite is true in fact”;
4. In plain conversation or argumentation, it puts the emphasis on the word
being uttered, thus meaning something like: “this is the most important
thing in my sentence; this is what I really want you to understand”;
In a paper on the expressive movements of the eyebrows, Ekman [12] distinguishes these four seemingly very diﬀerent situations: the ﬁrst possibly holding
even in absence of communicative interaction, the second in the case of the interlocutor in a conversational setting, the third and the fourth typical of the
behavior of the Speaker in conversation. He argues that the upward and downward movements of the eyebrows are at work both in emotional signals - the
expression of emotions of surprise, anger or fear - and conversational signals interrogative expressions, emphasis and approving signals. His account seems to
imply a strong and inexplicable polysemy in the same signal - for example, the
same raising of the eyebrows may be on the one side an expression of surprise,
on the other side a signal of emphasis.
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On the basis of Ekman’s account, these meanings do not seem to share a
common core of meaning. We believe the opposite. That is, in our view, it is
more economic and plausible to think that the diﬀerent meanings (including
the emotional meanings) of the same signal (surprise, here) have a part of their
meaning in common.
Let us see now what might be the common core of meaning that the raised
eyebrows share in the four cases above: 1. surprise, 2. doubt and perplexity,
3. adversative word, 4. emphasis.
First of all, let us see what is surprise and what is its function from a cognitive
point of view.
Surprise is an emotion that occurs every time some expectation is disconﬁrmed, because some event has occurred that cannot be inferred by previous
beliefs [8].
But why is the disconﬁrm of an expectation so relevant in human life as to
give rise to an emotion, and why is it so important to communicate it?
To be aware that something is diﬀerent from expected is important, from
an adaptive point of view, particularly for the human animal, whose survival
very heavily depends on its cognitive capacity. For humans, the most important
resources to reach their goals are not as much their physical powers as their
beliefs. This is why humans do not only have pragmatic or social goals, like the
goal of performing actions well or the goal of being loved by other people; they
also have epistemic goals, that is, the goal of acquiring as many beliefs as they
can and of having one’s beliefs reliable, integrated and linked with each other
in cognitive networks [9]. Among epistemic goals humans also have the goal
of generating inferences, of drawing expectations about events: this is essential
not only to widen the range of their beliefs, but also to link beliefs with each
other, in order to feel more sure of them; moreover inferences, and particularly
expectations about future events, are necessary in planning the future course of
action. But since, at the same time, inferences are by deﬁnition not completely
reliable, and may be disconﬁrmed by the actual course of events, humans also
have the epistemic goal of being particularly alerted any time some expectation
is contradicted. Now, when some goal is particularly important from an adaptive
point of view, its being reached or thwarted is often signalled and monitored by
an emotion; and surprise is just the emotion that is felt as an expectation is
suddenly disconﬁrmed. But again, since an unexpected belief jeopardises the
whole structure of human knowledge, in that it cannot be inferred from previous
beliefs, each new unexpected event also triggers the search for further beliefs
that allow humans to infer it. This is why the emotion of surprise causes them
to raise eyebrows and to open their eyes wide: opening eyes wide is a way to
widen the visual ﬁeld, and then to see a larger amount of things, to catch a larger
amount of beliefs. A surprised person is biologically programmed to be ready to
catch as much visual information as she can: thus, the raising of eyebrows and
the opening of eyes become an expressive signal of surprise. But why should this
meaning be shared by the other situations above? Let us take them one by one,
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and see what do these meanings have in common with surprise. This is quite
easy to see when case 1. (surprise) and case 2. are compared.
The semantic structure of surprise may be represented as follows:
1. S comes to believe p
2. S believes q
3. S intends to infer p from q
4. S cannot infer p from q
5. S feels surprised
6. 4. causes 5.
Cognitive Units of surprise
Surprise occurs when S comes to believe something (Cognitive Unit 1.) that
S cannot infer (Cognitive Unit 4.) by one’s previous knowledge q (Cognitive
Unit 2.), which is something that usually S wants (Cognitive Unit 3.). This
impossibility to infer new information from old information causes the emotion
of surprise (Cognitive Unit 5.).
Let us now see the semantic structure of case 2., the back channel of doubt
or perplexity1 :
1. S
2. S
3. S
4. S

believes that A has the goal that S believes p
believes q
cannot infer p from q
feels doubtful about p
Cognitive Units of back channel of doubt

In the back channel of doubt, S is the former Addressee who is now the
Sender of a back-channel message, something like “I can’t believe what you are
saying”. A (the former Sender of a message) has the goal that S believes what
A is saying (Cognitive Unit 1.), but S already believes q (Cognitive Unit 2.),
from which p cannot be inferred (Cognitive Unit 3.); then S raises the eyebrows
in order to show she is doubtful about p (Cognitive Unit 4.).
Therefore, showing doubt or perplexity (case 2.) as a back-channel signal to
someone who is telling us something incredible is not so diﬀerent from showing
surprise, because an incredible belief is one I cannot infer from my previous
knowledge, then something that disconﬁrms my expectations. One could object
in fact that in such a situation the raising of the eyebrows is not necessarily
accompanied by the opening of the eyes. This could be accounted for with the fact
1

In general, in the representation of a back channel, we use S to denote the former
Addressee since in the case of a back channel she is the Sender of a communicative
act which can be verbal (for instance he can say ‘hum-hum’, ‘I see’, ‘I can’t follow’) or
nonverbal (head nod, smile, raising eyebrow). When the back channel is performed
nonverbally, it often overlaps temporally with the Speech Act of the current speaker
(previously called sender S). But since we analyze the communicative act of back
channel the sender S is the one who is performing the back channel while the interlocutor, even if he is currently speaking, is at the moment the Addressee of this
communicative act.
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that the original need of having a wider ﬁeld of view in the case of surprise, that
was present in our ancestors, is not so compelling here; in cases like this, where
the unexpected event is not happening in front of us but reported through other
people’s discourse, only the signal “raising eyebrows” remains to characterise
the message.
Let us now come to case 3.: what is common between expressing surprise and
accompanying an adversative word? Adversative words (like ‘but’, ‘though’,
‘yet’, ‘nonetheless’...) signal that an expected belief or a plausible inference is not
true in fact. Take the sentence: “She is blond, but she has black eyes”. Here, from
the ﬁrst part of the sentence, “She is blond”, you could infer that “she has blue
eyes”, since this is what usually occurs; therefore, in order not to let you draw this
inference, which in this speciﬁc case is incorrect, I not only tell you the second
part of the sentence, “she has black eyes”, which provides the correct information;
I also warn you not to draw the plausible but wrong inference by saying ‘but’,
and/or by raising my eyebrows. In fact, ‘but’, as well as all adversative words
and nonverbal signals, has just the function of stopping plausible but incorrect
inferences [9]; it could then be paraphrased as: “What I am going to say in the
next part of the sentence/discourse cannot be inferred, and even, the contrary
could be inferred, from the previous part of the sentence/discourse”,
The meaning of an adversative word could then be represented as follows:
1. S
2. S
3. S
4. S

has
has
has
has

the
the
the
the

goal that A believes q
goal that A believes p
goal that A believes that A cannot infer p from q
goal that A believes not p from q
Cognitive Units of adversative

In raising the eyebrows with an adversative function, S wants A to believe
both the ﬁrst and the second part of the sentence/discourse (Cognitive Units 1.
and 2.), but at the same time acknowledges that p cannot be inferred from q
(Cognitive Unit 3.), and even the contrary (not p) is true (Cognitive Unit 4.).
Thus, both surprise (case 1.) and adversative words (case 3.) share the same
element of a disconﬁrmed expectation: in fact, as well as surprise occurs when
an unexpected belief is assumed, also an adversative signal is provided when I
warn you that an unexpected belief has to be assumed, one which contrasts with
previous knowledge.
Finally, let us see what semantic relationship can be found between raising
eyebrows out of surprise (1.) and out of emphasis (4.). As I want to emphasise
a word or a clause in my sentence, I show a more wakened attention myself in
order to ask more attention from my interlocutor, because the part of sentence
I am uttering is the comment, my new contribution of information, and then
the part I consider most important and most worth of attention. Raising the
eyebrows in this case then means something like: “pay more attention than
usual, because this is the newest, least obvious, most relevant information in
what I am saying”. In fact, there is a link between surprise and new information
because any new information is potentially something we cannot infer. This is
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why the element of something that cannot be inferred from previous knowledge
is, at least potentially, present also in the case of emphasis. Emphasis can be
represented like this:
1. S has the goal that A believes p
2. S believes that A cannot infer p from q
3. S has the goal that A pays attention to p
Cognitive Units of emphasis
S wants A to believe p (Cognitive Unit 1.), but S believes A cannot infer p by
previous knowledge (Cognitive Unit 2.), and ask A to pay attention (Cognitive
Unit 3.).
To sum up, then, the semantic element of a new information that cannot be
inferred from previous knowledge seems to be common to all four cases: surprise,
doubt, adversative, and emphasis.

5

The Evolution of Meanings

The idea that a common core of meaning is shared by diﬀerent readings of the
same signal implies a hypothesis on the diachronic (historic and philogenetic)
evolution of meanings of nonverbal signals. Our hypothesis is that a signal is
displayed, at its ﬁrst occurrences, while having a primitive meaning 1.. Suppose
for instance that the eyebrow raising ﬁrstly means that for the speaker some
event is diﬀerent from expected. Later, when that signal is produced in diﬀerent
contexts, thanks to each current situation some speciﬁc inferences (new beliefs)
may be drawn from that signal: for instance, in a situation 1. what is diﬀerent
from expected is an eclipse, where the usually always bright sun is obscured by
something; in a situation 2., what is diﬀerent from expected is an incredible
thing that my interlocutor is telling me. Now, suppose these inferences, these
additional elements of information, are always the same in the same class of contexts, at the extent that they come to be recurrently attached to the primitive
meaning 1.: in this case the new inferences become crystallised around the primitive meaning, that is, they are not produced only episodically, but they start
to systematically form part of a new meaning, one made up by the primitive
meaning plus the crystallised inferences. For example, in the class of contexts
“natural phenomena” the signal exhibited may start to bear two beliefs (disconﬁrmed expectation + in natural phenomena), while in the class of contexts
“verbal interaction” the same signal may bear again two beliefs, but the ﬁrst is
the same as in the former class, while the second is a diﬀerent one (disconﬁrmed
expectation + in what other people say). In this case the recurrent inferences
have formed a new meaning, where the new beliefs, that were previously inferred
a-systematically according to the context, are now permanently attached to the
primitive meaning, in such a way as to form a new bunch of beliefs - in fact, a
new meaning -, that is richer than the primitive meaning in that it bears more
beliefs that it did before, but still includes the primitive meaning. This is, in
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our view, one of the ways a new meaning evolves from a primitive meaning. According to this hypothesis, at the end of this process, by analyzing the diﬀerent
meanings of the same signal we should ﬁnd that they all share one and the same
part of meaning - a common core of meaning - , but they diﬀer from one another
in that each diﬀerent meaning has one or more parts that do not overlap with
the other meanings. This structure of polysemic signals may be represented in
this way:

MEANING 1 MEANING 2
surprise
perplexity
disconﬁrmed disconﬁrmed
expectation
expectation
from natural from incredible
phenomenon
statement

6

MEANING 3
MEANING 4
adversative
emphasis
disconﬁrmed
disconﬁrmed
expectation
expectation
following part new information
of sentence
not inferable
from previous part
do not draw most
I ask you to
plausible inference pay attention

Meaning-Based versus Surface-Based Systems

In building embodied agents with talking faces, agents capable of expressive
and communicative behavior, we consider it important that the agent express
his communicative intentions. Suppose an agent has the goal of communicating
something to some particular interlocutor in a particular situation and context:
he has to decide which words to utter, which intonation to use, and which facial
expression to display. If the agent moves only his lips to talk but uses no other
signals (no intonation to mark an accent or the end of an utterance, no facial
expression, no change in the gaze direction, no hand gesture, and so on), the user
might soon loose the impression of dialoguing with an embodied agent. Moreover, the user might have a hard time understanding what the agent is saying,
since no communicative nor aﬀective information other than plain text will be
present in his discourse. Such an interaction will lack the necessary elements to
provide a natural interaction. So the creation of an embodied agent requires the
agent to be able to exhibit not only mere expression of emotion but also other
expressions with subtle communicative functions. The theory presented in this
paper based on the analysis of various communicative acts provides the necessary
formalism for the construction of such an agent. It provides the foundations of a
way to represent several complex elements (belief, goal, emotional state, power
relationship, social relationship and so on) that are part of the mental state of the
agent, as well as the inference rules that the agent uses to deduce his verbal and
nonverbal behaviors. Through a ﬁne-grain representation of mental states, we
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can make agents with enough knowledge and ﬂexibility as to adapt to diﬀerent
contexts and to exhibit diﬀerent personalities and attitudes2 . A ﬁrst approach
of this work is being integrated in a discourse generation program [23] based on
Mann, Matthiesen and Thompson’s ‘Rhetorical Structure Theory’ (RST) [17].
The leaves of the RST tree can be either verbal or nonverbal signals. A goalmedia prioritising module determines which media (face, gaze, speech) will be
used, while the function of the synchronizer module is to compute the occurrence
and duration of each signal (e.g. a raising eyebrow may coincide with individual
words while emotional display may span several clauses). We are conscious we
are at the premises of such a creation but we think that animating an agent from
a system that is only based on surface signal (i.e. facial expression) and not on
meaning (i.e. communicative act) will not be able to embed the naturalness and
richness of human communication.

7

Emotional Expression as the Core of Communication:
Conclusion and Further Research

In this paper we have shown that an emotional component of meaning (sadness,
happiness, worriness...) is present in communicative signals other from mere expression of emotion, namely the expression of the performative; on the other
hand we have shown that a core of meaning which is contained in the expression of an emotion (surprise)is not present only in that emotion per se but also
in other kinds of communicative signals (emphasis, back channel of doubt, adversative). The raising of the eyebrows, with its meaning of surprise, that is
of a disconﬁrmed expectation, may not only be found in the expression of the
emotion of surprise, but it may also accompany adversative conjunctions or emphasise the comment of a sentence; and all of these communicative signals imply
something new, diﬀerent from expected, and then surprising. We argue that a
construction of animated faces based simply on the representation of surface
signals can not catch the subtleness and richness of the possible meanings that
underly communicative facial expressions. Instead a componential view of facial
expression could be particularly apt to produce a modular and ﬂexible expressive capacity of faces, making them able to exhibit emotional expression either
by itself or as part of other interactional communicative signals.
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26. K. R. Thórisson. Layered modular action control for communicative humanoids.
In Computer Animation’97, Geneva, Switzerland, 1997. IEEE Computer Society
Press. 183
27. J. H. Walker, L. Sproull, and R. Subramani. Using a human face in an interface.
In Human Factors in Computing Systems, pages 85–91, April 1994. 182

5HODWLQJ3HUVRQDOLW\DQG%HKDYLRU
3RVWXUHDQG*HVWXUHV
*HQH%DOODQG-DFN%UHHVH
0LFURVRIW5HVHDUFK
geneb@microsoft.com

$EVWUDFW :H KDYH FRQVWUXFWHG D %D\HVLDQ PRGHO UHODWLQJ SHUVRQDOLW\
DQG HPRWLRQ WR H[WHUQDOO\ REVHUYDEOH EHKDYLRUV GHVLJQHG WR EH XVHIXO
LQ JHQHUDWLQJ QDWXUDO DQG FRQYLQFLQJ FRPPXQLFDWLYH EHKDYLRUV LQ D
FRQYHUVDWLRQDO DJHQW  7KH VDPH PRGHO FDQ EH XVHG WR GLDJQRVH WKH
LQWHUQDO HPRWLRQDO VWDWH DQG SHUVRQDOLW\ W\SH RI WKH KXPDQ XVHU  7KLV
SDSHUEULHIO\UHFRXQWVWKHPRWLYDWLRQDQGVWUXFWXUHRIWKHRYHUDOOPRGHO
DQG WKHQ FRQVLGHUV WKH UHODWLRQVKLS EHWZHHQ SHUVRQDOLW\ W\SH DQG
SRVWXUH DQG JHVWXUHV LQ PRUH GHWDLO  $V LV ZHOO HVWDEOLVKHG LQ WKH
SV\FKRORJ\ OLWHUDWXUH SHRSOH UHFRJQL]H FKDUDFWHULVWLF ERG\ PRWLRQV DV
UHOLDEOH LQGLFDWRUV RI WKH SHUVRQDOLW\ W\SH RI RWKHUV  :H UHYLHZ WKH
PRVW OLNHO\ VRXUFHV RI HYLGHQFH IRU WKRVH MXGJPHQWV DQG FRQVLGHU WKH
IHDVLELOLW\ RI JHQHUDWLQJ EHKDYLRU LQ DQ DQLPDWHG FRPSXWHU DJHQW WKDW
SUHVHQWV D FRQVLVWHQW SHUVRQDOLW\ DV ZHOO DV WKH PRUH GLIILFXOW WDVN RI
UHFRJQL]LQJSHUVRQDOLW\W\SHEDVHGRQERG\PRYHPHQW



,QWURGXFWLRQ

:HDUHPRYLQJWRZDUGWKHGD\ZKHQZHZLOOUHJXODUO\FRQYHUVHZLWKRXUFRPSXWHUV
LQ QDWXUDO VSRNHQ FRQYHUVDWLRQ  &UHDWLQJ DQ DQLPDWHG YLVXDO FKDUDFWHU ZLOO EH D
FRPPRQ ZD\ WR OHQG VXEVWDQFH WR RXU FRQYHUVDWLRQDO FRPSXWHUV  7KHVH FKDUDFWHUV
ZLOO LQHYLWDEO\ EHFRPH D VLJQLILFDQW VRFLDO SUHVHQFH DQG IRU PDQ\ SHRSOH ZLOO
HYHQWXDOO\ EHFRPH ORQJWHUP FRPSDQLRQV ZLWK ZKLFK ZKRP"  WKH\ VKDUH PXFK RI
WKHLUGD\WRGD\DFWLYLW\
7KH FRQVLGHUDEOH FKDOOHQJHV RI FUHDWLQJ FRQYHUVDWLRQDO FRPSXWHUV FDQ EH
FKDUDFWHUL]HGLQWKUHHVWDJHV
• 8VHIXOQHVVPDNLQJFRQYHUVDWLRQDOV\VWHPVZKLFKFDQFRPSHWHQWO\SURYLGHVRPH
GHVLUDEOHVHUYLFH
• 8VDELOLW\HQVXULQJ WKDW WKHLU FRPPXQLFDWLRQ VNLOOV DUH VXIILFLHQW WR DOORZ UREXVW
DQGHIILFLHQWLQWHUDFWLRQVDQG
• &RPIRUW FUHDWLQJ FRQYHUVDWLRQDO SDUWQHUV WKDW FDQ IXOILOO RXU GHHSO\ LQJUDLQHG
H[SHFWDWLRQVDERXWKRZKXPDQFRQYHUVDWLRQVWDNHSODFH

$03DLYD (G $IIHFWLYH,QWHUDFWLRQV/1$,SS
©6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ

5HODWLQJ3HUVRQDOLW\DQG%HKDYLRU3RVWXUHDQG*HVWXUHV

,Q PDQ\ IXQGDPHQWDO ZD\V SHRSOH UHVSRQG SV\FKRORJLFDOO\ WR LQWHUDFWLYH
FRPSXWHUV DV LI WKH\ ZHUH KXPDQ  1DVV DQG 5HHYHV >@ KDYH GHPRQVWUDWHG WKDW
VWURQJ VRFLDO UHVSRQVHV DUH HYRNHG HYHQ LI WKH FRPSXWHU LVQ¶W SUHVHQWHG DV DQ
H[SOLFLWO\DQWKURSRPRUSKLFHPERGLHGDJHQW7KH\VXJJHVWWKDWKXPDQVKDYHHYROYHG
WR DFFRUG VSHFLDO VLJQLILFDQFH WR WKH PRYHPHQW DQG ODQJXDJH SURGXFHG E\ RWKHU
SHRSOH DQG FDQQRW DYRLG UHVSRQGLQJ WR WKH FRPPXQLFDWLRQ RI WK FHQWXU\
WHFKQRORJ\DVLILWZHUHFRPLQJIURPDQRWKHUSHUVRQ
,Q RUGHU WR EXLOG FRPIRUWDEOH V\VWHPV ZH ZLOO QHHG WR XQGHUVWDQG WKH
SV\FKRORJLFDO UHDOLW\ DQG VLJQLILFDQFH RI WKHVH HIIHFWV DQG WR DGDSW RXU FRPSXWHU
V\VWHPVWRWKHQHHGVRIRXUXVHUV:KHQHYHUWKHEHKDYLRURIDFRQYHUVDWLRQDOV\VWHP
LV QRW FRPSOHWHO\ FRQVWUDLQHG WKH SDUWLFXODU FKRLFHV WKDW LW PDNHV DPRQJ DYDLODEOH
EHKDYLRUV ZLOO EH LQWHUSUHWHG E\ WKH XVHU DV H[SUHVVLRQV RI LWV SHUVRQDOLW\ >@
(YHQ LI ZH DWWHPSW WR GLVFRXUDJH WKLV LQWHUSUHWDWLRQ E\ HOLPLQDWLQJ DOO H[WUDQHRXV
EHKDYLRU ZH ZLOO VLPSO\ SURMHFW D GLIIHUHQW SHUVRQDOLW\ WKDW RI D UHVHUYHG
EXVLQHVVOLNH DQG XQIULHQGO\ DVVLVWDQW  7KHUHIRUH H[SOLFLW DWWHQWLRQ WR WKH VRFLDO
DVSHFWV RI FRPSXWHU LQWHUDFWLRQ ZLOO EH QHFHVVDU\ LQ RUGHU WR DYRLG GHJUDGLQJ WKH
XVHU VH[SHULHQFHE\JHQHUDWLQJXQQDWXUDORUGLVFRQFHUWLQJEHKDYLRUV
3HUVRQDOLW\WUDLWVWKDWPLJKWEHDSSURSULDWHIRUDQHPERGLHGDJHQWDUHLOOXVWUDWHGE\
WKHIROORZLQJSODXVLEOH EXWLPDJLQDU\ UHVSRQVHVIURPWKHDJHQWWRDXVHU
• 7KLVGRHVQ¶WVHHPWREHJRLQJVRZHOOVKDOOZHWU\DJDLQ" IULHQGO\
• ([FXVHPH«<RXDVNHGIRUDUHPLQGHULI\RXZHUHRQWKH:HEIRUPRUHWKDQ
PLQXWHV« VXEPLVVLYH
• <RX¶GEHWWHUJHWEDFNWRZRUNQRZ DUURJDQW
• *HHWKDWZDVSUHWW\IUXVWUDWLQJZDVQ¶WLW" XQDVVXPLQJ
• 7DNHDEUHDNQRZLI\RXZDQW\RXUZULVWVWRJHWEHWWHU DXWKRULWDULDQ
,Q WKHVH H[DPSOHV WKH DJHQW¶V OLQJXLVWLF H[SUHVVLRQ LV WKH FOHDUHVW LQGLFDWRU
SHUVRQDOLW\ EXW LI WKH FKDUDFWHU LV WR VHHP QDWXUDO DQG EHOLHYDEOH LW QHHGV WR EH
DFFRPSDQLHGE\DSSURSULDWHQRQOLQJXLVWLFVLJQDOVDVZHOO
6LQFH SHUVRQDOLW\ WUDLWV DUH E\ GHILQLWLRQ  DVSHFWV RI EHKDYLRU WKDW FKDQJH RQO\
YHU\ VORZO\ LI DW DOO FRQVLVWHQF\ LV SDUWLFXODUO\ LPSRUWDQW RWKHUZLVH WKH XVHU ZLOO
SHUFHLYH WKH FKDUDFWHU DV DEQRUPDO DQG ZLOO WHQG WR ILQG WKH LQWHUDFWLRQ XQSOHDVDQW
7KHUHLVDOVRVRPHHYLGHQFH>@WKDWWKHXVHU¶VH[SHULHQFHFDQEHSRVLWLYHO\DIIHFWHG
E\WKHSURSHUVHOHFWLRQRIDQDJHQW¶VSHUVRQDOLW\W\SH
,Q RUGHU WR SURMHFW D UHFRJQL]DEOH DQG FRQVLVWHQW SHUVRQDOLW\ W\SH FRQYHUVDWLRQDO
V\VWHPV PXVW EH DEOH WR V\QWKHVL]H EHKDYLRUV WKDW DUH DSSURSULDWH IRU WKDW W\SH  ,Q
DGGLWLRQLWPD\EHXVHIXOWREHDEOHWRGLDJQRVHWKHXVHU¶VRZQSHUVRQDOLW\W\SH E\
REVHUYLQJWKHLUFKDUDFWHULVWLFEHKDYLRUV LQRUGHUWRDGMXVWWKHDJHQW¶VSHUVRQDOLW\DQG
SURGXFHDPRUHFRPIRUWDEOHZRUNLQJSDUWQHUVKLS>@


5HODWHG:RUN

:KLOH PDQ\ DQLPDWHG V\VWHPV KDYH EHHQ DXWKRUHG WR FRQYH\ D GLVWLQFW SHUVRQDOLW\
WKURXJK SUHGHILQHG DQLPDWLRQ RU DXGLR HIIHFWV IHZ KDYH DWWHPSWHG WR H[SOLFLWO\
VHOHFWDSHUVRQDOLW\W\SHDQGWKHQJHQHUDWHDSSURSULDWHEHKDYLRUG\QDPLFDOO\

*HQH%DOODQG-DFN%UHHVH

3HUOLQ DQG *ROGEHUJ¶V ,PSURY DQLPDWLRQ V\VWHP >@ FUHDWHV OD\HUV RI VPDOO
DQLPDWLRQVXQGHUWKHFRQWURORIVFULSWVDQGVWDWHYDULDEOHV7KH\KDYHGHVFULEHGWKH
XVHRIVWDWHYDULDEOHVWRFRQWUROPRRGDQGSHUVRQDOLW\LQWKHLUFKDUDFWHUV
7KH 3HW] SURGXFWV E\ 3)0DJLF >@ DUH VRPH RI WKH PRVW SV\FKRORJLFDOO\
H[SUHVVLYHV\VWHPV7KHLUDQLPDWHGFKDUDFWHUVKDYHGLVWLQFWSHUVRQDOLW\SURILOHVDQG
PDLQWDLQDQLQWHUQDOPRGHORIHPRWLRQWKDWSHUYDVLYHO\DIIHFWVWKHFKRLFHRIEHKDYLRUV
DQG WKHLU DVVRFLDWHG IDFLDO H[SUHVVLRQ SRVWXUH DQG YRFDOL]DWLRQV  7KH VLPXODWHG
DQLPDOV DUH VXIILFLHQWO\ SV\FKRORJLFDOO\ EHOLHYDEOH ZLWK RQO\ QRQOLQJXLVWLF
LQWHUDFWLRQ WKDWWKHLURZQHUVUHJXODUO\GHYHORSVWURQJHPRWLRQDOERQGVZLWKWKHP
1DVV HW DO >@ GHPRQVWUDWHG WKDW WKH SHUVRQDOLW\ DWWULEXWH RI GRPLQDQFH FDQ EH
HIILFLHQWO\ FRPPXQLFDWHG LQ D WH[WXDO LQWHUDFWLRQ E\ XVLQJ VWURQJ DVVHUWLRQV DQG
FRPPDQGVGLVSOD\LQJDKLJKFRQILGHQFHOHYHODQGDOZD\VLQLWLDWLQJWKHFRQYHUVDWLRQ
7KH VDPH VWXG\ VKRZHG WKDW ZKHQ VXEMHFWV LQWHUDFWHG ZLWK D FRPSXWHU WKDW ZDV
VLPLODULQSHUVRQDOLW\WRWKHPVHOYHVWKH\UDWHGLWDV IULHQGOLHU PRUHFRPSHWHQWDQG
IHOWWKHLQWHUDFWLRQZDVPRUHVDWLVI\LQJ




0RGHOLQJ3HUVRQDOLW\
3HUVRQDOLW\

3V\FKRORJLVWVUHFRJQL]HWKDWLQGLYLGXDOVKDYHORQJWHUPWUDLWVWKDWJXLGHWKHLUDWWLWXGHV
DQGUHVSRQVHVWRHYHQWV7KH\XVHWKHWHUPSHUVRQDOLW\WRGHVFULEHSHUPDQHQW RUYHU\
VORZO\ FKDQJLQJ  SDWWHUQV RI WKRXJKW HPRWLRQ DQG EHKDYLRU DVVRFLDWHG ZLWK DQ
LQGLYLGXDO 0F&UDH DQG &RVWD >@ DQDO\]HG :LJJLQV¶ ILYH EDVLF GLPHQVLRQV RI
SHUVRQDOLW\ ZKLFK IRUP WKH EDVLV RI FRPPRQO\ XVHG SHUVRQDOLW\ WHVWV  7KH\ IRXQG
WKDW WKLV LQWHUSHUVRQDO FLUFXPSOH[ FDQ EH XVHIXOO\ FKDUDFWHUL]HG ZLWKLQ D WZR
GLPHQVLRQDOVSDFH
7KHUHIRUH RXU V\VWHP DGRSWV D VLPSOH UHSUHVHQWDWLRQ RI SHUVRQDOLW\ VWUXFWXUHG
DORQJWKHGLPHQVLRQVRI
• 'RPLQDQFH LQGLFDWLQJ DQ LQGLYLGXDO V UHODWLYH GLVSRVLWLRQ WRZDUG FRQWUROOLQJ RU
EHLQJFRQWUROOHGE\ RWKHUVDQG
• )ULHQGOLQHVVPHDVXULQJWKHWHQGHQF\WREHZDUPDQGV\PSDWKHWLF
,QRXUPRGHOWKHVHWZRFRQWLQXRXVGLPHQVLRQVDUHIXUWKHUVLPSOLILHGE\HQFRGLQJ
WKHPDVDVPDOO QXPEHURIGLVFUHWH YDOXHV  'RPLQDQFH LV HQFRGHG LQ RXU PRGHO DV
'RPLQDQW 1HXWUDO RU 6XEPLVVLYH DQG )ULHQGOLQHVV LV UHSUHVHQWHG DV )ULHQGO\
1HXWUDORU8QIULHQGO\)LJXUHVKRZVWKH'RPLQDQFH)ULHQGOLQHVVSHUVRQDOLW\VSDFH
DQGODEHOVDIHZGLIIHUHQWSHUVRQDOLW\W\SHVZLWKLQLW
2XU V\VWHP DOVR PRGHOV HPRWLRQDO VWDWH WKH VKRUWWHUP RIWHQ ODVWLQJ RQO\ D IHZ
VHFRQGV YDULDWLRQVLQLQWHUQDOPHQWDOVWDWH$VZLWKSHUVRQDOLW\ZHIRFXVRQMXVWWZR
EDVLFGLPHQVLRQVRIHPRWLRQDOUHVSRQVH>@WKDWFDQXVHIXOO\FKDUDFWHUL]HQHDUO\DQ\
H[SHULHQFH
• 9DOHQFHUHSUHVHQWVWKHSRVLWLYHRUQHJDWLYHGLPHQVLRQRIIHHOLQJDQG
• $URXVDOUHSUHVHQWVWKHGHJUHHRILQWHQVLW\RIWKHHPRWLRQDOUHVSRQVH

5HODWLQJ3HUVRQDOLW\DQG%HKDYLRU3RVWXUHDQG*HVWXUHV

,QRXUPRGHOWKHVHWZRFRQWLQXRXVGLPHQVLRQVDUHIXUWKHUVLPSOLILHGE\HQFRGLQJ
WKHP DV D VPDOO QXPEHU RI GLVFUHWH YDOXHV  9DOHQFH LV FRQVLGHUHG WR EH 1HJDWLYH
1HXWUDORU3RVLWLYHVLPLODUO\$URXVDOLVMXGJHGWREH([FLWHG1HXWUDORU&DOP

)LJ6RPHQDPHGSHUVRQDOLW\W\SHVZLWKLQWKHGRPLQDQFHIULHQGOLQHVVVSDFH



5HODWLQJ,QWHUQDO6WDWHWR%HKDYLRU

*LYHQ WKLV TXLWH VLPSOH EXW KLJKO\ GHVFULSWLYH PRGHO RI DQ LQGLYLGXDO V SHUVRQDOLW\
W\SH DQG LQWHUQDO HPRWLRQDO VWDWH ZH ZLVK WR UHODWH LW WR EHKDYLRUV WKDW KHOS WR
FRPPXQLFDWH WKDW VWDWH WR RWKHUV  7KH EHKDYLRUV WR EH FRQVLGHUHG FDQ LQFOXGH DQ\
REVHUYDEOH YDULDEOH WKDW FRXOG SRWHQWLDOO\ KDYH D FDXVDO UHODWLRQVKLS ZLWK WKHVH
LQWHUQDOVWDWHV3HUVRQDOLW\W\SHFDQEHUHOLDEO\ PHDVXUHGE\ TXHVWLRQQDLUHV VXFK DV
WKH 0\HUV%ULJJV 7\SH ,QGLFDWRU >@  +RZHYHU LQ QRUPDO KXPDQ LQWHUDFWLRQ ZH
UHO\ SULPDULO\ RQ YLVXDO DQG DXGLWRU\ REVHUYDWLRQ WR MXGJH WKH SHUVRQDOLW\ W\SH RI
RWKHUV
$ FRPSXWHUEDVHG DJHQW PLJKW EH DEOH WR XVH GLUHFW VHQVRUV RI SK\VLRORJLFDO
FKDQJHVEXWLIWKRVHPHDVXUHVUHTXLUHWKHDWWDFKPHQWRIXQXVXDOGHYLFHVWKH\ZRXOG
EH OLNHO\ WR KDYH DQ DGYHUVH HIIHFW RQ WKH XVHU V SHUFHSWLRQ RI D QDWXUDO LQWHUDFWLRQ
)RU WKDW UHDVRQ ZH KDYH EHHQ PRVW LQWHUHVWHG LQ REVHUYLQJ EHKDYLRU XQREWUXVLYHO\
HLWKHUWKURXJKDXGLRDQGYLGHRFKDQQHOVRUSRVVLEO\E\XVLQJLQIRUPDWLRQ HVSHFLDOO\
WLPLQJ WKDWLVDYDLODEOH IURPWUDGLWLRQDO LQSXW GHYLFHV OLNH NH\ERDUGV DQG PLFH EXW
PLJKWEHDJRRGLQGLFDWRURIWKHXVHU VLQWHUQDOVWDWH
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%D\HVLDQ1HWZRUNV

:H XVH D %D\HVLDQ QHWZRUN WR PRGHO WKH UHODWLRQVKLSV EHWZHHQ SHUVRQDOLW\ DQG
HPRWLRQDQGWKHLUEHKDYLRUDOH[SUHVVLRQ%D\HVLDQQHWZRUNV>@DUHDIRUPDOLVPIRU
UHSUHVHQWLQJ QHWZRUNV RI SUREDELOLVWLF FDXVDO LQWHUDFWLRQV WKDW KDYH EHHQ HIIHFWLYHO\
DSSOLHGWRPHGLFDOGLDJQRVLV>@WURXEOHVKRRWLQJWDVNV>@DQGPDQ\RWKHUGRPDLQV
%D\HVLDQ QHWZRUNV KDYH D QXPEHU RI SURSHUWLHV WKDW PDNH WKHP DQ HVSHFLDOO\
DWWUDFWLYHPHFKDQLVPIRUPRGHOLQJHPRWLRQDQGSHUVRQDOLW\
• 7KH\ GHDO H[SOLFLWO\ ZLWK XQFHUWDLQW\ DW HYHU\ VWDJH ZKLFK LV D QHFHVVLW\ IRU
PRGHOLQJ DQ\WKLQJ DV LQKHUHQWO\ QRQGHWHUPLQLVWLF DV WKH FRQQHFWLRQV EHWZHHQ
HPRWLRQSHUVRQDOLW\DQGEHKDYLRU
• 7KH OLQNV LQ D %D\HVLDQ QHWZRUN DUH LQWXLWLYHO\ PHDQLQJIXO VLQFH WKH\ GLUHFWO\
UHSUHVHQW WKH FRQQHFWLRQV EHWZHHQ FDXVHV DQG WKHLU HIIHFWV  7KH FRQGLWLRQDO
SUREDELOLWLHV RI WKH SRVVLEOH RXWFRPHV PXVW EH HVWLPDWHG EXW WKH WUHQGV RI WKH
HIIHFWVDUHRIWHQUHDGLO\DSSDUHQW

)LJ%D\HVLDQQHWZRUNUHSUHVHQWLQJPRGHORISHUVRQDOLW\DQGHPRWLRQ

• 7KH QHWZRUN FDQ EH H[WHQGHG HDVLO\ E\ LQWURGXFLQJ D QHZ EHKDYLRU QRGH DQG
OLQNLQJ LW WR WKH LQWHUQDO VWDWHV WKDW PRVW VWURQJO\ DIIHFW LW  7KH SUREDELOLW\
GLVWULEXWLRQVRIWKHQHZOLQNVDUHLQGHSHQGHQWRIWKHUHVWRIWKHPRGHO
• 7KH\ FDQ EH XVHG ERWK WR FDOFXODWH WKH OLNHO\ FRQVHTXHQFHV RI FKDQJHV WR WKHLU
FDXVDO QRGHV DQG DOVR WR GLDJQRVH WKH OLNHO\ FDXVHV RI D FROOHFWLRQ RI REVHUYHG
YDOXHV DW WKH GHSHQGHQW QRGHV  7KLV PHDQV WKDW D VLQJOH QHWZRUN DQG DOO RI LWV
SDUDPHWHUV FDQEHXVHGERWKIRUVLPXODWLQJ EHOLHYDEOH EHKDYLRU LQ DQ DJHQW DQG
IRUUHFRJQL]LQJWKHVLJQLILFDQFHRIWKHXVHU¶VEHKDYLRU

5HODWLQJ3HUVRQDOLW\DQG%HKDYLRU3RVWXUHDQG*HVWXUHV

7KH GHSHQGHQF\ JUDSK RI RXU PRGHO RI SHUVRQDOLW\ DQG HPRWLRQ LV VKRZQ LQ
)LJXUH  7KH EHKDYLRUV FXUUHQWO\ UHSUHVHQWHG LQFOXGH IDFLDO H[SUHVVLRQV OLQJXLVWLF
VW\OH YRFDO H[SUHVVLRQ DQG ERG\ PRYHPHQWV  :H IRFXV KHUH RQ WKH FRQQHFWLRQV
EHWZHHQSHUVRQDOLW\W\SHDQGERG\SRVWXUHDQGJHVWXUHVWKHUHPDLQGHURIWKHPRGHO
LVGLVFXVVHGLQPRUHGHWDLOLQ%DOO>@



*HVWXUHDQG3RVWXUH

2XU REVHUYDWLRQV RI ERG\ PRYHPHQWV WHOO XV D JUHDW GHDO DERXW WKH SHUVRQDOLW\ DQG
HPRWLRQDOVWDWHRIRWKHUV>@
'RPLQDQW SHUVRQDOLW\ WUDLWV DUH VWURQJO\ FRPPXQLFDWHG E\ SRVWXUHV DQG JHVWXUHV
WKDWGHPRQVWUDWHDUHDGLQHVVIRUDJJUHVVLYHDFWLRQ%RG\SRVLWLRQLQJWKDWHPSKDVL]HV
SHUVRQDO VL]H D VWURQJ XSULJKW ³FRQILGHQW´  SRVWXUH KDQGV SODFHG RQ WKH KLSV DQG
GLUHFWO\IDFLQJWKHOLVWHQHUDOOFRQYH\GRPLQDQFH%HQGLQJEDFNDQGWLOWLQJWKHKHDG
EDFNVXJJHVWVDUURJDQFHDQGGLVGDLQ>@$UHOD[HGDV\PPHWULFDOSRVLWLRQLQJRIWKH
ERG\ FRQYH\V IHDUOHVVQHVV ZKLFK DOVR VXJJHVWV GRPLQDQFH  *HVWXUHV OLNH UHDFKLQJ
IRUZDUGZLWKSDOPVGRZQVODSSLQJDVXUIDFHRUIRFXVLQJDGLUHFWXQZDYHULQJJD]HDW
DQRWKHUDOVRFRPPXQLFDWHDGRPLQDQWSHUVRQDOLW\W\SH
%\ FRQWUDVW VXEPLVVLYH SHUVRQDOLWLHV WHQG WR DGRSW SRVWXUHV WKDW PLQLPL]H VL]H
VXFK DV VORXFKLQJ RU NQHHOLQJ DQG SRVLWLRQ WKHLU ERGLHV DW DQ DQJOH  6XEPLVVLYH
JHVWXUHVLQFOXGHERZLQJ VKRZLQJKDUPOHVVQHVV JD]LQJGRZQWLOWLQJWKHKHDGWRWKH
VLGHUHDFKLQJRXWZLWKSDOPVXSDQGVKUXJJLQJWKHVKRXOGHUV
$IULHQGO\SHUVRQDOLW\ DVZHOODVSRVLWLYHHPRWLRQDOYDOHQFH LVFRPPXQLFDWHGE\
SRVWXUHV DQG JHVWXUHV WKDW LQFUHDVH DFFHVVLELOLW\ WR D FRQYHUVDWLRQDO SDUWQHU  7KHVH
LQFOXGHOHDQLQJIRUZDUGGLUHFWO\RULHQWLQJWKHERG\SODFLQJDUPVLQDQRSHQSRVLWLRQ
DQG D GLUHFW JD]H ZKHQ FRXSOHG ZLWK D IRUZDUG OHDQ DQG VPLOH   ,Q DGGLWLRQ
VXEPLVVLYH GLVSOD\V VXFK DV VKRXOGHU VKUXJV DQG WLOWHG KHDG LQGLFDWH KDUPOHVVQHVV
DQGVLJQDOIULHQGO\LQWHQW
$OWKRXJK SRVWXUH DQG JHVWXUHV HIIHFWLYHO\ FRPPXQLFDWH SHUVRQDOLW\ W\SH WKDW LV
QRW WKHLU VROH FRPPXQLFDWLYH IXQFWLRQ  +XPDQ FRQYHUVDWLRQV LQFOXGH D YDULHW\ RI
IDFH KDQG DQG ERG\ PRYHPHQWV WKDW SOD\ VSHFLILF DQG VLJQLILFDQW UROHV LQ
FRPPXQLFDWLRQ DQG LQ WKH PDLQWHQDQFH DQG V\QFKURQL]DWLRQ RI WKH FRPPXQLFDWLRQ
FKDQQHO LWVHOI  $ FRQYHUVDWLRQDO DJHQW FDQQRW SURGXFH D QDWXUDO DQG FRPIRUWDEOH
LQWHUDFWLRQ ZLWKRXW SURSHUO\ JHQHUDWLQJ WKHVH VLJQDOV >@  7KH HPRWLRQ DQG
SHUVRQDOLW\GLPHQVLRQVRIERG\PRYHPHQWDUHEHVWYLHZHGDVEDFNJURXQGEHKDYLRUV
EHKLQGWKHFRQYHUVDWLRQDOJHVWXUHVWKDWFDUU\PRUHVSHFLILFPHDQLQJ
7KHUHIRUH RXU PRGHO HVWLPDWHV WKH UHODWLYH OLNHOLKRRG RI D YDULHW\ RI VSHFLILF
SRVWXUHVDQGJHVWXUHVGHSHQGLQJRQWKHSHUVRQDOLW\W\SH DQGHPRWLRQDOVWDWH RIWKH
DJHQW  :KHQ XVLQJ WKH PRGHO WR FRQWURO WKH EHKDYLRU RI DQ DQLPDWHG DJHQW WKH
V\VWHP VHWV WKH YDOXHV RI WKH 'RPLQDQFH DQG )ULHQGOLQHVV QRGHV DORQJ ZLWK WKH
HPRWLRQDO VWDWHV  DQG HYDOXDWHV WKH %D\HVLDQ QHWZRUN  7KLV UHVXOWV LQ D SUREDELOLW\
GLVWULEXWLRQ LQGLFDWLQJ ZKLFK SRVWXUHV DQG JHVWXUHV DUH PRVW OLNHO\ WR FRQYH\ WKH
GHVLUHGSHUVRQDOLW\7KHVHGLVWULEXWLRQVFDQWKHQEHVDPSOHGWRVHOHFWDVHTXHQFHRI
EDFNJURXQGSRVWXUHVDQGJHVWXUHV7KHVHDFWLRQVPXVWEHLQWHJUDWHGZLWKWKHVWUHDP
RIHPEOHPDWLF ³WKXPEVXS´ SURSRVLWLRQDO ³LWZDVWKLVELJ´ LFRQLF GHSLFWLQJVRPH

*HQH%DOODQG-DFN%UHHVH

IHDWXUH RI D UHIHUHQW  PHWDSKRULF DEVWUDFW V\PEROV  GHLFWLF SRLQWLQJ  DQG EHDW
V\QFKURQL]DWLRQ JHVWXUHVWKDWDFFRPSDQ\QRUPDOFRQYHUVDWLRQDOVSHHFK>@
7KH WLPLQJ RI EDFNJURXQG ERG\ PRYHPHQWV PXVW DOVR EH GHWHUPLQHG RQFH D
SDUWLFXODUJHVWXUHKDVEHHQFKRVHQ HJKDQGVRQKLSV WKHGXUDWLRQRIWKDWEHKDYLRU
LV GHWHUPLQHG DQG WKHQ DOLJQHG ZLWK DQ\ IRUHJURXQG JHVWXUHV WKDW PD\ EH
DFFRPSDQ\LQJ VSHHFK  *HVWXUH VSHHG DQG IUHTXHQF\  DUH FXUUHQWO\ EDVHG RQ
HPRWLRQDODURXVDOOHYHOVRQO\



&RQFOXVLRQ

:H KDYH FRQVWUXFWHG D %D\HVLDQ QHWZRUN PRGHO WKDW HVWLPDWHV WKH OLNHOLKRRG RI
VSHFLILF ERG\ SRVWXUHV DQG JHVWXUHV IRU LQGLYLGXDOV ZLWK GLIIHUHQW SHUVRQDOLW\ W\SHV
%\ VDPSOLQJ WKH UHVXOWLQJ SUREDELOLW\ GLVWULEXWLRQV ZH FDQ JHQHUDWH D VHTXHQFH RI
ERG\ PRYHPHQWV WKDW VHHP WR EH FRQVLVWHQW ZLWK WKH VHOHFWHG SHUVRQDOLW\ W\SH
$OWKRXJK WKHVH PRWLRQV FRQYH\ D GLVWLQFW LPSUHVVLRQ RI SHUVRQDOLW\ WKH\ DUH QRW
FRQYLQFLQJO\ QDWXUDO EHFDXVH WKH\ DUH QRW DV \HW  FRRUGLQDWHG ZLWK DSSURSULDWH
VSHHFKV\QFKURQL]HGFRPPXQLFDWLYHJHVWXUHV
'HFRGLQJ XVHU ERG\ PRYHPHQWV IURP YLVXDO LQSXW LV D PXFK PRUH GLIILFXOW
SUREOHP  ,W ZLOO ILUVW EHFRPH IHDVLEOH WR GHWHFW LQGLFDWLRQV RI DURXVDO EDVHG RQ WKH
VL]HIUHTXHQF\DQGVSHHGRIERG\PRYHPHQWV0RUHGHWDLOHGUHFRJQLWLRQ ZLOO ILUVW
UHTXLUH WKH UHOLDEOH LGHQWLILFDWLRQ RI VSHFLILF YLVXDO JHVWXUHV DOUHDG\ D GLIILFXOW
SUREOHP7KHQLW ZLOOEHQHFHVVDU\WRGHWHUPLQH ZKLFKJHVWXUHVDUHWLJKWO\ FRXSOHG
ZLWK VSHHFK DQG ZKLFK DUH PRUH DSSURSULDWHO\ LQWHUSUHWHG DV LQGLFDWLRQV RI
SHUVRQDOLW\7KLVGLVFULPLQDWLRQZLOOUHTXLUHDWOHDVWVRPHOHYHORIXQGHUVWDQGLQJRI
WKHXVHU VVSHHFK
7KHUHIRUH LQ WKH QHDU WHUP DQDO\VLV RI XVHU SHUVRQDOLW\ ZLOO SUREDEO\ UHO\
SULPDULO\ RQ OLQJXLVWLF DQDO\VLV DQG VXFK IDFWRUV DV W\SLQJ VSHHG  :KLOH WKHVH
PHWKRGVDUHOLNHO\ WREHVRPHZKDWXQUHOLDEOH1DVVDQG5HHYHVSRLQWRXW WKDW XVHUV
VHHP WR DSSUHFLDWH D V\VWHP WKDW FKDQJHV LWV FRPPXQLFDWLRQ VW\OH LQ DQ DWWHPSW WR
DFFRPPRGDWHWKHLUSHUVRQDOLW\DQGWKDWDPLVWDNHQDGMXVWPHQWGRHVQRWFDXVHWKHPWR
VWURQJO\ GLVOLNH WKH V\VWHP >@  7KXV D FRQYHUVDWLRQDO DJHQW WKDW PDNHV LWV EHVW
HVWLPDWHRIWKHXVHU VSHUVRQDOLW\W\SHDQGWKHQDGRSWVDVLPLODUVW\OHLVOLNHO\WREH
SUHIHUUHGRYHURQHWKDWGRHVQ WDGDSWDWDOO
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Introduction

The automatic generation of natural language messages (or NLG) has been employed in many computer systems and for various purposes, which go from providing information on a particular subject, to instructing on how to perform
some -complex- action, to arguing about a particular claim (for an overview,
see [24]).
In the majority of systems that have been designed in the last decade, these
messages are adapted, in their content and presentation style, to the context in
which they have to be applied: that is, to the Hearer’s characteristics (represented
in a “mental model” of the Hearer), to the application domain and, generally
in a more implicit way, to the Speaker’s characteristics. Adaptation is based on
“strong” assumptions about the Hearer’s mental state and the way this state
is inﬂuenced by communication of each individual component of the message,
and by understanding of the relationships among these components. The aspects
of the mental state that are represented, in the large majority of cases, are the
Hearers’ beliefs and knowledge of domain topics and their goals about the domain
state; in some cases, this may extend to representing other aspects, such as the
ability to perform domain actions, the interest towards topics, the preference
towards domain states. When a Speaker’s model is represented as well, this
includes second-order beliefs and goals of the same type.
Generally seen as informative tools, these systems give little space to representation of less rational aspects, such as emotions, of both Speaker and Hearer.
However, natural language communication is inﬂuenced by a number of factors,
of which the more rational ones constitute only a subset. Especially when communication occurs in “delicate” scenarios, such as a medical setting, the Hearer
cannot be expected to coolly react to what is being said. Many studies in the
health behaviour research have shown that patients’ attention and understanding is highly aﬀected by their emotional involvement [1,26]. It therefore appears
worthwhile to investigate whether, when and how emotions, personalities and
other extra-rational factors should be taken into account when designing a NLG
tool.
By paraphrasing Rose Picard [22], we deﬁne Aﬀective Natural Language Generation as “NLG that relates to, arises from or deliberately inﬂuences emotions
or other non-strictly rational aspects of the Hearer”: these aspects (denoted
with the generic term of “attitudes”) include personality traits, emotions and
highly-placed values. We argue for the need for aﬀective NLG by considering
A. M. Paiva (Ed.): Aﬀective Interactions, LNAI 1814, pp. 204–218, 2000.
c Springer-Verlag Berlin Heidelberg 2000
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an example from medical explanation texts, in which aﬀect plays a particularly
relevant role. We claim that Aﬀective NLG requires a revision of the generation
methods and of the knowledge sources (about the domain and about the Hearer)
that are employed in this process, and, from analysis of the presented example
and of the literature, we draw some conclusions about the way NLG methods
might be revised to produce more aﬀective texts.

2

A Case Study

We consider two examples from a corpus of explanations about drug prescription [2]. The corpus was collected by presenting a set of scenarios to several
doctors, who were then asked to make a drug prescription and to support this
prescription with an explanation addressed to the patient, to a nurse and to a
colleague.
The two examples presented here are both addressed to the patient, as these
were the versions of the explanation conveying more aﬀect, and refer to the
following scenario:
“A 44 years-old alcoholic man lives on a poor diet in a cold and damp lodging
house. He now complains of a persistent cough, occasionally bringing up blood.
His appetite is poor, and he thinks he is losing weight. Examination and chest
X-rays, followed by other tests, conﬁrm the diagnosis of tuberculosis”.

The explanation texts provided by the two doctors are shown in Fig. 1. Doctor
D1 (column 2) provides a shorter text, Doctor D2 (column 3) a longer one.
The two texts do not really diﬀer in the overall structure: they both start with
illustrating the disease, to then anticipate that treatment will be long and cannot
be avoided; after synthesizing the main aspects of treatment (number of drugs
and intake modalities), the texts end with mentioning the main accompanying
measures that the doctor is going to undertake.
Both texts employ some typical aﬀect-conveying techniques (italicized text
in the ﬁgure). However, it is the quantitative and qualitative diﬀerence in the
way these techniques are employed which makes the two texts really diﬀerent:
– D1’s text is mainly focused on convincing the patient to follow the treatment,
by relying on his sense of responsibility: treatment is long and necessary (4)
and has to be done every day, for at least three months (7).
– D2’s text combines the goal of motivating the patient with the goal of reassuring him about the perspectives of success of treatment. This text is
longer, ﬁrst of all because it includes many more justiﬁcations:
1. of diagnosis, and the way it is linked to available evidence (1),
2. of the reason why a combination of drugs is needed (6),
3. of the reason why a notiﬁcation of the disease is required (not from the
legal but from the public health viewpoint!: 10), and
4. of the circumstance that may justify a future hospitalization (11).
At the same time, the patient is constantly reassured about the eﬃcacy of the
treatment prescribed (2, 4, 5, 6) and about the health service participation
to monitor his health status (11).
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1 Mr Smith, unfortunately you have an infection Well Mr Smith, we’ve got the tests back now and I
of the chest which is called tuberculosis;
think we might have mentioned your losing weight
and being a bit poorly, but we were a little bit
worried that you did have TB, or tuberculosis infection. And the tests have really conﬁrmed that
worry, it looks as if, on your chest X-ray, you’ve
got active TB, and your sputum is also positive.
2
So, the good news is that we do have tablets that
are very eﬀective for treating TB,
3
you do have to take several tablets a day,
4 the problem, with this infection, is it takes a and you will have to take them for some months
very long time to eradicate it from the body to get really over this problem,
and therefore we have to undertake quite a
long course of treatment which it is essential
for you to fulﬁll for the full course.
5
but it is something we can do something about.
6 Therefore, initially we are going to start oﬀ What we are going to do today is start you on
with 3, and we may even add 4 drugs when two types of tablets, one a special antibiotic to
we talk to the microbiologist.
kill oﬀ the TB bugs, the other ones are vitamins,
because you can run a bit short of vitamins when
you’re on these tablets.
7 These drugs will have to be taken every day,
and then we’ll reassess the situation in three
months time.
8 I notice that you live on your own at the mo- Now the other thing we’ve got to do is to look into
ment and
why you’ve got this, we’re a little bit worried that
you’re maybe a bit undernourished, and haven’t
been looking after yourself, and
9
we’re going to see if we can speak to our social
workers to see if they can improve on your surroundings and beneﬁts.
10
What we’re also going to have to do is notify you
as a case of TB, because this is an infection and
you might have caught it from one of your friends,
or alternatively you could maybe cough on somebody and infect them.
11 I just wondered what you felt of coming into So, these are the main things we’re going to be
hospital over the next few days.
doing, and we’ll be keeping a close eye on you
here at the clinic to make sure you are getting
better, and we may need to bring you into hospital for a bit if you don’t progress as well as we’d
like.

Fig. 1. Two explanation texts about drug prescription

The ﬁrst eﬀect of the diﬀerence in aﬀect, in the two texts, is therefore a diﬀerence
of content: more aﬀect implies, in the considered example, more details1 . The
second eﬀect is a diﬀerence of form: in D2’s text, many more aﬀect-conveying
terms are used:
– verbs: kill oﬀ the TB bugs, in segment 6; a close eye on you, in segment 11;
– adjectives: the good news, in segment 2;
– adverbs: a lot of little bit and some very, really, maybe, here and there, when
needed to enhance positive aspects and mitigate negative ones.
1

In other cases, more aﬀect implies, on the contrary, less details, caused by the decision
to omit, from the explanation, aspects that are diﬃcult for the Hearer to accept or
that might cause distress to the Hearer, as we will see later on.
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Both texts (and especially D2’s) are rather redundant: some topics are repeated
with identical or equivalent wording. For instance:
– “it takes a very long time to eradicate”, and “we have to undertake quite a
long course of treatment” (D1’s text, segment 4);
– “The good news is that we do have tablets that are very eﬀective for treating
TB”, and “but it is something we can do something about” (D2’s text,
segments 2 and 5).
Other topics, on the contrary, are only touched on, without going into details: we
will see some examples of this when we will talk about side eﬀects, in particular.
Finally, both doctors employ the “ﬁrst plural person” form of verbs, to give
the patient the feeling that caring for the diagnosed disease is not something
that concerns the patient alone, but it is something the doctor and the patient
are managing together (in the case of D2, it is a “battle” they will ﬁght jointly).
To conclude: aﬀect manifests itself, in the examined example, both at the
content and at the form level. Redundancy, inclusion of motivating and reassuring details, and elusion of demotivating topics are examples of the ﬁrst level;
use of enhancing or mitigating terms and of the ﬁrst plural person form are
examples of the second one. In other texts in the same corpus, we found several
examples of a wise use of redundancy vs conciseness, to stress favourable or deemphasize unfavourable information. We also found examples of summaries of
topics that are relevant for correct treatment, that were introduced in the texts
with the aim of reinforcing the patient’s memory. Finally, we found a variation
in the order of presentation of information items (for instance, side eﬀects and
drug administration) that was probably linked to their presumed impact on the
patient’s emotional state. In other examples of medical texts, other forms for
expressing aﬀect were employed: for instance, in a corpus of dialogues between
doctor and patient in two diﬀerent settings (a family planning service in Italy
and an adolescent diabetic care service in the UK), several forms of omission
were employed like elusion or deception [3].
All the examples we looked at, anyway, show that aﬀect plays a crucial role
in explanatory texts. We shall reﬂect, in the remaining of this paper, on how
such a trait may be rendered in automated NLG.

3

Aﬀect in Natural Language Generation

Apart from works which explicitly deal with (especially informal) argumentation [25,27,15,10], reﬂection on how texts may be generated, that give appropriate weight to aﬀective components of both the Speaker’s and the Hearer’s
mental state, has been rather episodic in the NLG community, and mainly with
a focus on the wording of the text.
Among others, [12] focuses on the idea of “producing utterances empathetic
to both the Speaker and the Hearer”, by oﬀsetting “unpleasant” information
and stressing “favourable” one, through detensiﬁer and intensiﬁer adverbs: the
Hearer’s mental model is enriched, to this purpose, with domain-related personal
preferences, concerns, worries and related features. In [30] it is discussed how
variables like the “social distance” between the Speaker and the Hearer, the
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“power” that the Hearer has over the Speaker and the two agents’ “basic desires”
might aﬀect strategies for realizing a particular speech act. Similar considerations
are made in other projects whose purpose is to build “life-like characters with
personality and emotions”, as, for instance, in [18].
Very few works have dealt with the problem of organizing the text content
when aﬀect has to be taken into account. In his book on Generating natural
language under pragmatic constraints, Hovy dedicates a Chapter to this subject
by discussing, in particular, how to deal with situations in which there is a “potential conﬂict” or an “agreement” between the aﬀective implications of the text
and the Hearer’s opinion [13, Chapter 4]. He suggests to apply content-related
and form-related techniques, the ﬁrst ones aimed essentially at avoiding “sensitive issues” or at de-emphasizing them through evasion, selectivity or other
means, the second ones aimed at enhancing positive aspects and mitigating negative ones, through appropriate word choices. Hovy’s proposal to intervene on
the text content through some form of evasion, elusion or “deception by masking” will remain an exception for some time. Kölln shifts this research ﬁeld’s
focus towards the planning step, by suggesting to consider some Hearer’s attitudes such as “subjective preferences” towards relevant concepts in the domain
under consideration, in deciding the text content in concept explanation generation [16].
Some other researchers have been concerned with how emotional factors affect the structure of the sentence. One of the most notable contributions is Marilyn Walker’s study on the role of repetitions in texts [28,29]: this study goes
in the opposite direction of the prevalent tendency in sentence planning, whose
main focus is on aggregation [14]. In a recent survey, Reape and Mellish [23]
report several deﬁnitions of this NLG task found in the literature, for instance:
“redundancy elimination, abbreviation, text structure combination for concise
and coherent text generation” etc. These goals may be achieved by languagedependent or language-independent techniques and may focus on conceptual,
semantic or rhetorical aspects of the text. There are no considerations, in this
paper like in others in the same ﬁeld, on when aggregation should not be made.
By illustrating the beneﬁts of repetitions in a text, Marilyn Walker, on the contrary, indirectly indicates some circumstances in which redundancy is a value
rather than a vice and therefore delimits the role of aggregation. We came to
similar conclusions in our analysis of medical explanation texts and dialogues,
in [6]: as the emotional state of the Hearers inﬂuences their reaction to the
communicated message, assumptions that generally justify the avoidance of repetitions are likely to be violated in aﬀective texts, and NLG methods should be
revised accordingly.
Apart from these and few other examples, we lack, to our knowledge, a comprehensive research which fully accounts for how the goal of producing aﬀective
texts inﬂuences the various stages of the NLG process. In the next section we try
to make a step in this direction, by sketching some ideas based on the literature
and on our experience.
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Communicative Goal

Discourse Planning

Text Plan

Speaker Model

Sentence Planning

Domain KB

Hearer Model

Revised
Text Plan

ATN Library

Prescription for Mr Fictif

Surface Realisation

There are 3 drugs you have
been prescribed:
The first one is Aspirin

Fig. 2. Architecture of the NLG system

4

Considerations on How to Generate Aﬀective Texts

If aﬀect inﬂuences the information content and order and the way that communicative acts are realized, then all phases of the text generation process should be
inﬂuenced by consideration of emotional factors. We assume a classic pipeline
architecture for NLG systems, consisting of the phases of discourse planning,
sentence planning and surface realization [24].
Fig. 2 illustrates this architecture as developed in our system: the Plan Library and the Augmented Transition Networks (ATN) library are knowledge
sources employed in discourse planning and surface realization. A Speaker and
a Hearer Model enable a double adaptation of the message produced; a Domain
Knowledge Base (DKB) provides information on concepts, objects and other
topics in the domain to which the explanation refers.
4.1

Discourse Planning

Discourse Planning is “the process of imposing ordering and structure over the
set of messages to be conveyed” [24]. The result of this process, the text plan,
is usually represented as a tree, whose leaves are the information content of the
text and whose internal nodes have some representation of how parts of the text
relate to one another.
Information content and order of the discourse items are often established by
applying some planning algorithm to a Library of plan operators. The structure
of the operators that have been applied in various discourse planning experiences
varies slightly ([21] contains probably the most complete and clear introduction
to this subject). We will refer, in this paper, to the structure of the operators that
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we employed in our tool for generating explanations about drug prescriptions [7].
In these operators:
– the Header speciﬁes a discourse segment purpose;
– the Domain Constraints specify conditions on the Domain Knowledge base
that must be satisﬁed for the operator to be applied;
– the Intentional Constraints specify conditions on the Hearer mental state
that should be satisﬁed for the operator to be applied. As opposed to domain
constraints, intentional constraints can in turn be planned for, if not satisﬁed,
through a pattern-matching with the Eﬀects of other operators;
– the Eﬀects specify the changes produced in the mental state of the Hearer
by the communicative action(s) activated by the operator;
– the Decomposition speciﬁes how the communicative goal mentioned in the
Header may be decomposed into sub-goals, and the role that each of these
subgoals plays in the Rhetorical Relation (RR) attached to the operator2 ;
– the Rhetorical Relation speciﬁes the above mentioned RR name.
Figure 3 provides an example of one of these operators, that aims at describing a side eﬀect (?x) of a drug (?y). The application constraint of this operator is
that the Hearer (H) does not already know these side eﬀects (NOT (KnowAbout
H ?x)). Its eﬀect is that the Hearer will come to know them. The goal speciﬁed
in the Header may be decomposed into four subgoals (in this case, primary communicative actions) which are linked by a RR of Elaboration Object-Attribute;
the goal to inform about the side eﬀect name (Inform S H (Sign ?x)) is the
nucleus of this RR; the other items in the Decomposition are satellites.
In our generator of explanations about drug prescriptions, about 100 operators were employed to plan the message structure. Although this method enabled
us to achieve a double adaptation of generated texts (to the Speaker and to the
Hearer), these texts did not show the same level of empathy that we had found
in the doctors’ corpus of explanations.
To produce more aﬀective texts, such a method should be revised throughout. First of all, the strategy to employ in achieving the communicative goal
that is formalised in a plan operator has to consider not only the Hearers’ experience or knowledge but also other, less rational factors, such as their desires,
interests, fears, satisfaction and so on. Moreover, these factors should be ‘graded’
rather than being considered as dichotomic variables. This requires revising the
Intentional Constraints and the Eﬀects slots of plan operators.
Intentional Constraints. As said before, this is the slot in which the decision of when to include a topic in the message is formalised. In traditional text
planners, this decision is driven by the need to avoid redundancy in the text, by
avoiding to talk about what the user already knows. This originates from the
Gricean maxim of “Quantity” [11] and is based on simplifying assumptions such
as [29]:
2

We use the Rhetorical Structure Theory [19] to identify the relations among text segments: according to this theory, text segments participating to a rhetorical relation
can have either a more prominent (nucleus) or a less prominent (satellite) role.
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DeﬁneSingleSideEﬀect (S H ?x ?y)
(Drug ?y) AND (SideEﬀect ?x ?y)
NOT (KnowAbout H ?x)
(KnowAbout H ?x)
(Inform S H (Sign ?x))
Nucleus
(Inform S H (Severity ?x)) Satellite (optional)
(Inform S H (Frequency ?x)) Satellite (optional)
(Inform S H (Intensity ?x)
Satellite (optional)
ElaborationObjectAttribute

Fig. 3. A typical plan operator, from [7]

1. unlimited working memory of the Hearer (everything an agent knows is always available for reasoning),
2. logical omniscience (every logical conclusion of the Hearer’s knowledge is
always available for reasoning) and
3. no autonomy in knowledge (assertions and proposals by the Speaker are
accepted by default by the Hearer).
However, as stated by Marilyn Walker [29] and as we saw in our Examples in
Sect. 2, it turns out that a topic may be included in a text, even if the Hearer is
presumed to already know it, for several reasons: for instance, to augment the
evidence in support of a desired belief, to make the topic salient in a given phase
of the discourse, or to increase the Hearer acceptance of some claim. The need
for mentioning a topic therefore depends, on one side, on characteristics of the
Hearers that go beyond their knowledge state, such as their inference ability,
their attentional capacity or their emotional state. But it also depends on characteristics of the discourse topic, such as how complex a task is, how hard and
how important the inference is, or how acceptable errors consequent to misunderstanding of the message are. When the text has an argumentation purpose
(for instance, “to convince the patient to carefully comply with treatment”), the
target of the communication process are the Hearers’ goals and intentions rather
than, or in addition to, their beliefs and knowledge. The simplifying assumptions
leading to avoid repetitions may be rephrased, in this case, as follows:
1. unlimited performance desire of the Hearer (everything the agent intends to
do is immediately turned into action),
2. behavioural total coherence (every intention consequent of the Hearer’s mental state is immediately adopted),
3. no autonomy in behaviour (requests are accepted by default by the Hearer).
To account for aﬀective factors in the deﬁnition of plan operators’ constraints,
conditions under which these assumptions are likely to be violated, and attitudes
of the Hearer’s mental state that may aﬀect them, need to be established.
Figure 4 shows an example of how the operator of Fig. 3 may be revised,
to plan an aﬀective discourse. This operator is meant to capture a situation in
which the considered drug has “serious side eﬀects” and the patient has a high
“ self-care attitude” and does not fear too much about painful consequences
of taking the drug. New items are introduced in the Intentional Constraints
slot: the Hearer’s interest towards knowledge of health care implications (in our
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Header:
DeﬁneSingleSideEﬀect (S H ?x ?y)
Domain Constraints:
(Drug ?y) AND (SideEﬀect ?x ?y) AND (Eq ((Severity ?x) HIGH)
Intentional Constraints: (Val(KnowAbout H ?x) < t1) AND (Val(WantsToKnow H ?x) > t2)
AND (Val(Fear H PAIN) < t3)
Main Eﬀects:
Increases Val(KnowAbout H ?x)
Side Eﬀects:
Decreases Val(Goal H (Take H ?y))
AND Increases Val(Fear H PAIN)
Decomposition:
(Inform S H (Sign ?x))
Nucleus
(Inform S H (Severity ?x)) Satellite (optional)
(Inform S H (Frequency ?x)) Satellite (optional)
(Inform S H (Intensity ?x)
Satellite (optional)
Rhetorical Relation:
ElaborationObjectAttribute

Fig. 4. A plan operator for aﬀective discourse planning

case, the side eﬀects of the drug: (WantsToKnow H ?x)) and his/her emotional
state. The particular emotion category considered in the example is ‘fear’ about
‘the prospective undesirable event’ of ‘feeling pain due to the side eﬀects of the
drug’ [9]. All conditions in this slot are transformed from ﬁrst order formulae to
conditions on the value of the ‘intensity’ of items: the operator will be activated
only when this value (the ‘level of knowledge’, the ‘level of interest’, the ‘level of
fear’) exceed or are below a threshold value. A diﬀerent operator would consider
the case of patients whose ‘self-care attitude’ is not very high or whose fear
about feeling pain is high: in such case, details about most negative aspects
of side eﬀects will be hidden, or will eventually be attenuated by appropriate
techniques.
Eﬀects. The communication of a topic produces several eﬀects on the Hearer’s
mental state: some of them are “main (usually positive) eﬀects” that satisfy the
main communicative goal of the Speaker, while others are “side eﬀects” that
may be “negative”, not intentional and not avoidable. This makes too simplistic
the on/oﬀ hypothesis, according to which agents either have or have not a goal,
a belief or an attitude, and reverse their state of mind after receiving a communication. Some more ﬁne grained representation is needed, instead, to express
the graduality of mental state change.
Let us compare, again, the two operators in Fig. 3 and Fig. 4. In the operator employed in aﬀective discourse planning, the main eﬀect is to increase the
Hearer’s knowledge about the side eﬀects of the drug. In addition, a new category
of eﬀects is introduced: the “Side Eﬀects” slot (side eﬀects of the communication
process!) speciﬁes that the consequences of being informed about the side eﬀects
(of drugs!) is a decreased intention of taking the drug (Goal H (Take H ?y)) and
an increased fear about their possible negative consequences (Fear H PAIN).
4.2

Sentence Planning and Plan Revision

In the sentence planning step, a number of activities are performed, all having
in common the characteristics of producing, from an input discourse plan, a new
plan that is, in some sense, “optimized”.
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Aggregation, that is the grouping together of some text segments in order
to enhance coherency and ﬂuency, is considered the most important of these
activities, in the sentence planners that have been proposed so far [5].
Highlighting of primary subjects and reordering of plan tree components are
other ‘aﬀect enhancing techniques’ that may be applied, if needed, after a plan
has been produced and before surface realization starts.
These sentence planning algorithms should not, however, be driven only by
style considerations and should only be applied in speciﬁc circumstances, that
depend on the Hearer’s aﬀective state on one side, and on the domain topics on
the other side.
Let us consider, for instance, aggregation. The decision of whether to aggregate sentences or clauses or whether, on the contrary, to emphasize repetitions
in sentences, should consider not only aesthetic parameters, but also the Hearer
characteristics, the degree of diﬃculty of the topic and its importance.
Example:
Let us suppose that the considered drug has three side eﬀects (nausea,
headache and insomnia), that each eﬀect has its own severity, frequency and
intensity and that the operator in Fig. 4 has been applied in a discourse plan in
which side eﬀects are described in sequence. A text with the following content
will be produced in this case:
“However, I must inform you that this drug may cause some side
eﬀects. The ﬁrst one is nausea; it is serious, it occurs infrequently, in
a strong form, in sensitive patients. The second one is headache; it is
serious, it occurs infrequently, in a strong form, in sensitive patients.
The third one is insomnia; it is not serious, it occurs frequently, in a
strong form, in sensitive patients.”
This text includes several repetitions, some of which are concerned with “positive” aspects of this topic (infrequently, in particularly sensitive patients),
other with “negative” ones (it is serious, in a strong form). To avoid increasing the patient fear about the consequences of taking the drug, a plan revision
algorithm may be applied to enhance positive aspects through emphasized
repetition and to mitigate negative ones through aggregation. The following
revised text will be obtained:
“However, I must inform you that this drug may cause some side effects. A ﬁrst group of them includes nausea, which occurs infrequently
and only in particularly sensitive patients, and headache which, again,
occurs infrequently and only in particularly sensitive patients; these
side eﬀects are both serious. Then, you may have insomnia: it is not
serious but can be frequent; however, once again I would like to reassure you that it occurs only in particularly sensitive patients. All these
side eﬀects can occur in a strong form.”

Similar considerations may be applied to the other sentence planning techniques
we mentioned before.
4.3

Surface Realization

In the surface realization step, the way that a sentence is rendered (words choice,
sentence structure and style employed) depends, as well, on the topic and on the
Hearer characteristics. Aﬀective text may be obtained by employing rule-based
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heuristics that deﬁne when and how empathy elements have to be introduced in
the text. Let us see an example of these heuristics, from the previous text:
Example:
To produce the “however, once again I would like to reassure you that...only...”
from the revised text plan, a rule of the following type is used:
“IF the subtree Explain negative eﬀects of a drug includes “relevant for compliance” items which take unfavourable values AND the patient is particularly fearful
about this type of eﬀects, THEN de-emphasize these items”

Similar rules would produce the various little bit, very, really, may be, kill of
detensiﬁer adjectives, adverbs and verbs in the example in Section 2.

5

From Theory to Practice

We have applied some of the principles outlined in the previous Section to our
tool for generating explanations about drug prescriptions [6], with the aim of producing more aﬀective messages. We did not revise, so far, the discourse planning
component: this would require a theory for stating how intensity of knowledge,
intentions and emotions should be updated after each operator has been applied,
or, in other words, a deﬁnition of the Decrease and Increase functions in the two
Eﬀect slot of the plan operator in Fig. 4, which is beyond the scope of our present
work. We rather focused our eﬀorts on the sentence planning phase, by speciﬁcally looking at the three aﬀect-conveying operations encountered in our corpus:
treatment of repetitions, highlighting of relevant subjects and reordering of text
spans. To this aim, we introduced a p
 lan revision step in the architecture of our
generator, after extending the Speaker/Hearer Modelling components and the
Domain Knowledge Base (DKB).
The Hearer Model is enriched with new features that formalise interests,
preferences and a few emotion types (fear, hope, admiration, reproach and gratitude). Information items in the DKB are labelled according to hypotheses about
relationships between the Hearer’s knowledge and those aspects of the Hearer’s
mental state that the Speaker (the doctor) intends to achieve. For instance:
– an item ?x whose knowledge may aﬀect the patient’s capability to apply
correctly the suggested treatment plan for a drug ?y is labelled as ‘relevantfor-correct-treatment’. The cognitive hypothesis, in this case, is that:
(KnowAbout H ?x) → Increases Val (KnowHow H (Take H ?y)).
An example of such an item is ‘drug intake intervals’.
– an item ?x whose knowledge may aﬀect -either positively or negatively- the
patient’s intention to follow the suggested treatment, for instance to take
drug ?y, is labelled as ‘relevant-for-compliance’ and may take ‘favourable’
or ‘unfavourable’ values. The cognitive hypothesis, in this case, is that for
favourable items:
(KnowAbout H ?x) → Increases Val (Goal H (Take H ?y))
and for unfavourable items:
(KnowAbout H ?x) → Decreases Val (Goal H (Take H ?y)).
Relevant for compliance items are related to events that may aﬀect goalbased emotion categories: for instance, a ‘serious’ or ‘frequent’ side eﬀect of
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a drug will increase the risk of ‘feeling pain’, which raises the Hearer’s emotion of ‘fear’. They may be related, as well, to acts that aﬀect belief-based
emotion categories or compound emotions: for instance, believing that
the doctor ‘cares about the patient’s health state’ may aﬀect the patient
‘gratitude’ towards the doctor [9].
In our aﬀective natural language generator, plan revision algorithms are activated by rule-based heuristics that specify when and how aﬀect has to be
added in a text. Examples of rules aimed at, respectively, treating repetitions,
highlighting relevant subjects and reordering text spans are the following:
R1: IF the subtree ‘Explain negative eﬀects of a drug’ includes unfavourable items with the
same value, AND the patient is fearful about pain, THEN aggregate these repetitions.

R2: IF at least one leaf of the plan tree is a ‘relevant-for-correct-treatment’ item AND the
patient is aged THEN substitute the ‘Request to perform treatment’ with a sentence
which introduces the most signiﬁcant of them.
R3: IF the side eﬀects mentioned in the plan tree are many AND most of them are serious,
THEN make sure that the administration details are mentioned before the side eﬀects.

These rules are represented internally by an algorithm that explores the plantree in a top-down way, and ﬁnds out, in order, whether reordering, highlighting
or treating repetition methods have to be applied.
The activated plan revision algorithms apply to the rhetorical structure of
the plan tree to produce a new plan tree in which the intended operation is
performed. These algorithms exploit several properties of the discourse tree, the
main of which is the concept of “most nuclear part” deﬁned by the Rhetorical
Structure Theory [19], to guarantee that discourse coherence is preserved after
plan revision:
– The module for treating repetitions classiﬁes the leaves in the subtree of
interest according to their role (nucleus or satellite) and to their value of
‘relevance-for-compliance’: a new subtree is then produced, in which topics
with ‘unfavourable’ characteristics are grouped, repetitions of these characteristics are pruned out and the correct nuclearity or the discourse is restored.
– The module for highlighting relevant subjects, on the contrary, identiﬁes
‘relevant-for-correct-treatment’ topics among the plan tree leaves, in order
to produce the minimal subtree that generates a summary sentence in which
these topics are mentioned. Such a subtree is subsequently grafted into the
original plan tree, in an appropriate position.
– Finally, the module for text spans’ reordering applies properties of exchangeability of satellites in mononuclear RRs and of nuclei in some multinuclear
RRs, to exchange the relative position of two text spans, by again insuring
a ﬁnal, coherent tree.
Figure 5 shows an example of highlighting subtree (on the right) that was
extracted from the the part of the discourse plan that instructs on how to take a
speciﬁc drug (on the left). The ‘relevant-for-correct-treatment’ topics are, in this
example, the drug administration modalities (by mouth, with water); a ‘relevantfor-compliance’ item (drug eﬃcacy) is also included in the minimal subtree, to

216

Fiorella de Rosis and Floriana Grasso
DetailTreatmentPlan
Ordinal Sequence

DetailTreatmentPlan
Ordinal Sequence

ExposeTreatmentStep

ExposeTreatmentStep

Enablement

Enablement
N

DescribeDrugAdministration

DescribeDrug
Motivation N
DefineDrugPreparation
The first drug is Aspirin

ExplainDrugEffects

N

Concession EnableAdministration

N

DefineDrugPreparation
The first drug is Aspirin

[...]

EnableAdministration
ElabActModal

ElabActModal
RequestAdministration
you should take it

Joint

N

ExplainMainEffects

[...]

N

InformRoute
by mouth

N

InformExpectedEfficacy
it is very effective

N

N

ExplainPositiveEffects [...]
N

DescribeDrug
Motivation

N

DescribeIndication

N

[...]

ExplainAdminMode
Joint
N

InformIntake
with water

RequestAdministration
you should take it
N

N

ExplainAdminMode
Joint
N

InformRoute InformIntake
by mouth with water

[...]

InformExpectedEfficacy
it is very effective

Fig. 5. Extraction of an highlighting subtree

increase the patient’s intention to take this drug (as in segment 2 of Doctor 2’s
text, in Fig. 1).
The plan revision algorithms, the hypotheses on which they are based and
the experiments which led to their design are described in detail in [6]. Extension of the aﬀect-conveying techniques to the other phases of natural language
generation (planning and surface realization) is a work still in progress.

6

Conclusions

In this paper we argued for the need for more research about how aﬀect can
be introduced in the automated natural language generation of explanatory and
advisory texts, and we sketched some ideas that may be useful in this respect.
Far from advocating a ﬂouting of Grice’s maxims about natural language
communication [11], we believe that Aﬀective Text Generation requires interpreting Gricean maxims in a “relaxed” and extended way. When Grice suggests
to “make your contribution as informative as required”, this should not be interpreted as “never repeat something the user already knows, desires or may infer”,
but as “avoid repeating more than what is really needed”. When he recommends
to avoid “ambiguity” or “obscurity of expression”, this should not be interpreted
as “be always fully sincere”, but as “avoid insincerity while not needed”,... and so
on. In this perspective, Grice maxims may be seen as default rules, and aﬀective
texts as exceptions in their application.
As a ﬁnal observation, our discussion concerned how the user’s emotions
can inﬂuence a computer system producing text. A completely diﬀerent issue
concerns whether the computer system should show its own “emotions” in generating natural language. Studies have proven that, although conscious of being
interacting with a machine, humans have a clear perception of the computer system’s personality [20,8]. On the other hand, it is still to be established whether
users would appreciate a computer system showing the same level of empathy a
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human being would show, and in fact studies produced some evidence that this
may not always be the case [4].
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An Interview with Rosalind Picard,
Author of “Aﬀective Computing”
Q: Can you tell a little bit about the area of “Aﬀective Computing” and the reasons and motivations that drove you to explore this diﬃcult and at the same time
controversial theme?
A: I started thinking about emotion in 1993 while I was trying to give computers
better perceptual abilities. I had been developing algorithms for machine vision
and for modelling video content, and I was interested in extending the machine’s
visual capabilities to other perceptual domains, as well as enhancing its visual
abilities. Over a vacation, I read one of Cytowic’s books about synesthesia –
an interesting phenomenon in humans where the perceptual senses appear to
interact in an unusual way, a phenomenon that pointed to limbic system activity
in the brain. All the human vision literature I had read had focused on cortical
structures, not limbic, so I became curious as to what might be going on beneath
the cortex that had to do with vision. I began to read more neuroscience, where
I gradually began to see that emotion, which has its home in the limbic system,
not only plays a role in human perception, but in many other human aspects
of intelligence that we were trying to emulate in machines. It struck me that
I had never heard AI researchers address the role of emotion in perception,
decision-making, memory retrieval, creativity, and more, and yet it seemed really
important. Furthermore, some of the more recent neuroscience ﬁndings showed
that people whose emotions were impaired behaved in a less intelligent way, a way
that I recognised as having problems similar to AI rule-based systems. I found a
lot of ideas that I thought AI researchers should know about, unaware at the time
that there had been any work in AI on emotion. Later, while digging through the
literature and talking with colleagues, I learned that several researchers had not
only thought about giving machine emotions, but had built preliminary systems
along these lines. Most of these were not well known, and were very limited in
their modelling of emotions. As I dug more, reading about the work that had been
done, I was struck that there still seemed to be very little understanding among
computer scientists about the powerful beneﬁcial roles that emotions appear
to play in humans, about the complexity of the human emotional system, and
about the potential for imitating some of these functions in machines.
In the meantime, I had a fully-funded research program in video content
based retrieval, and it was not easy to switch my research agenda. Fortunately,
I am in a lab that encourages risk and change, and several colleagues and sponsors of my previous work showed interest in my investigating this “crazy and
impossible-sounding” area. In writing a thought-piece in January 1995 and a
book in 1997, I tried to build a framework for what I called aﬀective computing,
to bring together researchers from neuroscience, computer science, psychology,
cognitive science, pattern recognition, signal processing, medicine, and the social
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sciences to begin to address this diﬃcult area in a thorough and innovative new
way.
Q: Some part of the research of your group goes into capturing emotional states
of the user, from the sensing to the recognition of emotions. Can you brieﬂy
describe what processes and techniques would be needed for example, for my
computer to be able of recognise my emotions at the present moment?
A: We Still don’t know exactly what would be needed in the minimal sense of
this word; it is too early to tell, and it may diﬀer for diﬀerent people. The issue is
complicated by many factors, perhaps the biggest factor being that individuals
have vastly diﬀerent comfort levels with diﬀerent kinds of sensors, and I think
the human needs and desires should come ﬁrst. Some people are happy to have
a camera pointed at their face and to show genuine facial expressions to the
system, while others consider a camera a major privacy invasion. Some computers are being worn in clothing, and this aﬀords diﬀerent kinds of sensors that
can be even more comfortable than cameras. Our research is examining many
diﬀerent situations – from traditional desktop (keyboard/mouse only) sensing
to innovative wearable computers that aﬀord sensing of physiological and other
behavioural signals.
Q: Some of the results achieved in your team show that you can recognize with
a success rate of about 81%, 8 emotional states (Neutral, Anger, Hate, Grief,
Platonic Love, Romantic Love, Joy and Reverence ), using a physiological based
recognition with an actress expressing those emotions over a period of time. Can
you tell us a little bit more about these impressive results and what type of signals
you are handling? Why did you focus on those 8 emotional states?
A: These results are on data taken from one person over an extended period
of time (twenty days of collection, spanning about ﬁve weeks), in contrast with
eﬀorts in psychophysiology that usually focus on lots of subjects over a short
amount of time (usually less than an hour). Our interest was on seeing if physiology would show recognisably characteristic patterns for the emotions day in day
out. Previous results on large subject pools have shown a few highly-averaged
characteristics that correspond with certain states, but the results were not useful
for recognising emotional information for an individual, who may vary from this
average. The signals we used were: blood volume pulse, electromyogram (muscle tension), skin conductivity, and respiration. We chose these signals initially
because we had an FDA-approved sensing device that seemed fairly reliable for
these signals and these signals were believed to show some changes with emotion.
This particular set of eight emotions is an unusual one to start with, but we chose
it because we had a copy of Clynes’ sentograph with related software, which has
been used around the world to help subjects actually feel the set of emotions in
each session. The choice, ordering, and means of triggering each of the emotions
has been ﬁne-tuned by Clynes and, in our experience, was a signiﬁcant aid to the
subject in actually creating the feeling of each emotion day in-day out. Since we
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were especially interested in recognising felt emotions (vs. just a communication
of an emotion, as if an actor was onstage) it was important that we made sure
our subject could self- generate the emotional feeling. (Note that Clynes, while
not a mainstream emotion theorist, is a very ﬁne musician, and chose his list
largely to include emotions communicated in music; hence we ﬁnd emotions like
love and reverence, which are not on most theorists’ lists.)
Q: How do such results relate with other aﬀective states such as mood?
A: We really haven’t worked on mood recognition yet, and I don’t know of any
results in this area, so I cannot say.
Q: But don’t these physiological signals depend very much on the person, the age,
the gender, (the mood), and especially on his/her hormone levels?
A: There is some evidence for person-dependent patterns, much like each person’s
voice is diﬀerent. But there have also been some interesting consistencies found
across people. Our interest is in starting with person-dependent recognition,
and then grouping similar persons to extend the results to person-independence
(similar to the successful strategy used by speech recognition researchers.) The
experiment above was the ﬁrst of its kind in looking at one person over more
than a month where hormone variations, diﬀerences in daily caﬀeine and sugar
consumption, and diﬀerent moods would be present. Whether or not we could
obtain highly signiﬁcant recognition accuracy under these variable conditions
was a big question. We were delighted to ﬁnd that we could, although we also
found that day-to-day variations were signiﬁcant enough that the formulation of
a daily baseline was critical.
Q: Other than physiological signals, recognising user emotions through facial expression or through voice analysis seems to also lead to quite impressive results.
How does the success of these recognition modalities compare with the success of
the physiological recognition?
A: So far there have been no comparative studies that consider one subject over
a long period of time, where the subject genuinely tried to feel each emotion.
Much of the data collected for facial expression or vocal expression recognition
is exaggerated or gathered from actors trying to express and not necessarily feel
the emotion, and it is hard to tell how much that has biased the results. It is
also hard to tell how genuine the self-induced emotions in our subject areùshe
often indicated strongly feeling them, being moved to tears during grief, and so
forthùbut also admitted that she had some diﬃculty self-inducing anger to the
same intensity that it could occur in real life, and that this was dependent on
her mood for the day. In general, automated recognition results of six categories
of aﬀect in speech tend to be lower than the 81% accuracy we obtained based
on eight categories of emotion with physiology, which in turn is lower than the
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80-98% accuracy obtained on a set of six facial expressions (typically the Ekman
six.) It should be noted that rates vary under diﬀerent experimental conditions,
and the conditions have not been held constant across these domains. Also,
recognition of arousal in speech and in physiology seems to be very good while
recognition of valence from facial expressions is very good, so that combinations
of modalities should give more robust results. Note that all the results reported
to date are on forced-choice selection of a small number of emotion categories,
on pre-segmented data, much like in the early days of speech recognition where
the computer tried to recognise which of eight digits, 1à8, the user was speaking.
Continuous detection and recognition of emotion is a harder problem.
Q: According to Kaiser & Wehrle (in this book) emotion recognition needs to be
done within a temporal and situational context. Do you think that emotion recognition should be enriched with some kind of “environment” analysis in order to
capture at least some aspects of the situational context of the user?
A: Absolutely. We have projects where we analyse the situation jointly with expression, e.g., is the user repeatedly clicking with signs of increasing frustration
or with a relaxed curious state? In my book I gave an example of a person having
the winning lottery number where reasoning about the situation (they should be
happy) does not agree with the expression on their face (panic, despair). When
situational and expressive variables do not match, this leads to an interesting
state. When they do match, their agreement can be used to boost conﬁdence in
the analysis.
Q: Emotion recognition is only necessary if there is a clear need for a computer/machine to react diﬀerently to one or the other emotion, whenever detected, and for the beneﬁt of the user. Can you give us an idea of situations
where such adaptation is necessary?
A: I’m not sure I agree with the premise of the opening statementùif I have
previously said that, then I would word it more carefully today. Recognition is
never “necessary” if users don’t want it – no matter how beneﬁcial designers
might think it is for them. I think it is essential that we honour the users’
feelings ﬁrst in any system design. That said, let me give an example where
adaptation might be useful and appreciated: My students and I have built a
number of systems that “learn” based on feedback from the user, and to date this
feedback has forced the user to stop what he or she is doing, explicitly rank their
opinion, and communicate this via keyboard and mouse to the computer. This
is time consuming and often taxing on the user – it would be much more natural
and eﬀortless if the computer just watched for signs of pleasure or displeasure,
interest or boredom, etc. while you used the system, and occasionally asked for
clariﬁcation or explicit feedback. Since learning systems are being integrated
into a variety of tools these days – computer search algorithms, shopping bots,
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devices that interrupt you with information, and more, many users would like
to ﬁnd ways to make interaction with them more comfortable and natural.
Emotion recognition might also be useful in some systems that aren’t meant
to react diﬀerently to what the user is expressing. We have developed one system that “recognised” direct negative or positive input from the user not because
there was a clear need for the system to react diﬀerently, but because we hoped
the information could be meaningful to the designer of the system in learning
about its interaction with users in an ongoing way.
Q: In his most recent book, Damásio discussed that the problem of “feeling” emotions is based on the notion of “self” and therefore, there cannot be a “feeling
of an emotion” without consciousness. Does it mean that the work on aﬀective
computing will be forced to consider the long and extensively debated problem of
consciousness?
A: I agree with Damásio on this issue. Our having of emotional feelings is what
many of us refer to as the issue of “emotional experience”. Some aspects of
consciousness seem to be required for emotional experience. Will this hold up
research in aﬀective computing? I don’t think so, because I think that emotional
experience is only one of many aspects of giving machines emotions, and the latter is only one part of aﬀective computing research. A huge amount of progress
toward aﬀective computing can be made without worrying about consciousness.
However, I ﬁnd it interesting to try to stay abreast of research on consciousness,
because it will play a critical role in understanding if we can build machines with
emotional experience that approximates ours. Unlike many of my colleagues who
think the latter is merely a matter of time, I do not see it as a foregone conclusion at all; I have yet to see any scientiﬁc evidence that the kind of emotional
experience we have can be duplicated in a machine.
Q: Some of the work on emotion synthesis is becoming extremely important in the
construction of human-computer interfaces, in particular in computer characters
that express emotions, show empathy with the user, entertain the user etc. In
this book Paola Rizzo argues that in order to achieve aﬀective interactions such
characters do not necessarily need to “have” emotions. Further, Reeves and Nass
have shown that people in general ascribe human properties to the interfaces and
treat computers in a human-like manner. One may ask then, to what degree one
should explore emotion synthesis if one can achieve “aﬀective interactions” without it anyway?
A: I agree with Rizzo that it is not necessary. Animators for years have done a
powerful job of crafting emotion expression by hand, with no generative models.
However, animators today are recognising the power of automating some of this
process with generative models, if only to oﬄoad some of the more tedious aspects of their work. But I think synthesis can go much further than this: emotion
synthesis should not just inﬂuence expression and behaviour, but also internal
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workings of the synthetic character, things that may not be seen immediately
to those interacting with the character. The emotion system could work behind
the scenes, guiding what the character attends to and how that information is
learned, stored, and retrieved. Synthetic emotions could guide decision-making,
perception, and motivation, as well as visible expression and behaviour. And,
building such systems will raise important questions about how human and animal emotions work – no doubt inspiring new research in living systems.
Q: In your own terms, aﬀective computing is computing that “relates to, arises
from or deliberately inﬂuences emotions”. Does it mean that designing user interfaces and computer applications to inﬂuence users’ emotions, such as computer
games in general can be considered aﬀective computing? For example, during the
workshop Tetris was mentioned as good example of a game with a strong emotion
arousal leading to a catharsis-like explosive relief of anger.
A: There is a grey area in my deﬁnition, like in many deﬁnitions. People can
have emotional reactions to just about anything, and to call all such things “affective” would soon render the deﬁnition meaningless. When I inserted the word
“deliberately” before “inﬂuences” what I had in mind was that the designer’s
considerations of the emotional impact inﬂuenced his or her design. With many
designs it is tricky for the designer to articulate their thought process. Many
designers “feel” their way through the design, and are strongly inﬂuenced by
its emotional characteristics, but do not systematically or consciously attend to
emotional characteristics; yet that is what their intuition is doing. In these cases
perhaps it is an example of aﬀective computing, but I don’t particularly mind
whether it is called that or not.
Out of curiosity and to check my thinking, I posed this question to one of
the designers of Tetris, Vadim Gerasimov. He said, “I don’t think Tetris was
speciﬁcally designed to be aﬀective. In fact we never really discussed the emotional aspects of the games we designed before they were ready. We were looking
for random ideas of engaging game environments never deﬁning what engaging
meant.” He added, “I’ve never experienced strong emotional arousal nor explosive relief of anger with Tetris. So it may not be the best example of aﬀective
computing. On the other hand, some people take success and failure in the puzzles far more seriously. ..Tetris, as many other computer games, always ends with
a failure. The objective of the game is to avoid the failure as long as possible.
When the game ends, the player always has to seek a relief of the anger somewhere outside of the game.”
Q: Doesn’t this “manipulation of emotions” lead to some diﬃcult ethical problems related with individual freedom?
A: Manipulation of emotions leads to ethical questions, whether it’s one person
directly manipulating another person’s emotions, or indirectly, via a machine.
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When we manipulate our own emotions (via choosing music, or choosing to play
a video game that will manipulate them for us) then manipulation is usually
seen as good. I don’t think the ethical questions are substantially diﬀerent for
aﬀective computing than they are when a computer is not involved, but I do
think it is an area we should take interest in educating people about. Some people “trust” things more when they come from a computer, and this could be
problematic.
Q: However, when we think of E-Business we think of “trust”, and it seems that
the presence of aﬀect in E-business interactions may have a negative impact, and
users may consider such applications ”non-trustworthy”. Do you think there is
such a danger?
A: If you believe the theory of Nass-and-Reeves, then it will be perceived as
trustworthy if it behaves in a way that is like a trustworthy person behaves. It is
known that people trust a message from another person more if all their modes of
expression agree (the message is consistent with their voice, face, gestures, etc.)
and trust them less if these modes disagree. The computer may have to mimic
this, or err on the side of showing no expression, since it really can’t mimic the
human body. If the aﬀective abilities are appropriate to the business situation
(read: minimal expression, savvy about signs of liking and disliking and respectful handling of this information) then these abilities should contribute to the
success of the interaction. On the other hand, if “aﬀect” means “some character
showing a lot of emotion in an insensitive way” then I think it’s been wrongly
implemented, and will be detrimental to the interaction.
Q:Part of your research involves the construction of “aﬀective toys” that not only
capture some aﬀective states of the children but also provide aﬀective responses.
Can you tell a little bit more about this area?
A: We have done two projects in this area. For the ﬁrst project, Dana Kirsch and
I designed and built a “tigger” that has ﬁve internal states, each corresponding
to a pattern of human emotional behaviour. The toy also has a half dozen sensors for detecting things like if it is being postured upright and bounced. The
detection of this behaviour, for example, leads to a ôhappyö internal state where
tigger’s ears move upwards and it makes a happy-sounding vocalisation. The
idea is that the toy can serve as an aﬀective mirror, showing a reﬂection of the
aﬀective qualities with which the child is playing. We evaluated the toy with kids
and found that it can successfully communicate a number of emotional qualities.
Q: Some of the experiments with the aﬀective toys were with autistic children.
How were the results obtained? Do you believe that aﬀective computing will play
an important role for the communication with children and people with social,
motor and mental diﬃculties?
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A: Our second project involving toys was the design and construction of a system
to help autistic kids. This project, Kathi Blocher’s masters thesis, “ASQ” for
Aﬀective Social Quotient, used stuﬀed animals (four dwarfs – which signiﬁed
angry, sad, happy, and surprise), as a wireless interface to a computer that played
diﬀerent emotional scenarios. Gathering this footage was half the battle – ﬁnding
footage that would capture and hold autistic kid’s interest, while including a
broad range of examples of the four emotions. Six kids participated in trials using
the system at the Dan Marino Centre in Miami, where they were rewarded for
choosing the toy consistent with the emotional situation played by the computer.
Several of the kids showed improvement over a few weeks of sessions in accurately
choosing the right emotions. One child demonstrated generalisation in a home
setting, which was very exciting.
I believe that the problems we face in giving computers aﬀective skills are
very similar to the problems people who work with autistics face. As we develop
tools for computers, we should extend them to autistics, since many of them
may potentially beneﬁt from this technology.
Q:Do you think that one day we will be able to build a machine, which like HAL,
is able to express, “understand”, and perhaps “feel” emotions?
A: I don’t have a short answer to this, because of the complexity involved in the
notions of “understanding” and “feeling” emotions, and because of the diﬀerence between giving the appearance of these things, and really having them at
a non-trivial level. The big problem of course is the aspect of consciousness that
permits awareness of feeling in the same way that we people think of it. To read
more about “building a HAL with emotions” let me refer people to the chapter
I wrote in the book Hal’s Legacy, edited by David Stork, MIT Press, 1997.
Q: Do you think that aﬀective computing may change the gender diﬀerences we
ﬁnd nowadays in the areas of computing?
A: The primary gender-related diﬀerence I know about aﬀect is that women as
a group score better than men score as a group when it comes to recognising
emotion. However, women in computing may not score better; it is an interesting
subset to compare, and I don’t know of any such studies within our ﬁeld. The
technical ﬁelds have traditionally attracted people with a higher likelihood of
having autism in their family history, as compared to the non-technical ﬁelds,
further adding ammunition to those who think of computer scientists and engineers as not very good at things related to feelings. By recognising important
roles of emotion, and trying to build these into machines, we might not only
help educate current computer scientists about emotional skills, but perhaps it
will attract new kinds of computer scientists. In my own experience, I’ve never
had such a high percentage of women in my research group as I’ve had since
including aﬀect on the agenda, but this is only one data point. I would certainly
like to see more women in the ﬁeld, and I think most men would agree with this.
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Q: How do you see the future of this fascinating area of aﬀective computing?
A: My hope is that this research area will become one with the highest intellectual and ethical standards, creatively developing radically better interfaces
and computing systems for all kinds of people, not just for the computer elite
or those in power, but for people of all levels of ability. These systems should
always show respect for the user’s feelings, in choice of design and in choice of
system responses to each individual. It is a tragedy when aﬀective sensing or
goofy aﬀective expressions are imposed on users in forms that annoy or belittle
them. I expect that research on constructing high-quality aﬀective systems will
contribute greatly to fundamental new understanding about emotion and its interaction with cognition, perception, health, social interaction, and intelligence.
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