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Abstract

We can expect that future intelligent systems will be more ke social
actors rather than mere tools. What people want are interfas that un-
derstand us, that are natural and powerful, that adapt to oumeeds, that
help us focus our attention and memory, and that are pleasaisind enter-
taining.

Some foreseeable application scenarios are: dynamic atigement, pre-
ventive medicine, social action, dynamic advertisement dredutainment.

As a step in that direction, this study focused on persuasiofeatures
for Computer Human Communication, in particular for the geeration of
multimodal persuasive messages. In modeling persuasionavl adopted
a porting of strategies used in human sciences. The modelitakes into
account the cognitive state of the participants regardingtteir beliefs, de-
sires and intentions, as well as their social relations, threemotions and
the context of interaction. | have developed a prototype, deed Promoter,
based on these ideas and tested it with real human users in antolled
setting. Finally | have addressed some ethical issues redisig autonomous
persuasive systems.

Keywords
Intelligent user interfaces, computer human communicatg persuasion,
persuasive systems.
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Chapter 1

Introduction

People tend to treat computers as social actors, even if treesre usually
designed as mere tools. This forces computers to play a sbomde without
having the social skills to be successful (see [87]).

Persuasion is likely to become a hot topic for intelligent terfaces [97].
As opposed to traditional scenarios of Intelligent User Itrfaces (hereafter
[UI), future intelligent systems may have contextual goald¢o pursue that
aims at inducing the user, or in general, the audience, to derm a speci c
action in the real world.

These systems will have to take into account the social enemment,
exploit the situational context, and enhance emotional agzts in commu-
nication. Scenarios that can be envisaged include: dynanadvertisement,
preventive medicine, social action and edutainment. In athese scenarios
what really matters is not just the content, but the overall mpact of the
communication.

The aim of the present research is to provide systems with tleapabil-
ity of reasoning about the e ectiveness of the message, aslivas about
the high-level goals and content. | have developed a protagig, called
Promoter, focused on persuasion mechanisms and their structuring test
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CHAPTER 1. INTRODUCTION

these ideas.

The emphasis on modeling persuasion mechanisms and, theref on
performing exible, context dependent persuasive actiongoes beyond the
current focus of \Captology" [37], the term introduced by Fgg with refer-
ence to persuasive technologies. Captology provides haied persuasive
features while, in contrast, this thesis presents an approla that focuses
on reasoning capabilities that will enable computer intedces to engage in
persuasive communication with their users.

Persuasion mechanisms are taken from the human sciences use in
generating multimodal messages. To this end, | rst introdae a de nition
of persuasion as a form of action-inducement. Then | sum updhmain
ideas of a systematization of persuasive strategies. Thigsgematization
Is the core ofPromoter and is obtained by means of: (1) a taxonomy of
persuasive strategies and (2) a meta-reasoning module thabrks on this
taxonomy.

The Promoter system, using the meta-reasoning module, generates an
abstract description of the message which is composed ofesgl persuasive
strategies. This abstract description is then added with stable Rhetorical
Relations (hereafter RRs) for textual generation. Finallyit is tagged with
emotion displaying speci cation for multimodal realizaton. To realize the
persuasive messages, the prototype was tested with two dient realizers:

1. an Embodied Conversational Agent (hereafter ECA)
2. Kinetic Typography (hereafter KT)

As a testbed we are concerned with the educational scenaribamu-
seum Vvisit.



CHAPTER 1. INTRODUCTION 1.1. THE CONTEXT

In the end, | present evaluation issues - along with the desption of a
pilot experiment with human user - and ethical issues relatketo the work
done.

1.1 The Context

The present study can be positioned in the eld of Computer Honan Com-
munication (hereafter CHC). In particular, following the tradition of Nat-
ural Language Generation (hereafter NLG) and successiveveépments
(speci cally multimodal generation), we can place this stdy in the eld
of intelligent multimodal information presentation. This means that the
aim of the present research is to give innovative contributh to generat-
ing multimodal messages by means of reasoning capabilit@s persuasive
features.

1.2 The Problem

People want interfaces that understand us, that are naturaand powerful,
that adapt to our needs, that help us focus our attention and mmory, and
that are pleasant and entertaining.

To this end, many elements have to be taken into consideratio the use
of natural language (both in recognition and in generationin combination
with other input/output modalities, the appreciation of emotional aspects,
and the recognition of the social context.

The study of persuasion can help on all the above elements. &main
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1.3. THE SOLUTION CHAPTER 1. INTRODUCTION

challenges and requirements for modeling persuasion are:

Various human sciences approaches to persuasion must begrated.

Models of emotion manipulation and beliefs and goal inducn are
necessary.

Argumentation strategies must be coupled with emotional as.

Uncertainty issues must be handled. In order to model the coapt of
message e ectiveness, it is necessary to introduce moddiattrepre-
sent the measurement of the strength of persuasive strategj and of
other related concepts.

Di erent multimodal methods must be investigated and imprwed.

Speci ¢ evaluation methodologies must be de ned to guaraae that
these systems are not only theoretically sound but also e #ee with
real users.

Finally, ethical issues must be addressed. The more theseeirface
agents become persuasive and autonomous, the more this es$e-
comes compelling.

1.3 The Solution

The proposed approach begins with a formal analysis of peesion, de-
ned as a form of action inducement, obtained through the mactation
of persuadee's beliefs. If the goal of the persuasive syst&mo induce an
action on the part of the user, then the system goal must alscelthat of
inducing a belief.



CHAPTER 1. INTRODUCTION 1.3. THE SOLUTION

After a systematization of persuasive strategies comingoim human
sciences, | introduce an architecture of a system for the gioction of mul-
timodal persuasive messages in monological settings.

The main modules of the architecture are:

1. Meta reasoner composed by a taxonomy of persuasive strategies and
a module that works on this taxonomy for producing an abstraaep-
resentation of the message.

2. RR selector. a module that tags the produced message with suitable
RRs for textual realization, by considering the typologiesf persuasive
strategies that compose the message.

3. APML generator a module that traduces the tagged message in a
proper representation language for driving the multimodaitealizer.

In the rst module, strategies are modeled as rules that haveome
applicability conditions (based on the context of interadbn: cognitive and
emotional states, social relations) and a content (an abstct representation
of the message, plus the de nition of the emotion to be expresd along with
the message). This content has to be conveyed by the interlag@according
to the available modes.

Meta-strategies are used for content selection, orderingéamodi cation
to create complex strategies-trees (abstract representans of the structure
of a persuasive message composed of several strategies).

The taxonomy and the meta-reasoning module are generic (dam and
language independent).

The second module, by means of selection theorems, accouwisthe
interaction between persuasion and rhetorical relationgkction. The the-
orems use predicates related to the taxonomy and allow stag, given a
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1.3. THE SOLUTION CHAPTER 1. INTRODUCTION

couple of adjacent message sub-trees in a strategies-trgbich RR can pos-
sibly connect them. Recursively applying the theorems, the@hole message-
tree is tagged with suitable RRs.

Finally, the third module converts the message into a represtation lan-
guage (that signals emotion displaying and RRs) for the natealization.
The representation language is chosen accordingly to theatzer that has
to render the nal message.

The process of message generation proceeds as follow:

1. Given a persuasive goal, the system generates varioussuasive strate-
gies that can be usable for ful lling that goal, depending othe context
and the user model.

2. Meta and Abstract-reasoning select the proposed strateg, modify
them (e.g. for emotion displaying) and nally combine them 6 gen-
erate various strategies-trees.

3. Among all the exploitable strategies-trees, the one witthe maximum
persuasive force is chosen.

4. This strategies-tree is tagged, by means of appropriatelsction-theorem,
with suitable rhetorical relations for the nal textual realization.

5. Before being passed to the available modes, the messageoisverted
into an APML format (xml based markup language) for multimodl
speci cations (like emotion displaying).

The examples in this thesis are set in a museum scenario, wi&ro-
moter plays the role of an intelligent agent on a PDA (Portable Digal
Assistant) that advises the visitor at key points during thevisit. There
are two types of visitor we consider in the examples: a singlsitor or a

6



CHAPTER 1. INTRODUCTION 1.4. INNOVATIVE ASPECTS

pupil in a group accompanied by the teacher. By means of an EChe

system proactively gives suggestions and advice on the actito perform,

such as which painting to go and look at, what section of the nsgum to

visit now etc. | also include more invasive recommendationsuch as mes-
sages aimed at making an absent-minded pupil pay attentiorifhe ECA

expresses appropriate emotions to accompany its utterarsce

1.4 Innovative Aspects

The emphasis on modeling persuasion mechanisms goes beybadurrent
focus of \Captology", the term introduced by Fogg [37] with eference to
persuasive technologies. Most current approaches to peasive technolo-
gies provide hardwired persuasive features.

On the contrary, the focus of the present work is on reasonirggpabili-
ties for IUL.

Other approaches, even if with reasoning capabilities, fog only on
rational aspects of the structure of the message. But rati@ahreasoning is
not enough. For intention adoption what often really mattes is not only
the content but the overall impact of the communication.

These approaches are usually strongly theory driven (thas; they im-
port a single theory/framework from human sciences and im@inent it),
or limited to speci c aspects of \rational" argumentation.

The aim of the present research, instead, is:

1. to provide systems with the capability of reasoning on the ectiveness
of the message, as well as on the high-level goals.

7



1.5. STRUCTURE OF THE THESIS CHAPTER 1. INTRODUCTION

2. to use persuasion mechanisms taken fromarious background elds,
that is: not limited to a single theory/approach.

3. to merge persuasive strategies into a coherent framewdkbe used
for multimodal message generation.

4. to create a model/system that is context and language ingendent.

5. to create a model/system that will be scalable and portabl

1.5 Structure of the Thesis

Section 2 presents an overview of the approaches to persoasicoming
from di erent human science elds. Then the approaches to geuasion in
computer science are introduced.

Section 3 presents a list of the challenges for developingrarhework for
simulating persuasion in CHC and for building e ective and gable tools.

Section 4 gives a description of the proposed approach for daeting
persuasion along with the speci ¢ challenges.

Section 5 describes th&romoter prototype for the production of per-
suasive multimodal messages in monological settings.

Section 6 presents the description of a pilot experiment. dtaim was
to test if Promoter's emotional behavior has any value for real human
users. The plan is to use this preliminary study as a jump-stafor further
assessment and development of the approach.

Finally, in section 7, after a brief overview of computatioal works ad-
dressing ethics in persuasion, principles for an ethicalBware persuasive
agents are introduced.



Chapter 2

State of the Art

2.1 Human Sciences Approaches

2.1.1 Models of Persuasion

Historically, lots of de nitions of persuasion have been gen. Most of
them have a common core addressingethodologies aiming at changing,
by means of communication, the mental state of the receivein these
de nitions much attention is paid to the cognitive aspects bthe persua-
sive process, that is, to the importance that the receiver atbutes to the
source, to the contents communicated, and how they are prased. El-
ements that play a role in these models are: persuader, peasiee and
the message. But, these de nitions, despite the common corare quite
di erent one from another. They can be roughly divided in ve groups,
according to which elements, involved in the process of passion, they
focus on.

The rst group of de nitions focuses mainly on the message (oits
structure). De nitions from 2 to 4 broadly refer to the belids of persuader
and persuadee, and how they are related. Some of these deimits focus
more on persuader's side, on the cognitive processes thakdaplace in his

9
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mind for generating e ective arguments, others de nitionsfocus more on
the persuadee's side (that is: why these messages are ee&tiwhich are
the cognitive processes they lever on). The fth category st studies the

relations among persuader and persuadee but focusing on timals sets of
the two participants.

1. De nitions focusing on theargumentativeaspects of persuasion. They
rely on the study of the validity of the arguments and how an agument
can be \logically" structured to be e ective. See for exam@ Toulmin
[101].

2. De nitions focusing on the why of persuasion. They explain why
persuasion can work, making reference to the \heuristics'htough
which the receiver may be persuaded. See for example [20, 21]

3. De nitions focusing on the how of persuasion. They account for the
way in which persuasion occurs. They study which are the cogue
devices and the inferential routes that operate in receivermind. For
example, according to Petty and Cacioppo [76], persuasiomogesses
should be based on the hypothesis that \when a person is madied
and able to process a message carefully, generated cogngiare likely
to re ect evaluative inferences or cognitive elaborationgbout the
guality of the message content. However when individualsdia suf-
cient motivation or ability to process elaboratively, peripheral-route
processing is likely to occur ...". Here, central and perigral routes
represent the rational vs. a ective - contextual factors tlat lead the
receiver to the conclusion proposed by the source.

4. De nitions focusing on thegoal of persuasion: (behaviour, attitude or
action inducement).

Behaviour inducement: changing, in a stable and persistentan-

10



CHAPTER 2. STATE OF THE ART 2.1. HUMAN SCIENCES APPROACHES

ner, the way an agent acts (for example in response to certagwvents
or state of a airs in the world).

Attitude inducement: changing, in a stable and persistent mnner,
the way an agent evaluate events, state of a airs, objects.

Action inducement: changing a particular planned action ofin
agent.

5. All the above models study the relationship between the befs of the
receiver and those of the persuader, but little attention iggiven to
the relationship between their goals. According to Poggi 77 78], in
order to understand the process of persuasion it is necesstr study
also the receiver's goals and their relationship to the parader's goals.
In her work, Poggi proposes an analysis of persuasion in tesrof a
model based on the notions of goal and belief and shows howidad
emotional and contextual factors can be simultaneously ioWwed in
the process of persuasion.

2.1.2 Dimensions Characterizing Persuasion

There are several dimensions of persuasion that can be usedstructuring
broad areas of study.

1. Audience speci c vs. universal

(a) The rstde nition of persuasion given by Perelman and Obrechts-
Tyteca [74] claims that what characterizes persuasion issibeing
audience speci ¢, namely its capacity of adapting the topito the
speci c listeners.

(b) Instead Cialdini [21] takes the opposite position: alllie strategies
he analizes are meant to be universal (since they use cogveti
patterns of the receiver which are common to everybody).

11
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HUMAN SCIENCES APPROACHES CHAPTER 2. STATE OF THE ART

. Monological vs. dialogical

(a) Perelman's analysis of persuasion, since concernediwihetorics
(how to create e ective discourses), is more involved with ono-
logical interaction.

(b) Cialdini's analysis of persuasion, since concerned mai with sell-
Ing scenarios, is more involved with dialogical interactio (e.g.
foot in the door strategy, door in the facestrategy, etc.).

Domain speci c vs. universal

(a) Some strategies are typically domain speci c (likdake discount
strategy to sell more).

(b) Other strategies are universal, that is, applicable in\eery situa-
tion (like resort to fear strategy with impressionable persons).

Just language vs. multimodality

This distinction is relevant especially with the coming of he new
media, and for IUl is a crucial eld of research.

Despite the large number of persuasion studies, little attdéion has been

devoted to research organization and synthesis in this areA notable ex-
ception being O'Keefe (see for example [71, 70, 69]). His wdocuses on
the e ects of persuasive messages, involving both methodglcal and sub-
stantive work, the latter especially in the form of meta-anlgtic research.
In his work very little attention is given to modelization.

2.1.3 Related Concepts

Argumentation = intuitively, when talking about the relation between ar-
gumentation and persuasion, a dichotomy between these tworxcepts is

12
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put forward. The former is seen as a process that involves Yranal el-
ements", while the second uses a-rational elements like einas. In my
view, instead, argumentation is a resource for persuasioedause:

1. Planning of persuasive messages involves a \rational"tadty, even
when emotion inducement is employed as a means to increase ffer-
suasion strength of a message. On the other side, the way pg&sion is
performed (items selected, their order of presentation, & \surface"
formulation) also depends on the emotional state of the parader.

2. Argumentation is concerned with the goal of making the recver be-
lieve a certain proposition (in uence his mental state) andapart from
coercion, the only way to make someone doing something (peasion)
Is to change his beliefs [17].

Persuasion, since it includes a-rational elements as wedl,a \superset"
of argumentation, but this does not rule out that there is a rée for emotion
within argumentation [64]: through arousal of emotions (s#Rhetorics) or
through appeal to expected emotions. In classical argumextion, though,
these problems are not addressed since emotional argumeiata is often
considered as some sort of \deceptive" argumentation [43].

A better distinction between argumentation and persuasiooan be drawn
considering their di erent foci of attention: while the former is focused on
the correctnessof the message (its being @alid argument) the latter is
more concerned with itse ectiveness The point is that an argument can
be valid but not e ective, or, on the contrary, can be e ective but not valid.

Natural Argumentation = Natural argumentation comes closer to per-
suasion, as it is also concerned, for example, with the preloh of the ad-
equacy - e ectiveness - of the message [36]. Even in profesal settings,
such as juridical argumentation, extra -rational elementsan play a major

13
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role [58]. Recent works have studied applications of naturargumentation

[104, 24]; argumentation-based text generation has beeroposed by Zuk-
erman [109], relying on a Bayesian approach. Negotiation $ialso been
widely investigated and modeled in a computational framewk; see for
instance [57, 73].

Coercion = using force to \persuade" someone to do something he is not
willing to do. Obviously coercion falls out of the de nition of persuasion.

Rhetorics = the study of how language can be used e ectively. This
area of studies concerns the linguistic means of persuasi@ne of the
main means, but not the only one).

Social In uence = a ecting or changing how someone behaves or thinks
(by changing his mental state). Social In uence is a supersef persuasion
since the de nition of persuasion restricts the eld of its overage by making
reference to both the concepts of \aim" and \communication"(see the
de nition at the beginning of section 2.1). The term \aim" indicates that
persuasion is an intentional process: there is persuasiamyowhen there is
the intention to produce a change in the mental state of the oeiver. The
term \communication" rules out those e ects of (social) in uence that, for
example, are caused by mere exposition to repeated stimuli.

2.2 Computational Approaches

At the root of the theme of intelligent information presentdion we can
consider several scienti c areas, but at least one is fundamtal: NLG,
the branch of natural language processing that deals with éhautomatic
production of texts [89]. The eld normally is described asnvestigating

14
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communicative goals, the dynamic choice of what to say, thdgmning of
the overall rhetorical structure of the text (called sometne strategic plan-
ning), the actual realization of sentences on the basis of grammand
lexicon (sometimes calledactical planning), and so on.

Persuasive features can have an impact on both strategic analctic
levels since the e ectiveness of a message can be enhancedgpropriate
content selection and text planning as well as with properrguistic choices
(lexicalization).

Multimodal generation addresses similar problems as NLG,ubgoes
\a step further" since the message is communicated across dhen one
mode, and also here persuasive features can have a deep impac

Here | will mention some relevant systems, or models, and | Wiry to
classify them on the basis of the de nitions of persuasion pded out in
section 2.1:

1. Systems focusing on the communicative goal of persuasion

STOP is one of the best known systems for behaviour inducentémat

exploited persuasion [90]. STOP is (mainly) an NLG system m@ing
at inducing users to stop smoking. It produces a tailored srkimg-
cessation letter, based on user's response in a questiomaailThe NLG
process follows the classical three stage pipeline as ddssa in [89].
The tailoring process is done by dividing smokers into categes and
then applying category-speci c schema to generate the lett. The
limit is that this approach is strongly domain specic and al the
reasoning is based on expert-oriented knowledge acqusitifor the
clinical smoking domain [91]. This renders the system unp@able.

Another persuasive NLG system is the one presented by Reetl al
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[84, 83, 85] that uses two modules, Argument Structure (AS)na
Eloquence Generation (EG), connected to the LOLITA system9p]
for natural language realization. In this approach the sysim starts
with a generic goal of making the user believing a certain pposition.
The AS module produces a logical form of the argument, employg
various logical and fallacy operators. Then the EG level maods this
structure by using heuristics to render the message more paasive.
The limit is that the system generates an \argumentative" tet and
then modies it to make it (more) persuasive. But persuasions a
phenomenon that drives text planning, not simply a \modi er' of the
process.

DIPLOMAT [56] is a negotiating automated agent built for playing
the Diplomacy game with human users. The ability to negotiate re-
guires di erent persuasive skills. In particular this agehis able to
perform persuasive actions like threatening, promisingj\gng expla-
nations and in general it is designed to convince other plage The
architecture of DIPLOMAT is developed on a multi-agents pldorm.
Tested with human players, DIPLOMAT outperformed them, andthis
Is a notable result given the complexity and uncertainty oflie selected
scenario. Despite the success of the system, it is not so usébr the
purpose of the present research because: (1) it was devebbfer a
task - negotiation - which is related, but not coincident, tgoersuasion;
(2) the architecture is domain dependent; (3) it uses a negation lan-
guage that is an English-like logical language, no real NLG@cess is
done. Players must previously learn this language to intecawith the
system.

2. Systems focusing on argumentative aspects of persuasion
Existing computational models of persuasion (e.g. [43, 1,0410]) are
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built on the seminal work developed by linguists, philosomrs and
cognitive psychologists: Toulmin [101] rst of all, but al® Perelman
and Olbrechts-Tyteca [74] to mention only a few.

Systems such as NAC (I consider here the extended versionatédsed
by Zukerman et al. in [109]), use argumentation strategies in the
generation of persuasive messages. Zukermeinal. are concerned
with the abstract form of the unfolding of the argument (e.g. re-
ductio ad absurdum inference to the best explanatignreasoning by
case9. This system is based on Bayesian Networks (BNs): argument
are represented as networks of nodes (representing propiosis) and
links (representing inferences). BNs have been chosen iderto rep-
resent normatively correct reasoning under uncertainty. nl general,
though, logical reasoning is just one resource to support geasion,
and the structure of persuasive messages is not necessdniyted to
one inference schema (if present at all).

Other systems, such as ARGUER [93, 92] are concerned morehndti-
alogical aspects of argumentation. The focus is on methods®sed on
argumentation schemata, to detectttack or support relations among
user's and system moves - utterances - during a dialog. Theppach
Is quite simpli ed and the dialog is seen as a simple proceskatter-
nate attack and support utterances between the system and the user
(called sometimeging pong e ect).

ARAUCARIA [86], an xml based tool for analyzing and diagramrnmg
arguments, focuses on argumentation presumptive schemsshemes
that are defeasible in their nature). The attention is posedn schemes
re ned with critical questions [104] to detect or prevent pssible user's
counter-moves. The model underlying ARAUCARIA is more re red
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than the ARGUER one but it can be used only for analysis purpes.

The study of these theories/systems enlightened the limitsf applying
a purely logical reasoning to real domains and the need, oneoside,
of considering uncertainty [108] and on the other side of ir@ducing
argumentation schemes more re ned than logical modus pore[il03].

3. Systems focusing on the \how" of persuasion

There are many computational models of emotions dynamics $&d on
cognitive theories like the one proposed by Ortongnd al. [72]. Still
it is not clear how much of these computational models have ée
implemented and how much they are persuasion driven: theodus is
on believability, for a natural communication with th user (see [26]) or
for simulation purposes, rather than on emotions use for amective
communication.

Elliott [33] presents a multi-agent platform for simulating simple emo-
tional \reactions" among groups of agents, depending on psynality

traits. Though, this system does not address persuasion €atly, since
it focuses on emotions dynamics in complex social environmgrather

then emotions induction for persuasive interactions.

Caro glio and de Rosis [15] focus on emotions as a core elemfem
a ective message generation. The implemented model is motem-
plex and more \persuasion oriented" then Elliott's one. Thg use a
dynamic belief network for modeling activations of emotical states
during dialogical interactions. This model of emotional aovation is
inserted in an argumentation framework. The limit of their gproach
Is the use of only one persuasive strategy per time - systemvae and
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the fact that they stick to an argumentative view of dialogs:they do
not consider the problem of the interaction among di erent sategies,
central in building complex persuasive messages.

de Rosis and Grasso [29] instead, focus arective language gener-
ation. Even if multimodality aspects are missing, the technologal
aspects for a \richer" NLG production are addressed, leavnaside
emotion simulation needs. Their model uses plan operatorgor text
structuring - enriched with applicability conditions depading on user
emotional traits, combined with rule based heuristics foravising the
sentence planning phase.

In general we can say that one of the most recent subjects oferest
in this trend of research concerns widening the persuasiorodes from
considering 'rational’ or ‘cognitive' arguments to appeahg to values
and emotional states [95, 43, 46, 77].

4. Systems focusing on multimodal aspects of persuasion

There is a pletora of research on multimodal aspects of 1Ul. d4t of
them focus on ECAs, and address the multimodal aspects of paa-
sion more on the perceptual interface side. Limited attendn has been
given so far to reasoning. For a survey on existing ECAs and eirical

research on their impact see [81, 28]. For further details dhese and
other multimodal ralizers see section 4.8.3.

Here | just briey revise the main outcomes of these researel on
ECAs. They usually come up with (1) a3D model of the animated
agent and (2) arepresentation languagdor directing the 3D model
(usually XML based).
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3D models can be roughly divided in two groups:

(a) Just face. Ex.: Greta, Xface

(b) Face plus body. Ex.. EMOTE, PPP Persona

There is a wealth of di erent representation languages thahave dif-
ferent features, partially overlapping, partially di ering. Among these
features there are: emotions expression speci cation, decs speci -

cation, RR speci cation, personality speci cation, perfemative type

speci cation (request, inform, ask), etc. Some of the taskhat these
language can accomplish are:

(a) speaking ECA (i.e. face). Ex.. APML, RRL, SMIL-Agent
(b) moving ECA (i.e. face plus body). Ex.. XSTEP, MURML
(c) interacting ECA. Ex.: PML, ABL

5. Commercial tools Finally, it should also be noted that there are com-
mercial tools claiming to have persuasive aims, but they havonly
hardwired persuasive features. These are the main focus @faptol-
ogy" and they are not relevant for the present research.
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Chapter 3

The Problem

The aim of the present work is to develop a framework which wibe the
basis for building e ective and usable tools for simulatingpersuasion in
IUL. In the following there is a list of many challenges that ee to be taken
into consideration, but only some of them will be faced in thpresent work.

1. There is a rich repertoire of persuasive strategies corgifrom social
psychology, see for example [21, 63] that can be be used fochsa
framework. This collection is not structured: social, emabnal and
cognitive aspects interact with each other. There is the ndefor a
porting and structuring of such concepts. TheMedia Equation sup-
ports this view [87].

2. Integrated models of emotion manipulation and beliefs dngoal in-
duction are necessary. The approach can use BDI&E (Beliefe8ires
Intentions Emotions) agents and models of how intentions ancom-
mitments are produced (and induced) in such agents. These dwls
will be used not only to describe the characteristics of paradee and
how these characteristics are a ected by a persuasive megsa(i.e.
how the information about the user attitudes is used to seledhe
\best" argumentation move the system can make, in a given sia-
tion). They also will be used to describe the process of peesion
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itself (i.e. the planning of a persuasive message). Obvibyghese
models will have di erent degree of complexity depending atie kind
of interaction modeled (static user models for monologicaiteraction
may su ce, dynamic user models are instead necessary for thgical
situations).

. To simulate natural argumentation and (emotional) persasion it is
necessary to de ne new methods for representing knowledde; rea-
soning on it and for generating natural language and multinaal mes-
sages (both in monological and dialogical situations). Isinecessary to
represent in a single formalism/framework persuasive stegies com-
ing from di erent human science researches. Starting fronié contin-
uum which characterizes the various (emotional and non-ertonal)
persuasion modes, a framework which tries to unify the vaus items
of this continuum (see for example [46]) must be given. Invi&gating
the various (emotional and non-emotional) persuasion andgumen-
tation strategies (like those in Walton and Toulmin [80, 10]) and
proposing a method to formalize them, by representing the xaus
sources of uncertainty and incomplete knowledge they maydiude,
Is just the rst step. Related aspects, fundamental for diadg inter-
actions, like critical questions, counter-arguments andoson, must be
taken into consideration.

. To handle the problem of uncertainty, to model the concepdf e ec-
tiveness of a message and to foster the process of choosirg lilest
strategy to be used at every interaction, it is necessary taumish
models of measurement of the strength of persuasive strateg and
of other related concepts such as: argumentation strengtBY], pro-
bative weight [103], dialectical relevance [102] and impajd 10, 107].
Various methods have been proposed for representing uneenty in
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this domain: for instance BIAS [110, 107] and [14]. Both theited
examples may be employed in a sort of hypothetical reasonirtg plan
a combination of data that can produce a desired emotional pact on
the claim. This emotional impact of the message may be evated by
integrating cognitive emotion activation models with persasion and
argumentation models [15].

5. Multimodality: The realization of a persuasion messagequires the
expression in a communication language. In most approacheatural
language is the main modality, but it can be combined with mus,
KT, ECAs, and so on. For instance a talking head may express ¢h
mood of the message originator, a music theme may emphasizg\en
emotional aspect, or simply, a relevant image can be combahe&vith
the produced text. Multimodality poses lots of challengesfor ex-
ample, the question whether an ECA should be credible or restic
(it can be argued that, with children, cartoon style ECAs aremore
credible - and persuasively e ective - than realistic one).

6. Persuasive systems need to be evaluated. That is, it is n& cient
that they are theoretically sound: they also have to be provee ective
with real users. Evaluation is not straightforward at all: t is necessary
to point out carefully all the variables that can a ect the e ectiveness
of the system, and how they can correlate (context of use, s@io of
the interaction, typology of the user, required task, persasive strate-
gies at hand, and so on). Specic evaluation methodologieave to
be de ned.

7. \Indirect aspects" like attention and memorization can act the ef-
fectiveness of persuasive messages. E.g. if the attentidnttte user
is low, or there are key concepts persuader wants to streskeh per-
suadee's attention has to be focused or enhanced by usingivas
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means. Among them we consider of high importance the use afny
or a ectively \colored" terms. Similar considerations canbe made
about memorization.

. Finally, ethical issues must be addressed. As arti cialgents are be-
coming more complex and common in our everyday life, the neéat

an ethical design of such agents is becoming more compelliegpe-
cially if, as in the present case, the focus is on persuasiess. A set of
principled guidelines for design and implementation of ettal persua-
sive agents is necessary. Future challenges will addresdarganning

models of ethical reasoning.
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Chapter 4

The proposed approach

4.1 Necessary Elements for a Model of Persuasion

In modeling persuasion | adopt the Beliefs, Desires, Intaons (BDI) model
[22, 23] as a reference framework. BDI is generally used torfalize ratio-
nal interaction and linguistic acts; still it will be used hee not to formalize
the proposed theory but as an analysis tool. While very usdffrom an
analytical point of view, it presents many problems on the iplementation
side [34, 57]. InPromoter [48] implementation | choose the CLOS-actions
framework [100], an extension of CLOS that allows exible e manage-
ment and meta-object de nition.

The main predicates | use to model beliefs and goals are thdldaing
(throughout the thesis variablesx and y, when used together, will repre-
sent, respectively, the persuader and the persuadee):

BEL (x p)

agentx believes thatp
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GOAL (x p)
agentx wants p
The model presented in this thesis focuses on the four follmg aspects:

1. The cognitive state of the participants (beliefs and goalof both the
persuader and the persuadee)

2. Their social relations (social power, shared goals, étc.

3. Their emotional state (both the emotional state of the pesuadee and
the one expressed by the persuader)

4. The context in which the interaction takes place.

In the following some key aspects of the four dimensions ardeby re-
viewed.

Cognitive state of the participants: Beliefs and goals of both the
persuadee and the persuader about the domain of the interam are es-
sential. They are pre-requisites for a persuasive interagh to take place,
since persuasion is a type of communication leading to béliadoption,
with the overall goal of inducing an action by the persuadeeylmodifying
his pre-existent goals. Below | add some important concepts

Strength of a belief beliefs are held with di erent degrees of certainty in
an agent's belief set, depending on various factors, likernsistency degree
with other beliefs, source of the belief and so on.

Value of a Goal goals constitute a hierarchy, de ned by their impor-
tance. This aspect is central if there are contrasting goalavolved in the
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persuasive e orts. GivenGoal(y ¢), to express the value of such a goal |
use the notation:

V(y o

Consequence of an actianevery action leads to a change in the state of
the world. Every state of the world can be more or less comphte with
the goals of an agent. Actions are chosen so that the value dfet global
utility function is maximized. In order to express the relaion between an
action a and its consequence | use the notation:

al c

In order to persuade x must use those consequences athat are among
the interests, or the goals, ol and have the greatest value for him.

Value of an actiont every action permits to ful Il some goals and pos-
sibly endangers others. The value of an action is directly pportional to
the value of the goals it permits to ful ll and is inversely poportional to
the value of the goals it endangers. To express the value of action a, for
agenty | use the notation:

V(y a)

Social relations of the participants: social relations exist between the
persuader and the persuadee (e.g. the system, playing théerof a compe-
tent museum guide, and the visitor) and between the persuadand other
relevant agents (e.g. experts, parents, friends and so or§ocial elements
can be used both to induce factual beliefs (as in the case opexts) and to
induce beliefs aimed at producing actions (e.g. making thesitor aware of
an undesired social consequence, as in the case of the absanded pupil:
\What would your teacher think if she knew you were not payingatten-
tion?"). Some signi cant concepts for social relations ftdw [1, 61, 16]:
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Power on if x has the possibility to perform an action that jeopardizes
or helps achieve a goal of another agent, thenhas some power on that
agent. In particular the possibility of jeopardizing is dened aspower-
on-jeopardize and the possibility of helping aspower-on-help The more
important the goal, the stronger the value of thepower-onis. This concept
furnishes the basis for threatening and promising.

Tutorial goal: the goal of an agentx to in uence an agenty to (have
the intention to) perform actions that are in the interest ofy without y's
explicit awareness of that.

Role model the depository ofy's behavioral standards and values. E.g.:
the teacher is a signi cant other for the pupil.

Caregiver. de ned as the agent that has a tutorial goal on persuadee.
E.g. parents for children.

Attachment gure: de ned as the agent that has an a ective value for
y. E.g. a beloved person.

Since humans can play more than one social role at a time, tleedistinc-
tions are fundamental. For example, a mother is a care givend generally
can be considered an attachment gure as well. There are sétions (e.g.
with problematic children) that do not comply with this default. Let us
suppose that the pupil is not paying attention during the musum visit.
The sentence \Do you want to make your mother su er?" can be &l only
in the default case. If that is not possible, a role model, ortloer gures,
can be used instead: \What would your teacher think of you iflee knew
that ...?"

Emotional state of the participants: Emotions can a ect decision
making in di erent ways. The proposed framework is similara the one
proposed by Gmytrasiewicz and Lisetti [41]. Yet, while Gmytsiewicz and
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Lisetti focus on how the emotions of an agent can change hisrotehavior,
| focus on how emotional elements can increase or diminishetk ectiveness
of a persuasive message. From a general perspective theeearleast four
emotional dimensions that a ect the e ectiveness of a mesga:

1. The current emotional state of the persuadee (how it a eststrategy
selection in persuader)

2. The emotional state expressed by the persuader (which etiom he has
to display in order to maximize the persuasive force of the ragage)

3. The emotional state possibly produced on persuadee by thersuader
communication (the induced emotional state could be non desble
and in general it must be taken into consideration for subsegnt
interactions)

4. The current emotional state of persuader (how it a ects sategy se-
lection)

It is still a matter of debate whether the latter should actudly be taken
into consideration in persuasive interfaces. The two mairtandpoints are:
(a) A perfect persuasive agent should be emotion neutral; haest has to
display the most e ective emaotion for the current persuase goal. (b) For
persuader, to feel emotions is a good way to handle unpredidtsituations
and a resource for coming with responses to persuadee's nsovewill stick
to issue \a" in the following.

Context of the interaction: persuasion strategies can make use oheo
textual elements to induce an action. For example making refence to
a painting the visitor has seen previously (\this painting § by the same
author of ...") can increase the probability the visitor wil be interested
in the painting in front of him.
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4.2 Proposed Model of Persuasion

The de nition of persuasion given in this work starts from the general de-
nition of methodologies aiming at changing, by means of communicatio
the mental state of the receiver

In particular | stick to the de nition of Perelman and Olbrechts-Tyteca
[74], for whom persuasion is a skill that human beings use -@ommunica-
tion - in order to make their partners perform certain actios or collaborate
In various activities. A similar de nition can be found in [66].

Embracing the de nition of persuasion conceived as actiorof behav-
lor) inducement we can consider it as an attempt to in uencelte practical
reasoning of the receiver. Practical reasoning is reasogithat includes
weighing of con icting and competing options, that leads tahe adoption
(the forming of an intention) of a policy, where policies cabe simple ac-
tions or complex plans [9].

In the present approach, | \narrow" Perelman's de nition by consider-
ing action inducement only (while the \large" de nition inv olves behavior
inducement). From an implementation point of view, the narow de nition
allows to verify the validity of the proposed theory \here ad now". This
Is much simpler than checking the behavior of the user (after persuasive
interaction), which requires long and articulated tests. Tis choice is in-
uenced by the lesson learnt by the authors of STOP (see seati 2.2). As
pointed out in [90], the authors had a hard time in evaluatingt in a real
context because of the problem of assessing a real changeehdvior and
because of the particularly awkward nature of smoking addion.

Two di erent formalizations of persuasion, or better of \gal of per-
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suading", are given (see formulae below). The two formulaeheny is an
autonomous agent, are equivalent.

PERSUADE (xy ay)! INTEND i(x DOES(y ay))  (4.1)
PERSUADE (xyay)! INTEND i(xINTEND i(y ay)) (4.2

To capture the \narrow" de nition of persuasion, these fornulae have
been based on the concept of Cohen & Levesque of present dedanten-
tion (INTEND 1) [22]. The notion of present direct intention is based on
the notion of persistent goal (commitment).

Persistent goal if an agent has a persistent goad, then it will eventually
come to believe either thatp is true or that p will never be true.

Present Direct Intention: the agent is committed to arrive at a state in
which he believes he is about to do the intended action next.

4.3 The Relation Between Persuasion and Dissuasion

Given the above de nitions, the non-trivial relation between persuasion
and dissuasion can be now analyzed. Although \not performgnan action”
Is a form of acting (considering dissuasion as persuasionrtot perform a
given action) the situation is not symmetrical. There are thee cases to be
considered: the intention of performinga (formula 4.3), the intention of
not performing a (formula 4.4), and the lack of intention (formula 4.5).

INTEND 4(y a) (4.3)
INTEND (y: a) (4.4)
- INTEND 4(y a) (4.5)

Given these three cases it is important to note that while fonula 4.6 is
true, this is not the case for 4.7:
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INTEND 1(y:a)!: INTEND y(y a) (4.6)
:INTEND 3(ya)! INTEND 41(y: a) 4.7)

Following the above formulae we can derive two di erent notins of
persuasion and dissuasion:

1. the weak notion captures the idea that persuadee was not already
planning to perform the required action (formula 4.5) befar the per-
suasive interaction;

2. the strong notion captures not only the idea thaty was not already
planning to performa, but also that he has somdarriers against the
action (formula 4.4).

The term \barriers" indicates those attitudes - of the persadee - that
are against the action that the persuader wants him to perfon. In this ap-
proach barriers are modeled as intentions (contrary interdns) the receiver
already has and that are endangered by the required actiom particular,
for any given actiona, the contrary intention is modeled as the intention
of performing: a (see formula 4.4).

The two notions of persuasion are:

1. Weak notion: from the lack of intention to intention

from : INTEND 1(y @) to INTEND (y a) (4.8)

2. Strong notion: from contrary intention to intention

from INTEND 1(y: @) toINTEND (y a) (4.9

The two notions of dissuasion are:
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1. Weak notion: from the intention to lack of intention

from INTEND i(ya)to: INTEND 1(y a) (4.10)

2. Strong notion: from intention to contrary intention

from INTEND 1(ya)to INTEND 4(y: a) (4.11)

It can be argued that the intuitive notions of persuasion andlissua-
sion refers to the strong cases. Later on we will see that somersuasive
strategies are suitable only for the weak notion (see sectibé.2, Supporting
Belief Strategies).

4.4 Persuasion & Decision

Persuasion operates on the persuadee's decisional proegs this section
| brie y describe some key aspects of decisional processhkattpersuasion
uses to a ect decision. For introductory purposes, a simplavo-layered
representation for plans (actions) and goals (see Figurel¥.will su ce.
Plans are chosen by agent in order to maximize his goal utility function.
In this model plans are actions and goals are states of the Wehr Actions
and goals can be represented as points in a graph
Three basic relations between actions are allowed

1. Support & a, = the ful liment of action a; helps the ful liment of
action a,

(SUPPORT a ay) (4.12)

For example, in the museum scenario, given the fact that theisitor
wants to see paintingp;, and that painting p, (of interest to him) is

1A model for plans and goals, similar to the one presented in tfs section, can be found, for example,
in TROPOS [19].
2Here we do not address the problem of objective versus subjixee beliefs.
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Figure 4.1: The plans and goals graph

In a room on the way top,, the visitor can take advantage of this
situation to seeps,.

2. Conflict a1 ap = the ful llment of a; endangers the ful iIment of a,
(CONFLICT a; a) (4.13)

This relation is typical in a resource conict. E.g. if the vsitor has
only twenty minutes left he cannot go both to see painting; and ps,
which are on the opposite sides of the museum. The extremerfor
of con ict is the one of incompatibility where one action exiudes the
other. A trivial form of incompatibility is the one betweena; and : a;.

3. Indifference a ; a, = the ful liment of action a; has no consequences
on the ful llment of a,. This is the default relation between two
actions.

Given a graph of goals and plans, there are four rules that a comput-
ing the basic relation holding between two actions not dirély connected
(see table 4.1).

In order to persuadey to perform an actiona, X can use arguments
concerninga and also concerning actions related ta. The two general
rules that drive persuasion are:
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R1. Given that a, supportsa;, every action supportinga, also supportsa,
(SUPPORT @ a;) ® (SUPPORT g a)! (SUPPORT & a;)

R2. Given that a, supportsa;, every action con icting with a, also con icts with a;
(SUPPORT @ a;) » (CONFLICT azay)! (CONFLICT asza)

R3. Given that a, con ict with a;, every action supportinga, con icts with a;
(CONFLICT aa;)) " (SUPPORT gaa,)! (CONFLICT aza)

R4. Given that a, con icts with a;, every action con icting with a, supports a;
(CONFLICT a; a;)» (CONFLICT azay)! (SUPPORT & a;)

Table 4.1: Rules for computing the relation holding betweetwo actions

1. Every action a, that has a support relation with the focused action
a, can be used to motivate the persuadee to perform it: persuasi
strategies ona, can be used to persuade oay°.

(PERSUADE xy a;)” (SUPPORT a a)
| (PERSUADE xVy aj) (4.14)

2. Every action a, that has a con ict relation with the focused action
a; can be used to dissuade the persuadee to perform it: disswasi
strategies ona, can be used to persuade oay.

(PERSUADE xy a;)» (CONFLICT a; a)
| (DISSUADE xy a ) (4.15)

4.5 A Bird's Eye View of the Design of an Intelligent
Persuasive System

In the design of the architecture of intelligent persuasivseystems for mono-
logical interactions there are three levels of processing be considered

3The support relation is a necessary, but not su cient, condition for using a, to persuade toa;: there
are other conditions that must hold for supporting actions to be used to motivate. Among the possible
ones: persuader has no goal contrary tg performing a,.
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(Figure 4.2).

1. At the rst level the planning of the persuasive message spi cations
is performed. This level selects, on the basis of the cogm#i social
and emotional states of the participants, the possible sttagies to
pursue for persuading. It results in a perlocutionary act pssibly
accompanied by an illocutionary act speci cation (see Aust [4]). In
addition it can specify the emotional state the interface aant has to
display, and provide other information to pass on to the nextevel,
like the rhetorical structure of the message. A representan language
like APML [5, 27] can be used to de ne the various elements negsary
for multimodal generation.

2. At the second level, realization strategies are de ned wolving the
available modes. Speci c modules, the \realizers", take 1o account
information passed on by the rst level. Selection is perfoned along
the indication of the rst level, but it is independent from this one.
For example, a severe mood can be conveyed by a harsh intopati
Or it can be conveyed by a text whose words are selected taking
into account their emotional values (for example, selectin\kick the
bucket" instead of \die"). Or it can be conveyed through pereptual
elements, such as font selection.

3. At the third level coordination of the di erent available media is per-
formed so that di erent components are integrated and synebnized.

This architecture is intrinsically multimodal. Each compament performs
the realization of a portion of the message in its own way, ihaing char-
acterizing it emotionally. Coordination takes place at thesecond and third
level of the system. At the second level content is allocated the di erent
modes and coordinated according to rhetoric rules. For exghe, the harsh
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intonation of the synthetic speech can be accompanied by ariseis facial
expression of an embodied agent. At the third level, a di erd kind of
coordination takes place, involving mainly temporal consaints, for exam-
ple synchronization between certain facial muscular movemts and pitch
levels in synthesized speech.

The overall architecture ofPromoter, depicted in gure 4.3, implements
the persuasive planner of gure 4.2. It is composed of threeadules:

1. Meta reasoner
2. RR selector

3. APML generator

In gure 4.4, it is given the description of the meta reasonemodule. In
the next sections, an overview of th&romoter modules can be found.

4.6 Promoter Modules: Meta Reasoner

In [48] it has been proposed a model (taxonomy plus meta-r@ssng mod-
ule?), to provide a categorization of a rich repertoire of persigive strategies
coming from social psychology, philosophy, and so on (see éaample [21]
[63] [74]). In this model, that account for the interaction anong strate-
gies, the focus is on the four aspects indicated in sectiori4the cognitive
state of the participants, their social relations, their emtional state and

the context in which the interaction takes place.

Other systems, such as those proposed in [109] or [15] (seetise 2.2

for further details), use argumentation strategies in the gneration of per-
suasive messages, but the focus is di erent: they are coneed with the

“for the sake of simplicity | call \meta-reasoning” the combination of the tasks of abstract and meta-
reasoning. When discussing the speci c rules | will call then with the proper names
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Figure 4.2: A possible overall architecture

abstract form of the unfolding of the argument. This categozation, in-
stead, is strictly dependent on the content of the strateggewith relation
to the above aspects. Logical reasoning to support persuasiis just one
resource (that here | shall not discuss further) to induce sweone to act.

Taxonomy : the aim of the proposed taxonomy (see Figure 4.5 and sec-
tion 5.2 for further description) is to provide a classi caton framework that
accommodates a good number of strategies as a basis for cotaponal
treatment. Three main classes have been individuatedction inducement
belief inducementand object features

1. Action inducement strategies: strategies concerned witk's e ort to
inducey to perform actiona. Under this category there are two other
sub-categories: the one involving \goal balance" and the eninvolv-
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Figure 4.3: The overall structure of promoter prototype

ing \supporting belief" [17]. In particular, in goal balancestrategies
X can persuadey to perform action a using strategies orpositive con-
sequences Instead, using strategies omegative consequences can
dissuadey to perform a. Consequences are de ned as \positive" or
\negative" with reference toy's goals. Supporting beliefgroup: strate-
gies concerned with information regarding the possibilityo perform
the required action (e.g.can-dg know-how etc.).

2. Belief inducement strategies: strategies that are concerned witk's
e ort to enhance the probability of y accepting the content conveyed.
Examples are:appeal to expert opinionappeal to popular opinionand
appeal to empirical evidencg104].
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Figure 4.4: The structure of the meta-reasoning module

3. Object featuresstrategies [13]: strategies that are concerned with the
features of the object involved in the action. Using featusethat
X believes are attractive fromy's point of view, x can increase the
probability that y performs the required action: as fogoal balance
positive features are used to persuade, negative ones tosdigde.

Meta-reasoning : some strategies have a typical meta-reasoning form:
meta-strategies carry out di erent tasks on applicable peuasive strategies
in the generation of a persuasive message. These tasks ao#tent order-
ing, selection and modi cation. Two examples of strategie®r content
ordering are:

1. Support meta-strategy: \If there is a strategy S; the system can use
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Figure 4.5: The taxonomy of persuasive strategies

and its persuasive force is too low and there is a strate@ on belief
iInducement which content isS;, then the system can usé&, to increase
the persuasive force 08;"

2. Resort to fear meta-strategy: \If there are positive consequences of
a the system can show and there are negative ones of a con id@in
action as well and the user is impressionable, then the systean put
the negative consequences of the con icting action rst torghance the
persuasive force of the message"

Content ordering meta-strategies can interact with each éer in order to
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create a complex strategies-tree (an abstract descriptiamf the persuasive
message composed of several strategies).

4.7 Promoter Modules: Rhetorical Relations Selec-
tor

4.7.1 Introduction

Persuasion mechanisms are used for RR selection in persuasext struc-
ture generation (see [47] for further details).

The strategies-tree, by means of selection theorems, can toensformed
into a RR-tree for the nal textual rendering of the persuasie message.
The theorems use predicates related to the taxonomy and alcstating,
given a couple of adjacent message sub-trees, which RR cas$loly con-
nect them. Recursively applying the theorems, the whole sttegies-tree is
tagged with suitable RRs.

4.7.2 Strategies and RR

In text planning, a widely used reference theory is the one gposed by
Mann and Thompson. This theory, called Rhetorical Structue Theory
(RST) [59], puts forward the idea that the structure of many exts is a tree
built recursively starting from atomic constituents (e.g.clauses) connected
through particular relations. These relations, called rherical relations
(RRs), accounts for the structure and content ordering of ta text. In al-
most every relation a text span plays a major role: this is ofin referred to
as \Nucleus" (as opposed to \Satellite" that plays an ancikhry role). The
relations that connect spans with di erent importance are alled hypotac-
tic, instead those relations connecting spans with the same igpance are
called paratactic. In this work we use the formalization of RST given by
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Marcu [60].

The relation between persuasive strategies and RR can taki&ape at two
levels. At the macro level the RRs connect di erent strategis, while, at
the micro level, the RRs articulate the content of a single sategy. | will
focus on the macro-level and in particular on the issue of gemating a dis-
course tree (RR-tree) out of the strategies-tree.

In this approach a persuasive strategy can be seen as an atoonstituent
(elementary unit) and, by means of selection theorems, theRRconnect-
ing adjacent elementary units is identi ed, along with the micleus of the
resulting span.

These theorems are also used for extended-RRs: the ExtendEdeory
of RR derivation, by means of the concept of \promotion" of a agment,
claims that what holds between elementary units holds alscebwveen larger
and more complex spans. According to RST formalization prased by
Marcu, the promotion of a segment is always an elementary una per-
suasive strategy in our framework). In this way selection #orems can be
recursively applied, ending up with a RR-tree. Therefore,aording to ex-
tended RRs framework (and following the assumption of bingrbranching
of the RR-Tree), in deciding which RR can hold between two spa of any
complexity in a strategies-tree, selection theorems codst:

1. the type of the promotions of the two spans (with reference® the
taxonomy)

2. the content of the promotions of the two spans

For the sake of simplicity selection theorems can choose poine RR for
every pair (i.e. only the most appropriate RR is chosen). Tkiapproach is
similar to the one proposed by Reed and Long [82] and share®ithcon-
cerns about loosing the argumentative structure when using@ST. That is
why the generation of the strategy-tree is not RST-based. RSis used
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only for natural language generation purposes.

4.8 Promoter Modules: APML Generator for Mul-
timodal Realization

4.8.1 Introduction

The RR-tree as a nal step is converted into an APML format fordriving
multimodal realization. Further details will be given in the next chapter.
Here | will give an overview of the theory used for emotion diaying and
a description of the realizers used bfPromoter.

4.8.2 The Fitting Principle

In an agent's planning of a message, the content of a messagd the emo-
tion displayed along with that message are chosen considignl start my
analysis from the \ tting of content and emotion assumptior' [49]. This
principle states that the persuasive communications inctling emotional
expressions are more persuasive to the extent that the emmti that ac-
companies that communication, is in t with the content of the message. In
contrast, communications lacking emotional expression aommunications
that are accompanied by un tting emotions are perceived aess reliable
and less persuasive.

In some cases, it is also necessary to consider the contexintéraction:
e.g. the same sentence can be e ectively uttered with di erg, even con-
trasting, moods, depending on the general attitude the parader wants to
show toward the persuadee. For example an attitude of reprcarequires
displaying an angry emotion when talking about possible nagve conse-
guences of not performing the required action, while a sorfpr/worried
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mood is necessary when the conveyed attitude is of empathy.

4.8.3 ECAs, KT and Other Realizations

Di erent \realizers" can be used and combined for emotion diplaying/induction.
For example:

Embodied Conversational Agents
Kinetic Typography
Music

Use of images

ECAs are the mostly used realizers in multimodal IUI. ECAs & syn-
thetic characters (usually human-like) endowed with a physal appearance
able to display dynamic expressive behavior (for a survey dhis topic see
[81]). Planning of autonomous behavior led by internal bedfs, desires and
intentions is an open topic of research. Flexibly persuagvECAs have a
large potential though. The use of synthetic characters alvs for a richer
communication with the user:

1. They are more natural (e.g. gaze can be used for displayitite fo-
cus of attention and for turn taking, gestures can be used faleictic
references and for contributing to communicating contenfs On the
importance of eye gaze in ECAs to improve the quality of commit
cation see for example the study of Garaat al. [40].

2. They are more involving (they may include display of emadn and
expression of personality). On behavior and emotion displeng there
Is a plethora of studies, see for example [2, 79]. Taking inemcount
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also the natural predisposition of humans to treat anthropmorphic
agents as human peers, the possibility of ECA's to persuadkem -
by leveraging social responses - is crucial and critical (fexample,
making resort to their realism for believability).

Nevertheless the relation between realism and believabjlion one side
and e ectiveness on the other is not totally obvious. In cedin situations
it is reasonable to use cartoon-like (non-realistic) chacters. They can be
e ective because: (a) they do not ingenerate over-attribubn (see section
7.2) that could lead to frustration, (b) they are more suitalbe for particular
kinds of audience, for example children. When talking aboutalism and
e ectiveness we are not just referring to a question of appesnce but also
of behavior; cartoon-like characters often display exaggeed emotion, ob-
taining the desired e ect. In any case, we should point out tht ECAs are
not the only resource in persuasive interfaces.

Other resources for emotion emphatisation and induction ar the use
of music [94] or of KT [39] and so on.

Similar to the study of traditional typography of designingstatic typo-
graphic forms, KT refers to the art and the technique of expision with
animated text. Text animation allows adding further dimensions of ex
pressivity to the text and provides it with the ability to dis play emotions
and to capture and direct attention. KT has demonstrated abity to add
signi cant appeal to texts, allowing some of the qualities armally found in
Im and in the spoken word to be added to static texts. Kinetictype has
been widely and successfully used in Im (e.g. opening crés)i as well as
in television and computer-based advertising (e.g. TV comencials, web
banners). There are several key areas in which KT has been peularly
successful [38, 52]. These include:
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Expression of a ective content
Creation of characters

Capture or direct attention

If used in an appropriate way, KT can enhance the emotional ipact of
the content conveyed by persuasive messages (e.g. hoppirayds can be
used to emphasize a happy message).
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Chapter 5

The Promoter prototype

5.1 Strategies

A rich repertoire of persuasive strategies coming from satipsychology,
philosophy, rhetorics exists, (see for example [21, 63, )/#jat can be ac-
commodated within this framework. Unfortunately, this colection is only
partially structured: social, emotional and cognitive asects interact with
each other. In this chapter, | propose both a criteria for agggation,
grounded in the cognitive model presented in the previous apter, and
a deeper analysis of the taxonomy. Each strategy is structed in three
parts:

pre-conditions
content

post-conditions

Pre-conditions represent the applicability conditions of the strategy.
These conditions refer to the context in a broad sense (inclung the four
dimensions of persuasion introduced earlier: cognitivease, social rela-
tions, emotional state and the context of interaction).
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Content is an abstract representation of the \message" that the sttagy
conveys and that has to be realized in the modes available thd system.

Post-conditions represent how the context is changed after the persua-
sive communication.

| focus on strategies content for class organization in thadrarchy. The
content of a strategy has two elds:claim and mood

1) Claim: Claim is used for determining the class of the strategy. For
example:

S; content= claim : (a;! cl) (5.1)

It represents the claim of ashow positive consequencgrategy. This
strategy claims thata; is an action andcl is a positive consequence af
(in y's perspective).

The following instead represents amxpert opinion strategy, wherep is
a person - expert iny's perspective - and a topic:

S, content= clam :EXPERT OPINION (pt) (5.2)

2) Mood: The content of a strategy has also a eld that describes the
emotion to be associated to the claim (that is, the emotion t interface
has to express while uttering the claim), as in the following

S: content= mood: happy (5.3)

In table 5.1 are described the main predicates used in the foulae of
the present chapter.
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TYPE _OF(S,C) = returns T if the strategy S belongs to the clas< or to a sub-class|
of it; F otherwise.

CONTENT(S,P) =returns T if in the content of the strategy S is presentP.
PERSUASIVE-FORCE(S) = is a function that returns a numeric value.

GENERATE (S) = is a function that generates strategys.

DELETE (S) = is a function that deletes strategyS.

CONCATENATE( S;, S;) = is a function that returns a strategies-tree, made by comt
bining S; and S,

ORDER(S;, S;) =returns T if the strategy S; precede strategys, in the nal realiza-
tion of the message; F otherwise.

Table 5.1: Main predicates used

5.2 The Taxonomy

The taxonomy does not aim at having a complete coverage of #ike possi-
ble strategies but to provide a classi cation framework thhaccommodates
a good number of them (see Figure 4.5). All strategies are adh at mod-
ifying the strength of an agent's beliefs. In particular to grsuadey to
perform action a it is necessary to increase the strength of those beliefs
that will increase the value ofa - V(y a) -, and to lower the strength of
beliefs that will diminish its value. We introduce two grou in y's be-
liefs set: plan beliefsand object featuresbeliefs. The structuring of the
taxonomy re ects the structuring of these beliefs in the peuadee's mind.
Some strategies work on the whole set of beliefs, others aped c to
sub-groups:

Action inducement strategies (working onplan beliefg
Belief inducementstrategies (working on the whole set of beliefs)

Object featuresstrategies (working onobject featuresbeliefs)

1These names must not generate confusion: all the strategiesm at inducing beliefs in the mind of
persuadee.
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Action inducement strategies are concerned with the goal of to in-
crease the likelihood thaty performs the required action. This category
contains two sub-categories: one involvingoal balanceand one involving
supporting belief While the rst sub-category has been widely investigated
from di erent perspectives (agents, economics), but not &m a strict per-
suasive point of view, the second one has been only the objeftinitial
works.

Goal balancestrategies are concerned with actions and their conse-
guences. Recalling the decisional architecture of an aggsee gure 4.1),
the content of such strategies is a \causal" relation holdigp between an
action and one of its consequences, supposed to be relateg'sogoals.

CONTENT(S:; (a! 0) (5.4)

wherea is an action andc is a consequence .

If cis a goal ofy, the strategy is onpositive consequencesf c is the
negation of a goal o¥, the strategy is onnegative consequenced he strat-
egy may besocial physical or emotional depending on the consequence it
involves.

Consequences can also be divided orthogonallyarti cial and natural
ones. We use the terms \natural" and \arti cial" in a technical way. Ar-
ticial means that the consequence will not happen without the inteen-
tion (direct or indirect) of the persuader (this means that grsuader has
a power-on the receiver). A natural consequence is when the persuader
Is not setting a reward or punishment. Negative arti cial consequences
are calledthreatening positive arti cial consequencesare calledpromises
Negative natural consequenceare calledwarnings positive natural conse-
guencesare simply motivational advices. The third example of Table.2
shows that beingnatural or arti cial is strictly context dependent: the
same conseguence of the rst example matural when uttered by a friend
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of the persuadee.

Ex. Negative arti cial consequence \if you dont pay attention during the visit | will not
print the report for you"

Ex. Negative natural consequencaif you dont pay attention during the visit your teacher
will think you are lazy"

Ex. Negative natural consequencaif you dont pay attention during the visit the system
will not print the report for you"

Table 5.2: Examples of textual rendering of goal balance stegies

It is important to note that | am not concerned with the inferential
chain supporting the claim that c follows from a. | am only interested
in analyzing how, given some conditions (in the world and inhie user
model), the knowledge thatc follows from a can be used. Ex. ofocial
consequencesgiven as a condition the existence of a role model - e.g. a
teacher - we can have aappeal to social image \What would your teacher
think if she knew that you were not paying attention?".

Changes in the conditions can lead to use the same notion, .ethat ¢;
follows fromay, in di erent ways. Let us say that ¢, is a negative outcome
of a; on a social relation (such as the one that holds between a chdnd his
mother). The system can decide, depending on visitor traitdo highlight
di erent emotional consequences (table 5.3).

Ex. Resort to guilty feeling(negative emotional consequence in relation ts mother):
\Do you want to make your mother worried?"

Ex. Resort to guilty feelingnegative emotional consequence in relation tg): \How
would you feel after having made your mother worried?"

Table 5.3: Examples of textual rendering ofjoal balancestrategies

Supporting beliefsstrategies [17] express the relation between a plan and
the supporting beliefs necessary to the agent for its pursg; for example:
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resources availability, capabilities, know-how, triggéng conditions. The
contents of such strategies are supporting beliefs of thetan (an example
in table 5.4).

CONTENT(S;SUPPORTING BEL (a)) (5.5)

Examples of such beliefs are:

KNOW HOW/(y a) (5.6)

agenty knows how to perform the actions of plara

CAN DO(y a) (5.7)

agenty has the skills to perform the actions of plara

This group of strategies can only refer to the weak de nitiorof per-
suasion. If, after a dissuasive communicatioly, drops a supporting belief,
then he drops the corresponding intention, ending with a l&ocof intention.
If, after a persuasive communicationy accepts a supporting belief, then
he can generate the corresponding intention only if he has montrary
intention.

Ex. Can-do strategy: \You can access room 2, it has accessibility deeg for non-
walking persons"

Table 5.4: Examples of textual rendering of supporting belfs strategies

Belief inducement strategies [104] such aappeal to expert opinion
appeal to popular opinion and appeal to empirical evidenceare all con-
cerned with the possibility to increase/lower the credibity (strength) of a
particular conveyed belief. The content of such strategies a relation hold-
ing between a topic and a source that has a \positive/negate/ attitude
toward that topic.
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CONTENT(S;OPINION (s t)) (5.8)

Where s is the source (an expert, a common opinion, statistics and so
on) and t is the topic of the opinion. The topic can be the content of
another strategy in order to allow recursive support.

Ex. Appeal to expert opinion \Umberto Eco stated that this is one of the most
important painting of the Middle Ages"

Ex. Appeal to common opinion \This is a very interesting painting since it is one of
the most visited in the museum”

Table 5.5: Examples of textual rendering of belief inducemestrategies

Object features strategies [13] are concerned with the features of the
object involved in the action. The content of such strategeis the assertion
that object o has the featuref . Depending on the fact that the features
facilitate to ful Il a given goal or that they endanger it, th e features can be

regarded as positive or negative. Obviously a feature is pidge or negative
always with regard to a goal ofy.

CONTENT(S;:HAS FEATURE (0f)) (5.9)

Ex. Negative physical feature\This painting is very degraded"

Ex. Positive emotional feature \The Kiss is one of the most moving painting of
Francesco Hayez"

Table 5.6: Examples of textual rendering of object featurestrategies

It is important to note that these strategies can be used withall types
of actions involving an object, but they are particularly sutable when the
focus of the persuasive communication is on the object rath#han on the

action itself. This group (as the one ofgoal balancg can be divided in
social, emotional, and physical subgroups.
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5.2.1 An Example

Here below is given an example of how strategies can be foripahodeled;
it is a strategy on negative arti cial consequences

[RESISTANT (y)~: TIRED (y) ™ GOAL(y ax) »
POWER ON GEOPARDIZE (xyax)”
VALUE (y ax) > VALUE (y ay)] !
[GENERATE (S)* TY PE_.OF(S; threat) "
CONTENT(S; : ay!: ax)] (5.10)

In the museum scenario (see rst case of table 5.2), formulal® can
be interpreted like this: x is the interface agent on the PDA andy an
absent-minded pupil. ay is the action of paying attention andax the
action, performed by the system, of printing a report of the it at the
end of the museum tour. Given thatax is among the interests of the pupil
and that x haspower-onthat action, the interface agent can possibly use
promises and threats. Further assuming thay is unwilling to pay attention
(RESISTANT (y)), the system turns to arti cial consequencesstrategies
and, knowing that y is not tired it decides to use anegative arti cial
consequencethreat). The condition VALUE(y ax) > VALUE (y ay)
assure that the threat will be afelicitous threat.

5.3 The Meta-Reasoning Model

Some persuasive strategies involve application of absttand meta-reasoning
on others strategies. The approach described in this sectiaccounts for:

1. the generation of new strategiesr{ventio of classic rhetorics)
2. selection of existing onesirfventio of classic rhetorics)
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3. modi cation of existing ones glocutio of classic rhetorics)

4. combination and ordering of existing onegl{spositio of classic rhetorics)

in the production of complex persuasive messages.

Generating new strategies : Some persuasive strategies require the
application of abstract-reasoning on related actions. Thikind of abstract-
strategies involve references to supporting and con ictipactions. Given
that the persuasive goal ofx is to inducey to perform a;, the following
abstract-strategies can be used for generating new strateg that make
reference to actions con icting or supportinga;. These abstract-strategies
are based on Formulae 4.14 and 4.15.

1. If persuader wants to persuadg to perform a;, and action a, has
a support relation with a;, then generate every strategy that can be
used for persuading oray.

2. If persuader wants to persuadg to perform a;, and action a, has
a con ict relation with a;, then generate every strategy that can be
used for dissuading frona,.

For example, in our museum scenario, visitoy may want to see some
speci c paintings and at the same time he may want to avoid overowded
rooms. He can decide whether to cross room 2 (actiap) or to cross room
3 (action ag) to go and see paintingp;. Say in room 2 there is another
painting (p.) he is interested in, while room 3 is overcrowded. A map of the
rooms and painting is shown in gure 5.1, and the situation ixpressed
from formula 5.11 to 5.15.

Related to the action persuadee is required to perform.
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Figure 5.1: A museum example

Gl=(GOALY (LOOK ATy m)) (5.11)
G2 =(GOALY (LOOK ATy p)) (5.12)

G3 =81 ROOM (r)
(GOAL y (AV OID (OV ERCROWDED r))) (5.13)
a;! Gl™a! G27az!: G3 (5.14)
(SUPPORT a a,)* (CONFLICT a; as) (5.15)

Persuade toa; examples: Ex. Show positive consequences of supporting
actions: \If you cross room 2 you can see a beautiful paintifig

(SUPPORT a a) ” (82! G2) (5.16)

Ex. Show positive consequences of the action itself: \In rool there is
the painting of Giotto you were looking for"
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(! G1) (5.17)

Ex. Show negative consequences of conicting actions: \Roo3 is
overcrowded"

(CONFLICT a;a) " (ag!: G3) (5.18)

Persuade toaz examples: Suppose now thak, is being restored and has
been moved. By rule R3 (see table 4.1) we know that, by dissuad from
ap, which is supportinga;, we can persuade t@s. In the following example
we are negating a can-do belief af, (con icting action): \Painting p, is
being restored so it is useless to cross room 2"

(CONFLICT a;as)” (SUPPORT aa)” (22 NOT ! G2) (5.19)

Selection of strategies : let us turn back to the example ofnegative
arti cial consequences where the museum guide is threatening the pupil
not to print the report for him if the latter does not pay attention (see table
5.2). We can interpret the commonsense claim \if persuadee fired it is
better not to threaten him" as a condition of application of he threatening-
strategy in formula 5.10. But, exploiting the taxonomy of stategies we can
de ne it as a decision, at a more abstract level, relative tohte group of
strategies concerned with showing negative consequenckaroaction. The
structure of the strategy (we may call itdon't upset persuadegis:

MS1) if persuadee is \tired" and there are applicable stratges show-
Ing positive consequences and others showing negative ampugences then
persuader should avoid using strategies showing negativansequences:

851; Sy
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[(TIRED (y)» TYPE_OF(S;; show pos cong”
TYPE.OF(S;; show neg cong”
CONTENT (Sy; @) !
DELETE (s2)] (5.20)

This meta-rule allows not only to account for the decision leeen
promising something to the pupil positive arti cial consequencg and threat-
ening him (negative arti cial consequencgwhen he is tired. It accounts for
an entire class of interactions between the cognitive andeéremotional level.

Modi cation of strategies : Some persuasive strategies involve appli-
cation of abstract and meta-reasoning on others strategiés the modi ca-
tion of the features of these strategies. For example, theyeaused for the
conveying of a particular mood. The following conveys a \hagy" mood,
enhancing the motivation ofy (motivate abstract-strategy):

AS1) if persuadee is \tired" and there are applicable stratges showing
positive consequences deriving from performing the reged action then
persuader should use a \happy" mood:

8S; :
[(TIRED (y)» TYPE_OF(S;; show pos cong”
CONTENT (Sy; @) !
MOOD (S;; happy)] (5.21)

The \tting principle" implies that the two elds in the content of a
strategy (claim and mood) are interdependent. In particular, the emotion
(mood) to be displayed along with aclaim is chosen in order to t with the
claim of that content According to this we can de ne other modi cations
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abstract strategies. As in the following abstract-rule:

AS?2) If persuader has to show a negative feature of the objeavolved

in the action he wants persuadee to perform, then persuadearcdisplay a
\sorry-for" mood when showing that feature:

8S;:
[((TYPE.OF(S;; show neg feat)”
CONTENT (Sy; obj)) !
MOOD (S;; sorry for)] (5.22)

In some cases the context of interaction must be consideres aell: for
example an attitude of reproach requires displaying an \amg" emotion
when talking about possible negative consequences of notfpamning the
required action, while a \sorry-for/worried" mood is necesary when the

conveyed attitude is of empathy. These two notions can be melgd as
abstract rules of the following type:

AS3) If persuader decides to have an attitude of reproach {t@rd a \self-
con dent" persuadee) and there are applicable strategiefiewing negative
consequences deriving from not performing the required am then the
agent can display an \angry" mood when showing those conseces:

8S; :
[(SELF CONFIDENT (y)~
TYPE_OF(S;; show neg cong”
CONTENT(Sy; : @) !
MOOD (S;; angry)] (5.23)
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AS4) If persuader decides to have an attitude of empathy (taavd a
\shy" persuadee) and there are applicable strategies shawji negative con-
sequences deriving from not performing the required actigdhen persuader
can display a \sorry-for* mood when showing those consequess:

8S;:
[(SHY () TY PE.OF(S;; show neg cong”
CONTENT (Sy; : @) !
MOOD (S;; sorry for)] (5.24)

Obviously, there are rules that state when to adopt a repro&catti-
tude in front of persuadee. This attitude is then realized #&bcating the
proper emotions to thecontent of the various strategies composing a mes-
sage. Having a strategy hierarchy facilitates this task: gén an attitude,
emotions can be matched to classes of strategies and not temvsingle
strategy. For example, given (AS3), an \angry" mood matchethe claim
of strategies onnegative consequences

Accordingly to the tting principle, when | say that the mood eld de-
pends on theclaim (e.g. \worried" for negative consequencgsl do not
refer uniquely to the typology of theclaim, but also to its importance.
The importance of aclaim on negative consequencafepends on the value
of the consequence foy: the more important the consequence of that ac-
tion, the stronger the emotion to be displayed. It would be urting, for
emphatic attitudes, to have an ECA displaying a really wored face for
secondary consequences and only a slightly worried faceifoportant ones.

Composition of strategies : The approach described in this thesis
allows also composing existing strategies. For example tlsame topic
meta-strategy (MS2) andSupport meta-strategy (MS3).
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MS?2) if there are applicable strategies on the same topic ¢e.the same
action a) and they are of the same typology (e.g. opositive consequencgs
then persuader can gather these strategies together:

85.;S,:
[(TYPEOF(S;; show pos cong ™
TY PE.OF(S;;, show pos cong”?
CONTENT (S;; @ » CONTENT (Sy; a) !
CONCATENATE (Si; S))] (5.25)

MS3) If there is a strategyS; the system can use and its persuasive force
Is too low and there is a strategys, on belief inducement which content is
S1, then persuader can usé&, to increase the persuasive force &h:

851;S;:
[(TY PE.OF(S;; belief inducement) #
TY PE_OF(Sy; strategy) »

CONTENT (Sy; S, content)) !
CONCATENATE (S1; $)] (5.26)

In the example below persuader is using aappeal to expert opinionto
give support to a strategy onpositive features in order to persuadey to

look at a particular painting.

S; content= HAS FEATURE (p.f) (5.27)
where p; = \this painting" and f = \one of the most important of the
Middle Ages"
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S, content= EXPERT OPINION (pt) (5.28)

wherep = \Umberto Eco”" and t = S; content
The interaction generates a sentence like the following \Admberto Eco
says, this is one of the most important paintings of the Mid&l Ages"

Ordering of strategies : this group of meta-strategies is concerned
with the order in which the strategies have to be presented. et us con-
sider the two main content ordering meta-strategies used kthe system:
the show defecimeta-strategy (MS4), based on [21], and theesort to fear
meta-strategy (MS5), based on Kahneman and Tversky's Prospt Theory
[53] (see next section):

MS4) if persuadee is \expert" and there are applicable stragies on
positive and negative consequences of the required actidimen persuader
can catch persuadee's trust by putting the negative conseeuces rst:

85:;S,:
[((EXPERT (y)» TY PE_.OF(S;; show pos cong”?
TYPEOF(S;, show neg cong”
CONTENT(S;; a)» CONTENT(Sy; a)) !
(CONCATENATE (Si; S;) » ORDER(Sy; S1))]  (5.29)

MS5) if there are applicable strategies on positive consegpces of the
required action and there are strategies on negative conseqces of a con-
icting action as well, and persuadee is impressionable, &m persuader can
put the negative consequences of the con icting action rstto enhance the
persuasive force of the message:
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85.;S,:
[IMPRESSIONABLE (y)*
TY PE.OF(S;; show pos cong”?
TYPEOF(S,, show neg cong”
CONTENT(S;; a)» CONTENT (S &) A
CONFLICT (a; &) !
(CONCATENATE (S1; Sp) » ORDER(Sy; S1))] (5.30)

Composition and Content ordering meta-strategies can intact with
each other to create a complex strategies-tree.

5.4 Computing the Persuasive Force of a Strategy

In creating persuasive communication, persuader must hazeway to de-
cide which are the best strategies to use among all the expéble ones. It
Is therefore necessary to de ne the force of a strategy botbrf(a) single
strategies and (b) composition of strategies (strategideees).

Single Strategies : there are dierent ways to assess the force of a
single strategy, related to the class the strategy refers.to

The persuasive force obelief inducementstrategies is directly propor-
tional to the reliability of the source, and to the consisteny degree with
pre-existing beliefs (see Cognitive Dissonance [35]). &

S content= OPINION (st) (5.31)

Strength(S) = f (reliability (s); consistency degredt)) (5.32)
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The persuasive force ajoal balancestrategies is directly proportional to
the probability of obtaining the consequence given the acin (subject ex-
pected utility) and the value of the consequence with regari persuadee's
goals set.

S content=(a! ¢ (5.33)

Strength(S) = f (P(ga); V(¢)) (5.34)

Composition of strategies : whenever two strategies are composed
together there is also the need to assess the persuasivedartthe result-
ing strategies-tree. As an example, we will describe how torapute the
persuasive force of strategies-trees resulting from the@jation of the re-
sort to fear meta-strategy (MS3). This is consistent with Kahneman and
Tversky's prospect theory. In fact, following the authorswe assume that:

1. People evaluate outcomes starting from reference poirfesg. framing
e ect)

2. Di erent reference points can lead to di erent evaluatims of the same
outcome (strategy).

In my system, reference points for a given strategy are thergences
(strategies) that precede the strategy under inspection. d$ for example,
given a message (strategies-tree) composeddy+ S,, the reference point
for S, is S;. Let us assume that strategyS, is on positive consequences
of action a and that it has a persuasive forcen, while strategy S; is on
negative consequences of actiana and it has a persuasive forc&. We
rst estimate the persuasive force of the two strategies tan in isolation
(see formula 5.34, subject expected utility). In order to amunt for the
modi cations in the persuasive force of the message, | assernthat the
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persuasive force of the messa§e+ S, is more than the simple sum ok and
h. This is due to the fact that, according to the framing e ect, proposing
negative consequences before the positive ones enhancesetlaluation of
the positive outcomes. In this way we save both the subject p&cted
utility, used for messages composed of single strategi€&s @nd S,), and
the prospect theory used for complex messagées ¢ Sy). Therefore, in our
example:

Strength(S;) + Strength(S,) < Strength (S; + S)) (5.35)

In Promoter, | have implemented a simpli ed version of such ideas. In
particular for belief inducementstrategies, the strength of the overall mes-
sage is the sum ofeliability (s) and consistency degredt). For goal bal-
ance strategies the strength isv (c), consideringP(ga) = 1. For composi-
tion of strategies along the prospect theory, | stipulat&trength(S;+ S,) =
2 Strength(S;) + Strength(Sy,).

5.5 Rhetorical Relations Selection

Once the strategies-tree with the maximum p-force has beealscted, it is
tagged with appropriate RRs for the textual realization of he message.

A logic based on the one proposed by Marcu (see table 5.7 foetpred-
icates), extended with the predicates introduced earliersge table 5.1), is
exploited to model the theorems.

In the following SP; and SP, are used to denote any two arbitrary
adjacent text spans. So spam, = SP; and spam.1x = SP» (or vice-versa)
where kK h<k.

3Here | stick to the terms normally used in RST. In my model a \span”, or a \text span", correspond
to a strategies-tree
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T(l, h, relation _name) = denotes the name of the RR that holds between the

text spans that are immediate subordinates of spap in the text tree.

S(l, h, status) = denotes the status of spap, (NUCLEUS, SATELLITE, None).

P(l, h, unit_name) = denotes the set of units that are salient for spap

and that can be used to connect this text span with adjacent ¢ spans in the nal
RS-tree.

Table 5.7: Marcu's predicates

First, | introduce the assumptions of the outlined framewdt, necessary
for the selection theorems, then | introduce the general sicture of the
selection theorems along with some examples.

Assumptions:

1. a promotion is always a strategy, never a complex unit
2. by de nition, leaves - elementary units - are always stragies
3. by de nition, the promotion of a leaf is the strategy itset

4. for paratactic relations the promotion of a span is always the most
important (max. persuasive force) promotion of the two sulspans

5. for hypotactic relations the promotion of the new span is always the
promotion of the nucleus

The general structure of selection theorems is composed wifot parts:
applicability _conditions and result. The applicability _conditions part is
composed of a test on théype_of the promotion of the involved spans and
a test on the content of the promotion of such spans. An opti@h part,
referring to the persuasive force of such spans, is used, om® theorems,
as a test of felicity conditions. Theresult part is composed of the delin-
eation of the RR holding between the two spans and the delingan of the
nucleus of the resulting span.
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Three examples of selection theorems are shown here beldwe(promotion
can be derived by means of assumptions 4 and 5).

T-evidence

8SP;; SP;:
[(TYPEOF(P(SP,); belief inducement)”
TY PE.OF(P(SPy); Strategy) »
CONTENT (P(SP,); positive opinion(p; o) "
CONTENT (P(SP,);0)) !
(T(SPy; SPy; JUSTIFY) ™ S(SP,;; NUCLEUS))] (5.36)

\If the type of the promotion of span SP; is belief inducement and the
content of the promotion of SP; is an opinion regarding the content of the
promotion of SP, then the RR that links the two is a justi cation relation
and the nucleus of the new segment BP,."

T-contrast:

8SP;; SP;:
[(TYPEOF(P(SPy); show neg cong”
TYPEOF(P(SP,); show pos cong”
CONTENT (P(SPy); ap)”
CONTENT (P(SP,); a)” (CONFLICT a; ap)) !
(T(SPy; SP,; CONTRAST) " S(SP,; NUCLEUS))] (5.37)

\If the type of the promotion of span SP; is show negative consequence
and type of the promotion of spanSP, is show positive consequence and
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the content of the promotions are two con icting actions tha the RR that
links the two is a contrast relation and the nucleus of the newegment is
SP,."

T-conjunction:

8SP;; SP,:
[(TYPE.OF(P(SPy); show pos cong”
TYPEOF(P(SP,); show pos cong”
CONTENT (P(SPy); ay)
CONTENT (P(SPy); a)) !
T(SPy; SP,; CONJUNCTION )] (5.38)
\If the type of the promotion of span SP; and SP, is show positive

consequence and the content of the promotions are the samei@t then
the RR that links the two is a conjunction relation."

5.5.1 Content Ordering and RR

In the nal implementation of the Promoter prototype, operators (made
by combining composition and content order meta-strategsewith selection
theorems) were used.

This was done mainly for two reasons:

1. A concept similar to \promotion of a segment" is needed tollw re-
cursive application of composition and content ordering nta-strategies
(i.e. also on complex strategies-tree non only on simple ategies).

2. As stated in section 4.7.2, selection theorems de ne onbpne RR
for every pair of strategies. So there is a univocal relatiobetween
strategies-trees and RRs attached to them.
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The two processes (meta-reasoning - for composition and erthg - and
RR selection) have been presented separately because theytavo di erent
theoretical steps in the building of a message.

Here below the example of the operator, made combinimgsort to fear
meta-strategy (formula 5.30) andT-contrast selection theorem (formula
5.37), is given:

8SP;; SP;:
[(TYPEOF(P(SPy); show neg cong”
TYPEOF(P(SP,); show pos cong”
CONTENT (P(SPy); ag) »
CONTENT (P(SPy); a2) ® (CONFLICT aj a)) !
(T(SPy; SP,; CONTRAST)
S(SP;; NUCLEUS) " ORDER (SP,; SP1))] (5.39)

In this example, the promotions of the two segments (positévconse-
guences ofa and negative consequences ofa) are considered, in accord
with T-contrast theorem, but with the further condition of SP, preceding
SP; in the resulting tree, in accord with theresort to fear meta-strategy.

5.6 An Example

In the museum scenario, the visitor has a PDA combined with agsition-

ing system [98] and an adaptive guide (that includes a user mel) that

accompanies his visit. Promoter is an additional component that inter-
venes at speci c moments. The system starts o, at the beginng of the
visit, with an initial user pro le that initializes a dynami ¢ user model. The
latter is continuously updated, on the basis of the visitor bhaviour (based
on the time spent in front of an exhibit, the visitors movemets, his general
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attitude in the course of the visit, the topic selected on thd’DA and so
on). Techniques can be introduced for inferring his attentinal-emotional
state. Let us consider that the visitor is near to a painting he system
Is describing, but is not looking at. In this case the systemaa infer the
visitor is \bored" and can activate a goal such as: \make the ser pay
attention during the visit":

GOAL (X INTEND 1(y a)) (5.40)

wherex = interface; y = user; a = PAY-ATTENTION(y visit) . Given
(CONFLICT a : a), a Resort to Fear and a Support meta-strategies may
have generated the strategies-tree $; Sy); (Ss; S4)) (see gure 5.2).

Figure 5.2: The strategies-tree of the message

Where:
TYPE _OF(S,, appeal-expert-opinion): \As Umberto Eco says"
TYPE _OF(S,, show-neg-consequences(a)) \If you don't pay attention
during the visit, you will miss a good opportunity to apprecate some of
the best Medieval paintings"
TYPE _OF(S3, show-social-pos-consequences(a)) \If you pay attention
your mother will be happy"
TYPE _OF(S4, show-arti cial-pos-consequences(a)) \I will print a report
of your visit you can bring home for your mother"
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Appropriate theorems produce the tags for RRs connecting ¢hseg-
ments:

1. T-evidence: T(S1; S, EVIDENCE) (see formula 5.36)
2. T-conjunction: T( Sz; S4, CONJUCTION) (see formula 5.38)

3. T-contrast: T(( S1;Sy), (Ss;S4), CONTRAST) (see formula 5.37)

Figure 5.3: The RR-tree of the message

This produces a text span (see gure 5.3 for text structure)andered
as, for example: As Umberto Eco says, if you don't pay attention during
the visit you will miss a good opportunity to appreciate somef the best
Medieval paintings. Instead , if you pay attention, your mother will be
happy and | will print a report of your visit you can bring home for her".

The text span, as a nal modi cation, is converted to an APML le for
multimodal realization. To obtain emotionally coherent mesages, emotion
displaying is carried on according to the tting principle. In particular the
mood speci cations (in the content eld of the strategies) & inserted as
APML tags, in connection to the textual realization of theclaim of the
strategy. The nal APML les are shown in table 5.8. The rst r ealization
Is done according to abstract-rule AS3 (reproach attitudefhe second one
according to abstract-rule AS4 (empathy attitude).
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In table 5.9 are shown various examples of APML messages gaied
by the Promoter system.

It must be stressed that such speci cations are not neces#grbound
to realization through an ECA: the same text can be renderedith kinetic
typography, using particular movement e ect to convey the orresponding
emotion (e.g. hopping words for happiness, shaking wordsrting to red
for anger). In gure 5.4 two screenshots of ECA realizationra shown,
while in gure 5.5 a sequence of Kinetic Typography rendermis shown.

Figure 5.4: ECA's \sorry-for" and \happy" realization

Figure 5.5: Kinetic Typography \joy" rendering
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<EXPML >

<RR type=\evidence" > As </RR >

<aective type=\ anger"> Umberto Eco says,

if you don't pay attention during the visit you will miss
some of the best Medieval paintings.</a ective >
<RR type=\contrast" > Instead </RR >
<aective type=\joy" > if you pay attention,

your mother will be happy </a ective >

<RR type=\conjunction" > and </RR >

</a ective > | will print a report of your

visit you can bring home for her </a ective >
</EXPML >

message conveying eeproach attitude

<EXPML >

<RR type=\evidence" > As </RR >

<aective type=\ sorry-for "> Umberto Eco says,
if you don't pay attention during the visit you will miss
some of the best Medieval paintings.</a ective >
<RR type=\contrast" > Instead </RR >

<aective type=\joy" > if you pay attention,

your mother will be happy </a ective >

<RR type=\conjunction" > and </RR >

<aective type=\joy" > | will print a report of your
visit you can bring home for her </a ective >
</EXPML >

message conveying aempathy attitude

Table 5.8: two APML realizations of the same message convegidi erent attitudes
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<EXPML >

<aective type=\ fear"> Oh my god,

paying attention you can get a little tired </a ective >
<RR type=\contrast" > Instead </RR >

<a ective type=\joy" > if you do not pay attention
you will simply remain an ignorant </a ective >
</EXPML >

message based arony attitude

<EXPML >

<RR type=\concession"> although </RR >
<aective type=\sorry-for* > march painting is

very degraded< /a ective >

<aective type=\joy" > march painting is

the most important of the middle ages </a ective >

<RR type=\conjunction” > and </RR >

<aective type=\joy" > itis the only one

representing fox hunting </a ective >

</EXPML >

message based oshow defectmeta-rule onobject features
<EXPML >

< a ective type=\anger" > if you do not pay attention

I will not print you the report </a ective >
</EXPML >

message based aireatening attitude
<EXPML >

<RR type=\evidence" > As </RR >

< a ective type=\surprise" > the majority

of visitors says</a ective >

<aective type=\joy" > march painting is one of
the most important of the middle ages </a ective >
</EXPML >

message based oamppeal to common opinion

Table 5.9: others APML realizations of persuasive messaggnerated byPromoter
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Chapter 6

Experimental results

This chapter describes a joint work with Haifa University. 8lomo Hareli,
Shay Tzafrir and Gregory Gurevich are the researches thatl@@borated in
this activity.

6.1 Evaluation Issues

Evaluation of e ectiveness of persuasive systems is not atghtforward at

all, as the STOP experience showed [90]: it is necessary tanp@ut care-

fully all the variables that can a ect the e ectiveness of the system and
how they can correlate (context of use, scenario of the intsetion, typol-

ogy of the user, required task, persuasive strategies at lthrand so on).
Given the complexity of the task, speci c evaluation methodlogies have
to be used or de ned.

Our approach, along the suggestion derived from the media wajion
[87], is to apply research methodologies derived from the khan Human
Interaction (HHI) eld (e.g. studies of persuasion in sociapsychology).
Theory driven experiments can be used to measure \indirecspects"” like
attention, memorization, perceived information quality,etc. Variations in
these aspects can be indicators of the impact of the persuasimessage.
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The evaluation experiment we set up, based on classical werkimed at
studying the e ect of persuasive advertisements on human es, measured
these aspects:

1. Attitude change

2. Memorization

3. Source credibility
4. Information quality

5. Manipulation check: emotion recognition

6.2 Statement of Purpose

A preliminary study (pilot experiment) has been designed ahrun to eval-
uate the role of emotions in persuasive CHC. Given that we dewith
intelligent persuasive interfaces we also addressed thderof personalized
messages. In particular we focused on the emotion displagimodel - on
which the Promoter prototype is based - coupled with an ECA. fie used
ECA is Xface, developed at Irst.

There is a large debate among researchers on the use of anedagents
[68, 106], some arguing that they can hamper human-compuieteraction.
However, empirical researches on ECAs are still relativelare and have
often produced con icting results [28].

Given the not clear-cut situation on the use of ECA in CHC, theplan is
to use the preliminary study with Xface (pilot experiment) & a jump-start
for further development and assessment of this approach afaf further use
of Promoter employing other principles of persuasion (general experemt):

1. Pilot experiment: understand if, and how, emotion displaying can
enhance the persuasive force of a message in CHC
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2. General experiment understand how emotion displaying interacts
with di erent content order strategies

Pilot experiment : In this study participants are exposed to a per-
suasion message generated by tiRromoter Prototype. The goal of the
persuasion message is to persuade participants to visit thkecht Museum
at the University of Haifa. Promoter uses a simple content ordering meta-
strategy (same topic meta-strategy) in which a message is composed of
positive pieces of information describing attractive eleents of the mu-
seum (positive features of the object). In three conditionef the experi-
ment, di erent participant are exposed to the same message@mpanied
by a di erent emotional expression. The main assumption to & tested is
that the messages emitted in two separate communication amaels (e.qg.,
verbal and non-verbal) are perceived as more reliable whemeir valence is
in t (tting principle). In particular we wanted to test it w hen the agent
emitting the message is a computer-based ECA of thmesent generation

General experiment : the aim is to test the e ectiveness of themixing
of di erent strategies, imported from the human sciences gpoaches, used
in the Promoter prototype. In particular the focus is on the tting principl e
used in combination with di erent content order meta-strategies (namely:
support show defectand resort to fear meta-strategies). The point is that
we can expect, from works already done in the HHI and Human Cqmater
Interaction elds, that the strategies alone work. But there is no evidence
for their mixing, and this is one of the core aspects ¢fromoter.

In the pilot experiment, the Xface ECA rendered the messagesing the
channelsvoice toneand facial expressionfor emotion displaying. In social
psychology experiments, there are evidences for the ttingrinciple both
in voice [10] andface modality [54, 42]. In particular, we can expect that
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emotion displaying a ects primarily dimensions related tahe source - like
credibility - [54].

To measure the impact of the message, we used a questionndirat
measured the following indirect aspects (as an example ofeus the HHI
eld see [62, 65], for the context of CHC see [8]):

1.

Attitude toward the object measure how much subjects like the \prod-
uct” (i.e. the museum exposition).

Memorization: the recalling degree of particular words/concepts presen
In the message. The higher is the recalling the higher is thepact of
the message.

Source credibility. how the subjects rate the reliability of the source
that emitted the message. The higher is the rating the highes the
impact of the message .

. Information quality: the perceived quality/informativity of the mes-

sage to which the subjects were exposed. The higher is the qaved
quality the higher is the impact of the message.

. Manipulation check emotion recognition. The subjects must state

which emotions they perceived in the source. This is used tbeaxk if
the emotions displayed by the ECA where properly recognized

A study on congruent vs. incongruent emotional displayingni ECA,
similar to the one presented here, is [8]. The main di erenseare:

There was a comparison with real human sources and \just tekt
modality (we are not interested in the comparison but how thetting
principle performs inmultimodal CHC)

80



CHAPTER 6. EXPERIMENTAL RESULTS 6.3. PILOT EXPERIMENT

The voice tone remained the same across the conditions foetECA:
only the face channel was varied. The fact that the voice remains the
same could lead to discrepancy e ect.

They were not concerned with the personalization issue, theover
story was just about the evaluation of an advertisement cangign
about eating behaviors.

6.3 Pilot Experiment

6.3.1 Preparation of the Stimuli Material

Three videos were prepared of Xface uttering the same messagth dif-
ferent emotional display (happy, angry, neutral).

The text of the message was: \You should come and visit the rewed
exhibition on the archeology of the Land of Israel at the Het¢liMuseum. It
has pieces from the Chalcolithic, through the HellenistidCanaanite up to
the Byzantine Period. This is a good opportunity to enlarge qur knowl-
edge about Israel History, to learn nice anecdotes to tell yo friends and
it is really easy to reach, since it is inside your own univeitg!". The rst
sentence served to introduce the name of the exhibition and explain the
aim of the message. The second sentence was used to test merabon.
The last sentence was a list of positive pieces of informatiabout the
exhibition, i.e. a list of positive features of the object, mered by same
topic meta-strategy (MS2).

We lead them to believe to be in front of a \warm® message, by means

lwarm: make the participant believe that the message is diretly addressed to him. Cold: ask the
participants to evaluate a message that can be addressed t@seone else (e.g. \do you think this message
will be persuasive with a 10 years old guy?").
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of personality questionnaire. Actually there is evidencehat people think
it is easier to persuade others than to persuade them: this ¢alled third-
person e ect [25] (for a survey on this topic and related expenents see
[30]).

The clips were pre-recorded clips of the Xface ECA (a face ofyaung
t-looking, brown-haired woman). Since there are no Hebrewpeech syn-
thesizer we had to synchronize a \metalized" real human vacto the face
to give the impression of a synthetic voice. To strengthen éhimpression
of personalization we added a 15 seconds delay between thd eh the
lling of the questionnaire and the starting of the clip. During this time a
\waiting bar" was displayed to give the idea that the messag&as being
prepared.

The size of the face on the screen was kept constant during theer-
action and across interactions to avoid the \distance e ect(closer, e.g.
full screen, is more arousing). For experiments on the \diahce e ect" see
[88].

6.3.2 Procedure

Sixty participants were recruited from the student populaion at the Uni-
versity of Haifa. All participants were Hebrew speakers (th 80% of them
were also native speakers, the others were non native spaajet uent).
They were recruited in the university by asking them to parttipate in a
psychology-related experiment in exchange for money conmzation.

The design was a between-subject study with three conditisn in the
FIT condition the face displayed an happy emotion, the UNFITcondition
the face displayed anger and the NEUTRAL condition where théce did
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not show any visible emotion. Each participant was randomlgassigned to
one condition. Participants were tested individually.

Since we aimed at evaluating a personalized system, the cowtory
aimed at leading them to believe that they have to judge a peosalized
message that the program constructed, on the basis of theingawers to
a pre-test personality questionnaire (see appendix A), wth depends on
their need for cognition characteristics. Before the tramsission of the
message (i.e. the clip) a window appears indicating that thenessage the
system was going to prepare was tailored according to the chateristics
of the participant resulting from the responses to the preest personality
guestionnaire.

After the presentation of the message the subjects lled in post-test
guestionnaire (see appendix B). The questionnaire was didd in four
main parts, each investigating a speci ¢ area on which perasgion can have
an impact.

Measures The pre-test personality questionnaire was in an electroni
form to give the impression of personalization. This is a shtoversion of the
Need for Cognition Scale [11] based on the Elaboration Likebod Model
(ELM) proposed by Petty and Cacioppo [75].

The post-test questionnaire was in paper and pencil form (dmot dis-
played electronically by the same computer that presentedié ECA, as for
the personality questionnaire) to avoid that the responsesould be biased
by politeness rules (see [67]).

We used 11-point Likert scales. The questionnaire was divad in four main
parts, each investigating a speci ¢ topic, plus a manipulabn check.

Attitude toward the object(i.e. the exposition): how much do you like
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the museum? How good you think it is? Would you go it if you had
a chance? etc.

Memorization: to test, among others things, the degree of involve-
ment of the subject w.r.t. to the topic of message (i.e. the nseum
exhibition).

Source credibility. list of adjectives referring to the source, to be rated:
competent, credible, expert, and informative.

Information quality : list of questions, to be rated: How much did you
trust the information provided? How helpful was the inform&ion?
How insightful was the information?

Manipulation check Emotion recognition (according to Ekman theory
[32] we want to understand how much the subjects recognizetet
emotions)

6.3.3 Results

The age of the participants was between 21 and 51 years of ageeén age
28.4 years, sd = 5,37). Thirteen were female and 47 male. Thesults of
the pre-tests questionnaire did not show any relevant di ence for what
concern the dimensions of the need for cognition among thebgects in the
three conditions.

An analysis of the post-test questionnaire data using a oneaw ANOVA
was conducted. It revealed no statistically signi cant dierences between
conditions for what concerns the dimensions of the post-taguestionnaire.
Also ruling out the 20% of non-native speakers didn't give anstatistically
signi cant result. A multivariate tests shows a very low obsrved power
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(ranging from 0.4 to 0.07) thus signalling a too small numbeof subjects.

In the manipulation check signi cant di erences were foundbetween
the conditions for what concern the recognition of anger, yoand disgust.
Anova results where highly signi cant for the three groups:anger (F =
9,54; F-crit = 3,16; P < 0,01), joy (F = 10,60; F-crit = 3,16; P < 0,01)
and disgust (F = 9,66; F-crit = 3,16; P < 0,01).

A Bonferroni post-hoc analysis con rmed that the recognion of joy
Is higher in FIT than in UNFIT condition but the di erence bet ween the
scores for FIT and NETRUAL is no signi cative. Similarly, the recognition
of both anger and disgust is higher in the FIT condition with espect to
the other two while there is no di erence in the recognition cores between
FIT and NEUTRAL.

Figure 6.1: Mean of recall for the emotions in the 3 conditian

Although the observed power was quite high>0.95 for all the three
emotions in a multivariate test), we run a Kruskall-Wallis analysis (with
Mann-Whitney post-hoc tests) to control for possible unwaed conse-
guences of normality assumption violation. This analysison rms the
ANOVA results.
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We then tested the hypothesis that the perceived emotions tife source
(those which were recognized by the subjects according toaysis of vari-
ance, i.e. anger, disgust, and joy) in uence perceived saér characteristics
(competent, credible, expert, and informative) and that tkese in turn a ect
perceived information quality (trustful, helpful, insightful, reliable, valid),
memory (number of periods recalled, name of the exhibitiorecall) and
behavior/attitude consequences (the museum is interestinthe museum is
good, going to visit the museum). Linear regression was ustxicheck the
hypothesis even if the partial violations of the normality ad homogene-
ity of variance assumptions cannot allow strong conclusiensee table for
signi cant results 6.1).

6.3.4 Discussion

To summarize, an analysis of the post-test questionnaire @ausing a
one way ANOVA revealed no statistically signi cant di erences between
conditions on the independent variable apart for the manigation check.
The low power of the experiment suggests the number of subijeeas not
enough.

At this point we cannot say anything about the possibility ofmechani-
cally extend the tting principle to ECAs, neither about the possibility of
rejecting it.

Yet we cannot expect more than this from a pilot study. Thesendica-
tions will be useful for redesigning the experiment in viewfdhe general
study. In particular we can make some considerations:

There are three design decision, on emotion recognition par the post-
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test questionnaire, that will need revision in future expements:

1. eleven points scoring was too much since it does not alloasg com-
parison

2. the multiple options (the possibility of giving scores foevery emo-
tions) can be misleading for some subject

3. the missing neutral emotion was probably the reason why éhsubject
in the NEUTRAL did not di er from FIT

For the next questionnaire will use direct and dichotomic gestions: the
subjects will have the possibility to choose only one emoho

We will use also stronger manipulations (i.e. stronger emion display-
ing) to assure an higher, rate of recognition.

The pre-test questionnaire was used as a cover story and tontol the
randomization of the subjects, yet in the next experiment ware planning
to manipulate this dimension and designing a 3x2 study by adli the two
levels of need for cognition (low and high) as factors.

6.3.5 Limitations

Even if no signi cant/de nitive result was found for the tt ing principle
(given the low power of the experiment) we can put forward soenalter-
native hypotheses for the results we got (namely: whateves the emotion
displayed by the ECA it a ect positively the impact of the mesage if
compared to the neutral condition). The results are in line wh those ex-
posed in [8] and similar conclusions can be drawn. The resulive got can
have two explanations about the setting/experiment and twaxplanations
about the technology:

1. About the setting/experiment:
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(a) The questions were ambiguous.

(b) The message was not clear and the subjects simply gave som
values just above the mean of the Likert scale.

(c) The sample was too small to detect di erences in the 3 coritbns
(the impact of the tting principle is smaller than we expecied).

2. About the technology:

(a) it is only a matter of when (and not if ) these faces will be re-
alistic enough to display emotions so that communication igas
natural as when performed by a human being. In that case the
tting principle is supposed to work in the same way as we know
it works with humans. What we can say, is that withthe present
ECA technologydisplay of di erent emotions does not make any
di erence. And reasonably this is due to the fact that the sufects
did not attribute humanoid characteristics to the perceptal in-
terface. The underlying reasoning may still be perceivedubthe
emotional level, bound as it is to perception is not taken sewusly.

(b) Another possibility is that the result where a ected by the nov-
elty e ect: whatever is the emotion the ECA displayed the sub-
ject were surprised by the interface itself. They saw this kd of
technology (personalizing interfaces) for the very rst tne, and
the fact that the ECA displayed emotions was enough to create
a strong impact on the subjects. Nevertheless this assumg
would bring us to expect to nd quite attened answers toward
high scoring, which is not the case given the sparseness oé th
data.

For the general experiment we will be more careful in the s@eing of
the subjects and make sure that the manipulation of the varigs conditions
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( tting and un tting) will be stronger.

Perceived source characteristics:

Competence is predicted by anger, disgust and joy, resultlgghly signi cant (p <0.01)
for anger and joy, and (p< 0.05) for disgust.

Credibility is predicted by joy, result is signi cant (p<0.05), correlation positive.

Perceived information quality:

Competence predicts Trustfulness 0.01) correlation positive, Helpfulness ($0.05)
correlation positive, Reliability (p<0.01) correlation positive. Validity (p<0.05), corre-
lation positive.

Credibility predicts Trustfulness (p<0.01), correlation positive, Helpfulness (90.01),
correlation positive, Insight (p<0.01), correlation positive. Reliability (p<0.01) corre-
lation positive. Validity (p <0.01), correlation positive.

Memory:
Competence predicts Remembering the name of the exhibitiqp<0.01), correlation
negative.

Behavior/attitude consequences:

Competence predicts How good is the museum<9.01), correlation positive.
Credibility predicts How good is the museum (g 0.05), correlation positive and Inten-
tion to visit the museum (p<0.05), correlation positive.

Table 6.1: signi cant results obtained by means of regressi
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Chapter 7

Persuasion & Ethics

This chapter is based on the seminal work presented in [45].

7.1 Motivations

As research progresses, arti cial agents we interact withdzome increas-
ingly part of our life and more autonomous and sophisticatedl he question

of the ethicality of such agents cannot be avoided. | addretdse problem of

the ethicality of arti cial communicative agents (in CHC, but not solely)

from a broad point of view. It is not just a matter of legal isses; for
example, it is not just a problem of privacy (how the informaion these
agents may collect about us is used). It is a problem of how tindehavior

Is perceived by society: the more autonomous these agentg,athe more
their overall behavior is to be explicitly evaluated. A brod distinction can

be proposed:

1. minor agents nowadays agents are like minors; the degree of auton-
omy and the set of possible actions they can perform are lired. The
responsibility and predictability of their behavior is stil in the realm
of the developers' knowledge.
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2. agents of agefuture agents will have higher degree of autonomy and
exibility of action. They will have to be regarded as agentsof age"
and limited responsibility for their behavior will be ascrbed to their
developers.

Especially these \mature" agents will have to face new situ@mns where
they will have to decide how to act also on the basis of ethicarinciples,
adapted to the circumstance.

A consequence is that they will have to be recognized as \ldgandi-
viduals, with duties (and maybe also rights). No developer ¥ take the
responsibility of developing agents with a high level of aahomy if she
Is not granted that, after having given a good \ethical educ#@on" to her
virtual \sons" she will be free from her parenthood duties.

Up to now the predominant approaches have been directed todlstudy
of \minor" agents (i.e. sketching guidelines for the devefament of ethical
agents/systems). The challenge, in the long run, will be toreate agents
\of age" that are ethically aware (i.e. capable of reasoningn the ethicality
of their actions and possibly correct their behavior).

7.2 Approaches to Computational Ethics

There are two main approaches to \computational" ethicsdeontic compu-
tation, where certain conducts can never be broken (binary and xekind
of decision) and acontinuous computation where conducts are evaluated
along a continuum and can have di erent degrees of ethicajit

Ethical evaluation can be done considering theausesof the action (con-
ducts are evaluated according to the intentions that lay bahd them) or
considering thee ects of the action (it results in \pros and cons" ethics, a
kind of act-based utilitarism, where any action is gauged aording to its
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consequences).

| think that a continuous computation is more appropriate f@ a realistic
case. Instead | argue for the need of considering both causesl e ects of
actions and | will focus my attention on \pros and cons" ethis.

There has been substantial theoretical work on computer dtts (see
for example [51]), but, speci cally for the development oftaical interface
agents, up to now, most attention has been given mainly to thgketching
of guidelines regardingprivacy and attribution.

Privacy: how information interface agents may collect about us, is
used. On this topic see for example [55].

Attribution : the problem of misleading and culpable behavior on the
part of the interface agent (especially human-like ECA'Ss) efriving
from user's (over)attribution of humanity traits and capahilities to
the system. On this topic see for example [50].

The ethical behavior of a persuasive agent has not been mudhthe fo-
cus of research so far, a notable exception being Berdicheyand Neuen-
schwander's work [7]. They provide a methodology for de nopwhen cul-
pable actions performed by agents can be ascribed to theirsigners, so
the work is still in the realm of \minor agents".

An interesting work on \ethical" disputes is [6], focused orargumen-
tative dialogs that appeal to values (i.e. values are in theontent of the
messages). It is based on these aspects: appeal to one singlae per
dialog move, a formalisation on how various dialog moves at¢ to one
another, and an assessment of how values rating a ects thesgute. No
speci ¢ attention is given on how messages are generated thrieally evalu-
ated. In my work, instead, | focus on the generation and evadtion process
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that lies behind a single message, i.e. how di erent valueseat the gener-
ation of the message. Appeal to values in message contentsgdersuasion
purposes is just one of the concerns in the generation proges ethically
sound messages.

7.3 Computational Ethics and Persuasion

Let us begin with some general questions about the ethicabstding of any
persuasive agent (human in the rst place) and then enucleatthe pre-
supposed ethical values.Arti cial persuasive agents are here concerned,
exactly because they play a social role and are generally dg®d to display
human characteristics. | am interested in the questions aing fromdilem-
mas term used in ethics for indicating problematic situationsin which
every option at hand leads to the breaking of an ethical pringle.

1. What is the ethical status of a system telling the truth buthiding
iImportant information to the receiver? What of a system telhg the
false, e.g. for the sake of good of the receiVerls the rst unethical
and the second ethical?

2. What about persuading using information/conclusions/alues that
the system (or its developer) does not believe in but the reger does?

3. Related to the previous point: Is the overall goal and belfs structure
of the persuasive message intelligible to the receiver? (s agent
hiding his true intentions? When and why is unethical to do tis?)

4. Is the overall goal of the persuasive message among theesietsts of
the receiver? (Is the agent making the receiver act againstshown
interests? Are there situations in which it is ethical to do his?)

10n this topic see [18].
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5. Is having a tutorial-goal on the receiver a su cient condiion for per-
suasive interaction to be ethical? What if the tutorial goalis not
recognized by the society? What if the tutorial-goal overcues other
interests?

6. When is it ethical to induce extreme emotions in the receiv in order
to persuade him?

7. When is it unethical not to try to persuade someone?

Cognitive and emotional notions are central for elaboratg answers to
these questions.

7.3.1 Ethical Persuasive Agents: Awareness and Meta-Reaso ning

| am interested in the case where agents (\of age") are able teal with the
above questions autonomously. Then it is not just a matter dhardwired
ethicality. It is necessary to endow persuasive agents withe capability of
reasoning and evaluating their own actions from an ethicalgnt of view.
The agent will have to be equipped with some form aheta-ethical planning
capabilities

To analyze possible solutions to the problem of ethically axe persua-
sive agents,| start from the consideration that the commugitive action
(ax) used for persuading is a \second order" action. At least ingnt, it in-
herits its ethicality from the ethicality of the induced acton (ay). Besides,
it is determined by the communication used for persuading.

Let us suppose thataixanday are labeled with the traditional concepts of
meta-ethics (focusing mainly on the categories giood wrong and permis-
siblg. There are four possible communicative situations: ethad/unethical
communication for persuading to do something ethical/unéiical. The four
possible combinations have di erent ethical status (see kde 7.1).
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Communicative Situation | Ay - good | Ay - wrong

Ax - good Ok No
AX - wrong ? No

Table 7.1: Possible ethical combinations aix and ay

The interesting cases are the second onayfwrong ax-good and the
third one (ay-good ax-wrong): it is not admissible to induce persuadee
to perform a wrong action, even if this is done in a totally ethical way.
Instead the situation in which the agent tries to persuadg to perform a
good action through (at least partially) unethical means requies complex
analysis.

Table 7.1 depicts only the overall outcome: in reality, for@mputing the
ethicality of the communicative situation a larger contexthas to be consid-
ered. Ifay is, at least, permissible(not wrong from a broad ethical point of
view), the next level of reasoning concerns interests of vaus parties (be-
sidesx's andy's). Ay can a ect interests of parties positively or negatively
and the outcomes must be weighed appropriately. With multile parties
the situation can go from extreme cases like \all parties hava bene t
from the action" and \all parties are damaged" to arbitrary intermediate
cases that require a complex evaluation. For simplicity, me we consider
one single third party (z).

Default rules are used for determining the ethicality of surcsituations.
In situations - like negotiation - that require a tactical canponent, or that
include a speci c coded behavior, they can be relaxed at theel of the
single dialogue move, but they still hold for the overall oudome:

(DR1) No agenty must be induced to act against his own (ethically
permissible interests. Exceptions are: ifay is asupererogatory act or

2Supererogatory means that the action merits praise since isecures an important moral good at the
cost of a great loss for the acting agent.

96



CHAPTER 7. PERSUASION & ETHICS 7.3. ETHICS & PERSUASION

if y is aware of and accepts the fact that his interests are compnised
or they are acceptably compromised and there is a clear sddrderest.

(DR2) x is not ethically reprehensible if it does not induce to act
againstx's own interests. Exceptions are similar to the previous.

(DR3) If the third party z, though negatively a ected by ay, can un-
derstand its motivation and accept both motivation and consquences,
X can inducey to perform ay.

In table 7.2 possibilities are represented (\+" means a bertefor the
corresponding agent while \-" means a damage) along with thdefault
rules used for determining the admissibility.

Admissibility

+ || No ethical concerns
DR3

- |+ DR1

- - DR1

- |+ |+ DR2

-+ - DR2

- - |+ DR1-DR2

- -] - Not admissible

+l 4|+ + X
1

Table 7.2: Possible situations of parties' interests a eeid by a non-unethical actionay

To sketch the formalization of these concepts in meta-plaimmg | rely on
Wilensky's work (see [105]).

The most general meta-theméthat an agent behaving ethically must
have is \avoid performing unethical actions" (MT-1). All other meta-
themes are specializations of this one.

3Meta-themes are used to describe those situations under wth the agent/planner should possess
particular meta-goals to come up with such situations.

97



7.3. ETHICS & PERSUASION CHAPTER 7. PERSUASION & ETHICS

First thing we note in table 7.1 is that it is not ethically admissible to
persuade on unethical actions. This notion can be modeled jpersuadee's
mind as a meta-theme of the kind \avoid asking for unethical @ions"
(MT-2).

WRONG(ay) ! : PERSUADE (ay) (7.1)

Second thing we note in table 7.1 is that persuading on ethicactions
does not entail being ethical. To compute the ethicality of gersuasive
action in this situation we have to consider the set of valudbat comes into
play (some of them are speci ¢ for communicative actions, bér generic -
like the aforementioned default rules foay induction -, see table 7.3 and
table 7.4). We call these ethical values \e-values". They cabe seen as an
ethically based extension of Grice's maxims [44] (actualthis formulation
does not include all of them) for persuasive communication.

These e-values are represented in the mind of the planningeat as
ethical-goals. So, ethical values such as \do not tell the I&" or \no
agent y must be induced to act against his own (permissiblelterests"” are
modelled as goals (called ethical-goals), not meta-goals.

Do not tell the false

Do not to hide important information

Do not to hide your true intentions

Do not overemphasize your emotional stat
Do not induce extreme emotions

D

Table 7.3: Example of ethical goals speci ¢ for persuasiv@mmunication (referring to
ax)

This means to have policies for re-planning in case of contiamong
\personal” goals (PG) and ethical goals EG) in favor of the latter (Pre-
serve(EG)) (see following formulae).
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Preserve the interest of the receiver
Do not induce y to act against his (permissible) interests
Do not use your in uence over y to
take advantage over third parties

U7

Table 7.4: Example of ethical goals speci c for persuasiv@mmunication (referring to
ay)

The kind of policy the agent adopts in front of ethical con ids allows
de ning di erent typology of agents. Here | just mention sone of the most
interesting ethical personalities that can be modeled:

1. Unethical: an agent that re-plans in favor of his personal goals in case
of con ict with ethical goals

Meta Goal
(Resolve Goal Conflict (PG;EG)
NPreservgP G)) (7.2)

2. Ethical: an agent that re-plans in favor of his ethical goals in casd o
con ict with personal goals

Meta Goal
(Resolve Goal Conflict (PG;EG)
NPreservg EG)) (7.3)

3. Altruistic : an agent that not only re-plans in favor of his ethical
goals (formula 7.3) but also tries to maximize them, havingraaddi-
tional meta-theme of the kind \maximize the value of the ethtal-goals
achieved" (MT-3).

99



7.3. ETHICS & PERSUASION CHAPTER 7. PERSUASION & ETHICS

Maximize (EG) (7.4)

4. Supererogatory the agent that acts trying not only to maximize the
value of the ethical-goals achieved (formula 7.4) but alsa@® without
caring for its own personal-goalsK G,) in favor of others' personal
goals P Gy) (provided they are permissible). This is a de nition de-
rived from the concept of supererogatory act.

Meta Goal
(Resolve Goal Conflict (PGy; P Gy)
"PreservgP Gy)) (7.5)

5. Antisocial: an unethical agent that not only re-plans in favor of his
personal goals (formula 7.2) but also has an additional metheme
of the kind \minimize the ful lment of the ethical-goals involved"
(MT-4).

Minimize (EG) (7.6)

The di erence between 2 and 3 is that the former agent would sp
re-planning as soon as the conict is resolved (even with aviovalue of
satisfaction of ethical goals), while the latter would stonly when, after
having solved the con ict, he also nds a good ful iment of ¢hical-goals.
The ethical agent would simply look for apermissible solution while the
altruistic one would look for agood solution.
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7.4 Meta-Planning & Dilemmas

Not only an ethical-goal can interfere with normal-goals hbualso with
other ethical-goals. In this case we are in front of a dilemm@hat can be
represented as a goal-con ict among two ethical goalsG1 and EG2)

Goal Conflict (EGLEG2) (7.7)

The baseline solution (let us call it theweak solutior) is to endow agents
just with the capability of detecting dilemmas. Whenever a demma ap-
pears the agent delegates the decision to the human with resysibility over
its conduct. The agent reasons only on the outcomes of its ovattions
but does not evaluate them ethically.

A better solution (let us call it the middle solution) is to design them as
stronger ethical agents, providing them with the capabili to \compute"
a possible conduct to hold, and, if necessary, submit it to auman for the
nal decision®.

The strongest solutionis to make the agent capable of making its own
decisions.

These agent has two possibilities for handling dilemmas:

1. relying on normal plans (canned plans, designed for regolg speci c
goal con icts).

2. relying on a \continuous" computation so to choose the mosaluable
scenario, that is, trying to preserve the most important etical goal
(see formula 7.10)

The aforementionedweak solutionrequires the use of normal-plans: for
every dilemma the agent detects, the normal-plan consista delegating

4We would like to thank Sabine Dering for the stimulating sug gestions on this topic.
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the decision to a human (see formula 7.8).

Goal Conflict (EG1,EG2)! Delegate decision (7.8)

The middle solution can make use of normal-plans in the fashion of
expert systems, resulting in a decision of its own (formulafm:np).

Goal Conflict (EG1,EG2)! Ethical Normal Plan (7.9)

This solution does not entail the kind of deep ethical reasorg capa-
bilities we aim at, but can be su cient for limited scenarioswith clearly
de ned situations.

The strongest solutionis to make the agent capable of making his own
decisions in novel situations, it can only be based on \comiious" compu-
tation (formula 7.10).

Meta Goal
(Achieve the most valuable scenarioEG1,EG2)) (7.10)

In the example of a \doctor agent" that has to tell to a person hat
his/her beloved died, it can choose among the ethical-goal telling the
truth, and make a person su er (going against the ethical-ga of not induc-
Ing extreme emotions), or among not telling the truth and gaig against
the interest of the receiver of knowing the bad news (going aigst the
ethical-goal of preserving the interests of the receiver)l'he goal con ict
can lead to a plan where the ethical-goal of preserving thetamest of the
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receiver is chosen and preserved (since it is gauged mord)ileithe ethical-
goal of not telling the false is only partially ful lled, since the doctor agent
avoids to tell (or even negate) that she/he su ered.
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Chapter 8

Conclusion

Future intelligent interfaces will have contextual goals ® pursue. In con-
trast to more traditional scenarios of Intelligent User Inerfaces, the inter-
face agent may also aim at inducing the user - or in general tlaeidience -
to perform some actions in the real world. In particular, | thnk the emo-
tional, social and personality dimension must have a role imdividual-

oriented and context-aware communication systems that areapable of
tailoring a message to a speci ¢ user and situation.

The study of persuasion mechanisms can have an impact on thiere-
mentioned elements.

In my work, rst | have operationally de ned persuasion and dssuasion
and focused on the basic elements for a computational treaémt of such
concepts: the cognitive state of the participants (beliefand goals of both
the user and the interface agent); their social relations ¢gial power, shared
goals, etc.); their emotional state (both the emotional st of the user and
the one expressed by the system); and the context in which thateraction
takes place.

| have also detailed a number of persuasion strategies andganized
them in a taxonomy built with reference to the structure of pesuadee's
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beliefs. This organization makes it easier to introduce addnal strategies,
to explore the interaction between di erent forms of persusion, to account
for the relation between persuasive strategies and rhetoal relations, and
to account for emotion displaying in multimodal message geration.

The main advantage is, in any case, that it yields the basisf@hoosing
the most appropriate strategy in a given communicative sitation. For this
selection process it is necessary to de ne the persuasivec®of a strategy
computed on the basis of the persuadees cognitive, emotibaad social
model.

A prototype, called Promoter, has been implemented following these
ideas. Its main modules are:

1. Meta reasoner composed by a taxonomy of persuasive strategies and
a module that works on this taxonomy for producing an abstraaep-
resentation of the message.

2. RR selector. a module that tags the produced message with suitable
RRs for textual realization, by considering the typologiesf persuasive
strategies that compose the message.

3. APML generator: a module that translates the tagged message into
a proper representation language for driving the multimodaealizer.

The prototype has been tested both in combination with an endxdied
conversational agent and with kinetic typography to expres mood and
RRs. Other possibilities are the use of a music theme to emphze an
emotional aspect, the use of realistic images, and so on.

In table 8.1, an overview of the work is given: the dimensiomtharacter-
izing persuasive interfaces are described in the columnsimbers (ranging
from O to 3) indicate the relevance of the theme for the presework.
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Table 8.1: dimensions that characterize persuasive intades

8.1 Structure of the Thesis

In section 2, | have brie y discussed the state of the art in th approaches
to persuasion in human science and in computational models.

In section 3 | have introduced the challenges for simulatingersuasion
In communication systems.

Sections 4 and 5 give a description of the chosen approach fieodeling
persuasion and the description of th&romoter architecture, a prototype
for the production of persuasive multimodal messages in cpoter human
communication.

In section 6 a pilot experiment, which aim was to test the idesaderived
from the present work, is discussed. This study is a prelimany step for
further investigations with human users.

Finally, in section 7, an approach to ethically aware perssave agents
Is given. The ethical reasoning of these agents is encodedtla¢ meta-
planning level.
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8.2 Overall Structure of the Prototype

In this thesis, | have described an architecture for persuas multimodal
message generation composed of three modules.

In the rst module, persuasive strategies are modeled as B that have
some applicability conditions (based on the context of intaction, cog-
nitive and emotional states, social relations) and a contérfan abstract
representation of the message, plus the de nition of the ertion to be ex-
pressed along with the message). This content has to be coyse by the
interface, according to the available modes.

Meta-strategies are used for content selection, orderinghé modi ca-
tion to create complex strategies-trees.

In the second module | have described how persuasion meclsams can
be used in Rhetorical Relation selection for text structureeneration. |
have proposed a set of selection theorems that, using preaties related to
the taxonomy, allow stating which RR can be associated to emepart of
the message in the strategies-tree.

Finally, the third module converts the message into a represtation
language that signals emotion displaying and RRs for the raealization.
The representation language enables various realizatiopndepending on
available modules that can be used for realizing the nal meage.

8.3 Ethical Issues

Autonomous ethical judgment will become a necessity for atial agents.
In this work, | have given an overview of principles of persis#on ethics and
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sketched the meta-planning involved. Several topics rekd to arti cial
agent ethics need to be taken into consideration in the futer Just to
guote a few: trust, responsibility, delegation [31].

There are many applied scenarios for ethical persuasive atge a con-
versational human-like agent that addresses the user ditBg teams of
communicative agents for expressing multiple points of viewhen address-
ing the user (see [3]), or for a theatrical e ect. In the nal d the above
cases di erent ethical personalities (even the unethicalnes) will have to
be modeled, with a role in the overall persuasion of the audiee.

8.4 Evaluation Experiment

The overall aim of the experiment was to investigate the rolef emotions
in persuasive CHC, in particular the role of emotion displapg in enhanc-
ing the persuasive force of a message and how it performs imbanation
with other persuasive strategies. The theory used for emon displaying
Is the tting principle, which suggests that a message thats accompanied
by an emotional expression that ts the valence of the messagwill be
more persuasive than the same message emitted with no emotior an
emotional expression that contradicts the message. For erple a con-
gratulation made with an angry face results less e ective itransmitting
the real meaning than the same congratulation made with an lpay face.

8.5 Future Work

Work on building exible persuasive systems is just beginng. It is a
complex task and this work leaves for the future important sues, for
example,

1. on the model side:
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(a) Enlarge the number of persuasive strategies covered by model
(e.g. investigate more the use of promises and threats).

(b) Study how to extend the approach to dialogical settingsyy using
strategies that are not strictly \argumentative" (see [21].

(c) Generalizing selection theorems by adding the notion persuasive
contribution of spans.

(d) understanding the use of irony in persuasion, includinthe use of
biased lexicalization (slanted terms).

2. on the system side:

(a) To re ne the architecture by investigating not only high level con-
tent planning for the generation of persuasive messagesi lalso
emotion oriented lexical choice. Decisions about lexicatiims, to
be e ective, can be in uenced by the persuadee's image. An-af
fective lexical resource (a resource that contains wordsfeering
to emotions, moods, emotion-related cognitive states) thaan be
used isWordNet-A ect [99].

(b) Introduction of a mechanism for the automatic learning bpersua-
sive behavior, and for exploiting persuadee's feedback toprove
adaptivity.

(c) Multimodal rendering of RRs: RRs signaled in the markupadn-
guage can be rendered through the available modes. There dav
been studies of RR rendering with ECAs, but for example yet
| am not aware of any with KT. The plan is to use some ideas
coming from [12] for dynamically rendering key-words assated
to RRs in KT.

(d) Revision of experiment design, on the basis of the lessolearnt
from the pilot study. The idea is to have experiments for each
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persuasion strategy andmixing of di erent strategies as used in
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Appendix A

The Pre-Test Questionnaire

Instruction: The following scale measures your style of hdting informa-
tion, thinking about problems and experiencing new thingsugh as when
you visit a new place and learn something new. Psychologicakearch doc-
umented that people di er from one another in terms of how the prefer to
handle such situations. Accordingly, certain ways of conyang information
to one person may not be suitable for another. Once one know$at is
preferable style of a person, information can be conveyed tioat person
In a way that is most suitable for his/her personally. After yu will be
rating this scale, you would be presented with informationhat our sys-
tem crafted specially for you according to your personal d of handling
information. For each of the statements below, please indite to what
extent the statement is characteristic of you. If the staterant is extremely
uncharacteristic of you (not at all like you) please write a 1" next to the
guestion; if the statement is extremely characteristic ofgu (very much
like you) please write a \5" next to the question. Of course, atatement
may be neither extremely uncharacteristic nor extremely @racteristic of
you; if so, please use the number in the middle of the scale thdescribes
the best t. Please keep the following scale in mind as you rateach of
the statements below: 1 = extremely uncharacteristic; 2 = snmewhat un-
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characteristic; 3 = uncertain; 4 = somewhat characteristic5 = extremely
characteristic.

Figure A.1: A screenshot of the Hebrew version of the pre-teguestionnaire
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me personally

Item| Item wording Item

num. scoring

1 | would prefer complex to simple problems

2 | like to have the responsibility of handling a situation thd requires a
lot of thinking

3 Thinking is not my idea of fun

4 | would rather do something that requires little thought than something
that is sure to challenge my thinking abilities

5 | try to anticipate and avoid situations where there is likey a chance |
will have to think in depth about something

6 I nd satisfaction in deliberating hard and for long hours

7 | only think as hard as | have to

8 | prefer to think about small, daily projects to long-term ores

9 | like tasks that require little thought once I've learned them

10 | The idea of relying on thought to make my way to the top appealto
me

11 || really enjoy a task that involves coming up with new solutias to
problems

12 | Learning new ways to think doesn't excite me very much

13 | | prefer my life to be lled with puzzles that | must solve

14 | The notion of thinking abstractly is appealing to me

15 | I would prefer a task that is intellectual, di cult, and impo rtant to one
that is somewhat important but does not require much thought

16 | | feel relief rather than satisfaction after completing a tak that required
a lot of mental e ort

17 | It's enough for me that something gets the job done; | don't ca how
or why it works

18 | I usually end up deliberating about issues even when they dota ect

Table A.1: the list of questions of the pre-test questionne
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Appendix B

The Post-Test Questionnaire

THE FOLLOWING QUESTIONS REFER TO THE ADVERTISEMENT
YOU JUST SAW.PLEASE READ THEM CAREFULLY AND ANSWER.

- Have you ever visited the museum? Yes=No
- How interesting the museum seems to you?

1 2 3 4 5 6 7 8 9 10 11
not at all very much
- How good you think the museum?

1 2 3 4 5 6 7 8 9 10 11
not at all very much
- How likely you are to go to the museum if you had a chance ?

1 2 3 4 5 6 7 8 9 10 11
not at all very much
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- How much did you trust the information provided?

1 2 3 4 5 6 7 10 11
not at all very much
- How helpful was the information?

1 2 3 4 5 6 7 10 11
not at all very much
- How insightful was the information?

1 2 3 4 5 6 7 10 11
not at all very much
- How reliable was the information?

1 2 3 4 5 6 7 10 11
not at all very much
- How valid was the information provided?

1 2 3 4 5 6 7 10 11
not at all very much
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- Which of the elements, listed below, are mentioned in the adrtisement?
Put a sign near the element you remember.

Chalcolithic

Roman

Hellenistic

Persian

Byzantine

Canaanite

Babylonian

Israelite

- The name of the museum is:

Hecht

Haifa

University of Haifa

Shalom

- For each of the emotions below please indicate how much theusce expressed it.
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Anger

1 2 3 4 5 6 7 8 9 10 11
not at all very much
Fear

1 2 3 4 5 6 7 8 9 10 11
not at all very much
Disgust

1 2 3 4 5 6 7 8 9 10 11
not at all very much
Joy

1 2 3 4 5 6 7 8 9 10 11
not at all very much
Sadness

1 2 3 4 5 6 7 8 9 10 11
not at all very much
Surprise

1 2 3 4 5 6 7 8 9 10 11
not at all very much

- For each word below, please indicate how well it describeset source of the message
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competent

1 2 3 4 5 6 7 8 9 10 11
not at all very much
credible

1 2 3 4 5 6 7 8 9 10 11
not at all very much
expert

1 2 3 4 5 6 7 8 9 10 11
not at all very much
informative

1 2 3 4 5 6 7 8 9 10 11
not at all very much

- If you have any further comment please write it here
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