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Abstract

We can expect that future intelligent systems will be more like social

actors rather than mere tools. What people want are interfaces that un-

derstand us, that are natural and powerful, that adapt to ourneeds, that

help us focus our attention and memory, and that are pleasantand enter-

taining.

Some foreseeable application scenarios are: dynamic advertisement, pre-

ventive medicine, social action, dynamic advertisement and edutainment.

As a step in that direction, this study focused on persuasionfeatures

for Computer Human Communication, in particular for the generation of

multimodal persuasive messages. In modeling persuasion I have adopted

a porting of strategies used in human sciences. The modelingtakes into

account the cognitive state of the participants regarding their beliefs, de-

sires and intentions, as well as their social relations, their emotions and

the context of interaction. I have developed a prototype, called Promoter,

based on these ideas and tested it with real human users in a controlled

setting. Finally I have addressed some ethical issues regarding autonomous

persuasive systems.

Keywords

Intelligent user interfaces, computer human communication, persuasion,

persuasive systems.
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Chapter 1

Introduction

People tend to treat computers as social actors, even if these are usually

designed as mere tools. This forces computers to play a social role without

having the social skills to be successful (see [87]).

Persuasion is likely to become a hot topic for intelligent interfaces [97].

As opposed to traditional scenarios of Intelligent User Interfaces (hereafter

IUI), future intelligent systems may have contextual goalsto pursue that

aims at inducing the user, or in general, the audience, to perform a speci�c

action in the real world.

These systems will have to take into account the social environment,

exploit the situational context, and enhance emotional aspects in commu-

nication. Scenarios that can be envisaged include: dynamicadvertisement,

preventive medicine, social action and edutainment. In allthese scenarios

what really matters is not just the content, but the overall impact of the

communication.

The aim of the present research is to provide systems with thecapabil-

ity of reasoning about the e�ectiveness of the message, as well as about

the high-level goals and content. I have developed a prototype, called

Promoter, focused on persuasion mechanisms and their structuring totest
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CHAPTER 1. INTRODUCTION

these ideas.

The emphasis on modeling persuasion mechanisms and, therefore, on

performing 
exible, context dependent persuasive actionsgoes beyond the

current focus of \Captology" [37], the term introduced by Fogg with refer-

ence to persuasive technologies. Captology provides hardwired persuasive

features while, in contrast, this thesis presents an approach that focuses

on reasoning capabilities that will enable computer interfaces to engage in

persuasive communication with their users.

Persuasion mechanisms are taken from the human sciences foruse in

generating multimodal messages. To this end, I �rst introduce a de�nition

of persuasion as a form of action-inducement. Then I sum up the main

ideas of a systematization of persuasive strategies. This systematization

is the core ofPromoter and is obtained by means of: (1) a taxonomy of

persuasive strategies and (2) a meta-reasoning module thatworks on this

taxonomy.

The Promoter system, using the meta-reasoning module, generates an

abstract description of the message which is composed of several persuasive

strategies. This abstract description is then added with suitable Rhetorical

Relations (hereafter RRs) for textual generation. Finallyit is tagged with

emotion displaying speci�cation for multimodal realization. To realize the

persuasive messages, the prototype was tested with two di�erent realizers:

1. an Embodied Conversational Agent (hereafter ECA)

2. Kinetic Typography (hereafter KT)

As a testbed we are concerned with the educational scenario of a mu-

seum visit.

2



CHAPTER 1. INTRODUCTION 1.1. THE CONTEXT

In the end, I present evaluation issues - along with the description of a

pilot experiment with human user - and ethical issues related to the work

done.

1.1 The Context

The present study can be positioned in the �eld of Computer Human Com-

munication (hereafter CHC). In particular, following the tradition of Nat-

ural Language Generation (hereafter NLG) and successive developments

(speci�cally multimodal generation), we can place this study in the �eld

of intelligent multimodal information presentation. This means that the

aim of the present research is to give innovative contribution to generat-

ing multimodal messages by means of reasoning capabilitieson persuasive

features.

1.2 The Problem

People want interfaces that understand us, that are naturaland powerful,

that adapt to our needs, that help us focus our attention and memory, and

that are pleasant and entertaining.

To this end, many elements have to be taken into consideration: the use

of natural language (both in recognition and in generation)in 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. The main

3



1.3. THE SOLUTION CHAPTER 1. INTRODUCTION

challenges and requirements for modeling persuasion are:

� Various human sciences approaches to persuasion must be integrated.

� Models of emotion manipulation and beliefs and goal induction are

necessary.

� Argumentation strategies must be coupled with emotional ones.

� Uncertainty issues must be handled. In order to model the concept of

message e�ectiveness, it is necessary to introduce models that repre-

sent the measurement of the strength of persuasive strategies, and of

other related concepts.

� Di�erent multimodal methods must be investigated and improved.

� Speci�c evaluation methodologies must be de�ned to guarantee that

these systems are not only theoretically sound but also e�ective with

real users.

� Finally, ethical issues must be addressed. The more these interface

agents become persuasive and autonomous, the more this issue be-

comes compelling.

1.3 The Solution

The proposed approach begins with a formal analysis of persuasion, de-

�ned as a form of action inducement, obtained through the modi�cation

of persuadee's beliefs. If the goal of the persuasive systemis to induce an

action on the part of the user, then the system goal must also be that of

inducing a belief.

4



CHAPTER 1. INTRODUCTION 1.3. THE SOLUTION

After a systematization of persuasive strategies coming from human

sciences, I introduce an architecture of a system for the production 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 abstract rep-

resentation of the message.

2. RR selector: a module that tags the produced message with suitable

RRs for textual realization, by considering the typologiesof persuasive

strategies that compose the message.

3. APML generator a module that traduces the tagged message in a

proper representation language for driving the multimodalrealizer.

In the �rst module, strategies are modeled as rules that havesome

applicability conditions (based on the context of interaction: cognitive and

emotional states, social relations) and a content (an abstract representation

of the message, plus the de�nition of the emotion to be expressed along with

the message). This content has to be conveyed by the interface, according

to the available modes.

Meta-strategies are used for content selection, ordering and modi�cation

to create complex strategies-trees (abstract representations of the structure

of a persuasive message composed of several strategies).

The taxonomy and the meta-reasoning module are generic (domain and

language independent).

The second module, by means of selection theorems, accountsfor the

interaction between persuasion and rhetorical relations selection. The the-

orems use predicates related to the taxonomy and allow stating, given a

5



1.3. THE SOLUTION CHAPTER 1. INTRODUCTION

couple of adjacent message sub-trees in a strategies-tree,which RR can pos-

sibly connect them. Recursively applying the theorems, thewhole message-

tree is tagged with suitable RRs.

Finally, the third module converts the message into a representation lan-

guage (that signals emotion displaying and RRs) for the �nalrealization.

The representation language is chosen accordingly to the realizer that has

to render the �nal message.

The process of message generation proceeds as follow:

1. Given a persuasive goal, the system generates various persuasive strate-

gies that can be usable for ful�lling that goal, depending onthe context

and the user model.

2. Meta and Abstract-reasoning select the proposed strategies, modify

them (e.g. for emotion displaying) and �nally combine them to gen-

erate various strategies-trees.

3. Among all the exploitable strategies-trees, the one withthe maximum

persuasive force is chosen.

4. This strategies-tree is tagged, by means of appropriate selection-theorem,

with suitable rhetorical relations for the �nal textual realization.

5. Before being passed to the available modes, the message isconverted

into an APML format (xml based markup language) for multimodal

speci�cations (like emotion displaying).

The examples in this thesis are set in a museum scenario, where Pro-

moter plays the role of an intelligent agent on a PDA (Portable Digital

Assistant) that advises the visitor at key points during thevisit. There

are two types of visitor we consider in the examples: a singlevisitor or a

6



CHAPTER 1. INTRODUCTION 1.4. INNOVATIVE ASPECTS

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

system proactively gives suggestions and advice on the action to perform,

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

visit now etc. I also include more invasive recommendations, such as mes-

sages aimed at making an absent-minded pupil pay attention.The ECA

expresses appropriate emotions to accompany its utterances.

1.4 Innovative Aspects

The emphasis on modeling persuasion mechanisms goes beyondthe current

focus of \Captology", the term introduced by Fogg [37] with reference to

persuasive technologies. Most current approaches to persuasive technolo-

gies provide hardwired persuasive features.

On the contrary, the focus of the present work is on reasoningcapabili-

ties for IUI.

Other approaches, even if with reasoning capabilities, focus only on

rational aspects of the structure of the message. But rational reasoning is

not enough. For intention adoption what often really matters is not only

the content but the overall impact of the communication.

These approaches are usually strongly theory driven (that is, they im-

port a single theory/framework from human sciences and implement 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 thee�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 fromvarious background �elds,

that is: not limited to a single theory/approach.

3. to merge persuasive strategies into a coherent frameworkto be used

for multimodal message generation.

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

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

1.5 Structure of the Thesis

Section 2 presents an overview of the approaches to persuasion, coming

from di�erent human science �elds. Then the approaches to persuasion in

computer science are introduced.

Section 3 presents a list of the challenges for developing a framework for

simulating persuasion in CHC and for building e�ective and usable tools.

Section 4 gives a description of the proposed approach for modeling

persuasion along with the speci�c challenges.

Section 5 describes thePromoter prototype for the production of per-

suasive multimodal messages in monological settings.

Section 6 presents the description of a pilot experiment. Its aim 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-start for further

assessment and development of the approach.

Finally, in section 7, after a brief overview of computational works ad-

dressing ethics in persuasion, principles for an ethicallyaware persuasive

agents are introduced.

8



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 given. Most of

them have a common core addressingmethodologies aiming at changing,

by means of communication, the mental state of the receiver. In these

de�nitions much attention is paid to the cognitive aspects of the persua-

sive process, that is, to the importance that the receiver attributes to the

source, to the contents communicated, and how they are processed. El-

ements that play a role in these models are: persuader, persuadee and

the message. But, these de�nitions, despite the common core, are quite

di�erent one from another. They can be roughly divided in �ve groups,

according to which elements, involved in the process of persuasion, they

focus on.

The �rst group of de�nitions focuses mainly on the message (on its

structure). De�nitions from 2 to 4 broadly refer to the beliefs of persuader

and persuadee, and how they are related. Some of these de�nitions focus

more on persuader's side, on the cognitive processes that take place 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 e�ective, which are

the cognitive processes they lever on). The �fth category still studies the

relations among persuader and persuadee but focusing on thegoals 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 argument

can be \logically" structured to be e�ective. See for example Toulmin

[101].

2. De�nitions focusing on the why of persuasion. They explain why

persuasion can work, making reference to the \heuristics" through

which the receiver may be persuaded. See for example [20, 21].

3. De�nitions focusing on thehow of persuasion. They account for the

way in which persuasion occurs. They study which are the cognitive

devices and the inferential routes that operate in receiver's mind. For

example, according to Petty and Cacioppo [76], persuasion processes

should be based on the hypothesis that \when a person is motivated

and able to process a message carefully, generated cognitions are likely

to re
ect evaluative inferences or cognitive elaborationsabout the

quality of the message content. However when individuals lack suf-

�cient motivation or ability to process elaboratively, peripheral-route

processing is likely to occur . . . ". Here, central and peripheral routes

represent the rational vs. a�ective - contextual factors that 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 persistentman-

10



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

ner, the way an agent acts (for example in response to certainevents

or state of a�airs in the world).

Attitude inducement: changing, in a stable and persistent manner,

the way an agent evaluate events, state of a�airs, objects.

Action inducement: changing a particular planned action ofan

agent.

5. All the above models study the relationship between the beliefs of the

receiver and those of the persuader, but little attention isgiven to

the relationship between their goals. According to Poggi [77, 78], in

order to understand the process of persuasion it is necessary to study

also the receiver's goals and their relationship to the persuader's goals.

In her work, Poggi proposes an analysis of persuasion in terms of a

model based on the notions of goal and belief and shows how logical,

emotional and contextual factors can be simultaneously involved in

the process of persuasion.

2.1.2 Dimensions Characterizing Persuasion

There are several dimensions of persuasion that can be used for structuring

broad areas of study.

1. Audience speci�c vs. universal

(a) The �rst de�nition of persuasion given by Perelman and Olbrechts-

Tyteca [74] claims that what characterizes persuasion is its being

audience speci�c, namely its capacity of adapting the topicto the

speci�c listeners.

(b) Instead Cialdini [21] takes the opposite position: all the strategies

he analizes are meant to be universal (since they use cognitive

patterns of the receiver which are common to everybody).

11
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2. Monological vs. dialogical

(a) Perelman's analysis of persuasion, since concerned with rhetorics

(how to create e�ective discourses), is more involved with mono-

logical interaction.

(b) Cialdini's analysis of persuasion, since concerned mainly with sell-

ing scenarios, is more involved with dialogical interaction (e.g.

foot in the door strategy, door in the facestrategy, etc.).

3. Domain speci�c vs. universal

(a) Some strategies are typically domain speci�c (likefake discount

strategy to sell more).

(b) Other strategies are universal, that is, applicable in every situa-

tion (like resort to fear strategy with impressionable persons).

4. Just language vs. multimodality

This distinction is relevant especially with the coming of the new

media, and for IUI is a crucial �eld of research.

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

devoted to research organization and synthesis in this area. A notable ex-

ception being O'Keefe (see for example [71, 70, 69]). His work focuses on

the e�ects of persuasive messages, involving both methodological and sub-

stantive work, the latter especially in the form of meta-analytic 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 two concepts is

12
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put forward. The former is seen as a process that involves \rational el-

ements", while the second uses a-rational elements like emotions. In my

view, instead, argumentation is a resource for persuasion because:

1. Planning of persuasive messages involves a \rational" activity, even

when emotion inducement is employed as a means to increase the per-

suasion strength of a message. On the other side, the way persuasion is

performed (items selected, their order of presentation, their \surface"

formulation) also depends on the emotional state of the persuader.

2. Argumentation is concerned with the goal of making the receiver be-

lieve a certain proposition (in
uence his mental state) and, apart from

coercion, the only way to make someone doing something (persuasion)

is to change his beliefs [17].

Persuasion, since it includes a-rational elements as well,is a \superset"

of argumentation, but this does not rule out that there is a role for emotion

within argumentation [64]: through arousal of emotions (see Rhetorics) or

through appeal to expected emotions. In classical argumentation, though,

these problems are not addressed since emotional argumentation is often

considered as some sort of \deceptive" argumentation [43].

A better distinction between argumentation and persuasioncan be drawn

considering their di�erent foci of attention: while the former is focused on

the correctnessof the message (its being avalid 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 problem of the ad-

equacy - e�ectiveness - of the message [36]. Even in professional settings,

such as juridical argumentation, extra -rational elementscan play a major

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

[104, 24]; argumentation-based text generation has been proposed by Zuk-

erman [109], relying on a Bayesian approach. Negotiation has also been

widely investigated and modeled in a computational framework; 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 persuasion(one 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 superset of persuasion

since the de�nition of persuasion restricts the �eld of its coverage 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 persuasion only when there is

the intention to produce a change in the mental state of the receiver. 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 presentation we can

consider several scienti�c areas, but at least one is fundamental: NLG,

the branch of natural language processing that deals with the automatic

production of texts [89]. The �eld normally is described as investigating
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communicative goals, the dynamic choice of what to say, the planning of

the overall rhetorical structure of the text (called sometime strategic plan-

ning), the actual realization of sentences on the basis of grammar and

lexicon (sometimes calledtactical planning), and so on.

Persuasive features can have an impact on both strategic andtactic

levels since the e�ectiveness of a message can be enhanced byappropriate

content selection and text planning as well as with proper linguistic choices

(lexicalization).

Multimodal generation addresses similar problems as NLG, but goes

\a step further" since the message is communicated across more then one

mode, and also here persuasive features can have a deep impact.

Here I will mention some relevant systems, or models, and I will try to

classify them on the basis of the de�nitions of persuasion pointed out in

section 2.1:

1. Systems focusing on the communicative goal of persuasion:

STOP is one of the best known systems for behaviour inducement that

exploited persuasion [90]. STOP is (mainly) an NLG system aiming

at inducing users to stop smoking. It produces a tailored smoking-

cessation letter, based on user's response in a questionnaire. The NLG

process follows the classical three stage pipeline as described in [89].

The tailoring process is done by dividing smokers into categories and

then applying category-speci�c schema to generate the letter. The

limit is that this approach is strongly domain speci�c and all the

reasoning is based on expert-oriented knowledge acquisition for the

clinical smoking domain [91]. This renders the system unportable.

Another persuasive NLG system is the one presented by Reedet. al
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[84, 83, 85] that uses two modules, Argument Structure (AS) and

Eloquence Generation (EG), connected to the LOLITA system [96]

for natural language realization. In this approach the system starts

with a generic goal of making the user believing a certain proposition.

The AS module produces a logical form of the argument, employing

various logical and fallacy operators. Then the EG level modi�es this

structure by using heuristics to render the message more persuasive.

The limit is that the system generates an \argumentative" text and

then modi�es it to make it (more) persuasive. But persuasionis 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-

quires di�erent persuasive skills. In particular this agent is able to

perform persuasive actions like threatening, promising, giving expla-

nations and in general it is designed to convince other players. The

architecture of DIPLOMAT is developed on a multi-agents platform.

Tested with human players, DIPLOMAT outperformed them, andthis

is a notable result given the complexity and uncertainty of the selected

scenario. Despite the success of the system, it is not so useful for the

purpose of the present research because: (1) it was developed for a

task - negotiation - which is related, but not coincident, topersuasion;

(2) the architecture is domain dependent; (3) it uses a negotiation lan-

guage that is an English-like logical language, no real NLG process is

done. Players must previously learn this language to interact with the

system.

2. Systems focusing on argumentative aspects of persuasion:

Existing computational models of persuasion (e.g. [43, 104, 110]) are
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built on the seminal work developed by linguists, philosophers and

cognitive psychologists: Toulmin [101] �rst of all, but also Perelman

and Olbrechts-Tyteca [74] to mention only a few.

Systems such as NAC (I consider here the extended version described

by Zukerman et al. in [109]), use argumentation strategies in the

generation of persuasive messages. Zukermanet al. are concerned

with the abstract form of the unfolding of the argument (e.g. re-

ductio ad absurdum, inference to the best explanation, reasoning by

cases). This system is based on Bayesian Networks (BNs): arguments

are represented as networks of nodes (representing propositions) and

links (representing inferences). BNs have been chosen in order to rep-

resent normatively correct reasoning under uncertainty. In general,

though, logical reasoning is just one resource to support persuasion,

and the structure of persuasive messages is not necessarilylimited to

one inference schema (if present at all).

Other systems, such as ARGUER [93, 92] are concerned more with di-

alogical aspects of argumentation. The focus is on methods,based on

argumentation schemata, to detectattack or support relations among

user's and system moves - utterances - during a dialog. The approach

is quite simpli�ed and the dialog is seen as a simple process of alter-

nate attack and support utterances between the system and the user

(called sometimesping pong e�ect).

ARAUCARIA [86], an xml based tool for analyzing and diagramming

arguments, focuses on argumentation presumptive schemes (schemes

that are defeasible in their nature). The attention is posedon schemes

re�ned with critical questions [104] to detect or prevent possible user's

counter-moves. The model underlying ARAUCARIA is more re�ned
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than the ARGUER one but it can be used only for analysis purposes.

The study of these theories/systems enlightened the limitsof applying

a purely logical reasoning to real domains and the need, on one side,

of considering uncertainty [108] and on the other side of introducing

argumentation schemes more re�ned than logical modus ponens [103].

3. Systems focusing on the \how" of persuasion:

There are many computational models of emotions dynamics based on

cognitive theories like the one proposed by Ortonyand al. [72]. Still

it is not clear how much of these computational models have been

implemented and how much they are persuasion driven: their focus is

on believability, for a natural communication with th user (see [26]) or

for simulation purposes, rather than on emotions use for ane�ective

communication.

Elliott [33] presents a multi-agent platform for simulating simple emo-

tional \reactions" among groups of agents, depending on personality

traits. Though, this system does not address persuasion directly, since

it focuses on emotions dynamics in complex social environments rather

then emotions induction for persuasive interactions.

Caro�glio and de Rosis [15] focus on emotions as a core element for

a�ective message generation. The implemented model is morecom-

plex and more \persuasion oriented" then Elliott's one. They use a

dynamic belief network for modeling activations of emotional states

during dialogical interactions. This model of emotional activation is

inserted in an argumentation framework. The limit of their approach

is the use of only one persuasive strategy per time - system move - 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 strategies,

central in building complexpersuasive messages.

de Rosis and Grasso [29] instead, focus ona�ective language gener-

ation. Even if multimodality aspects are missing, the technological

aspects for a \richer" NLG production are addressed, leaving aside

emotion simulation needs. Their model uses plan operators -for text

structuring - enriched with applicability conditions depending on user

emotional traits, combined with rule based heuristics for revising the

sentence planning phase.

In general we can say that one of the most recent subjects of interest

in this trend of research concerns widening the persuasion modes from

considering 'rational' or 'cognitive' arguments to appealing 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 IUI. Most of

them focus on ECAs, and address the multimodal aspects of persua-

sion more on the perceptual interface side. Limited attention has been

given so far to reasoning. For a survey on existing ECAs and empirical

research on their impact see [81, 28]. For further details onthese and

other multimodal ralizers see section 4.8.3.

Here I just brie
y revise the main outcomes of these researches on

ECAs. They usually come up with (1) a3D model of the animated

agent and (2) arepresentation languagefor 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 thathave dif-

ferent features, partially overlapping, partially di�eri ng. Among these

features there are: emotions expression speci�cation, deictics speci�-

cation, RR speci�cation, personality speci�cation, performative type

speci�cation (request, inform, ask), etc. Some of the task that 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 have only

hardwired persuasive features. These are the main focus of \Captol-

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 will be the

basis for building e�ective and usable tools for simulatingpersuasion in

IUI. In the following there is a list of many challenges that are to be taken

into consideration, but only some of them will be faced in thepresent work.

1. There is a rich repertoire of persuasive strategies coming from social

psychology, see for example [21, 63] that can be be used for such a

framework. This collection is not structured: social, emotional and

cognitive aspects interact with each other. There is the need for a

porting and structuring of such concepts. TheMedia Equation sup-

ports this view [87].

2. Integrated models of emotion manipulation and beliefs and goal in-

duction are necessary. The approach can use BDI&E (Beliefs Desires

Intentions Emotions) agents and models of how intentions and com-

mitments are produced (and induced) in such agents. These models

will be used not only to describe the characteristics of persuadee and

how these characteristics are a�ected by a persuasive message (i.e.

how the information about the user attitudes is used to select the

\best" argumentation move the system can make, in a given situa-

tion). They also will be used to describe the process of persuasion

21



CHAPTER 3. THE PROBLEM

itself (i.e. the planning of a persuasive message). Obviously these

models will have di�erent degree of complexity depending onthe kind

of interaction modeled (static user models for monologicalinteraction

may su�ce, dynamic user models are instead necessary for dialogical

situations).

3. To simulate natural argumentation and (emotional) persuasion it is

necessary to de�ne new methods for representing knowledge,for rea-

soning on it and for generating natural language and multimodal mes-

sages (both in monological and dialogical situations). It is necessary to

represent in a single formalism/framework persuasive strategies com-

ing from di�erent human science researches. Starting from the contin-

uum which characterizes the various (emotional and non-emotional)

persuasion modes, a framework which tries to unify the various items

of this continuum (see for example [46]) must be given. Investigating

the various (emotional and non-emotional) persuasion and argumen-

tation strategies (like those in Walton and Toulmin [80, 101]) and

proposing a method to formalize them, by representing the various

sources of uncertainty and incomplete knowledge they may include,

is just the �rst step. Related aspects, fundamental for dialog inter-

actions, like critical questions, counter-arguments and so on, must be

taken into consideration.

4. To handle the problem of uncertainty, to model the conceptof e�ec-

tiveness of a message and to foster the process of choosing the best

strategy to be used at every interaction, it is necessary to furnish

models of measurement of the strength of persuasive strategies, and

of other related concepts such as: argumentation strength [95], pro-

bative weight [103], dialectical relevance [102] and impact [110, 107].

Various methods have been proposed for representing uncertainty in
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this domain: for instance BIAS [110, 107] and [14]. Both the cited

examples may be employed in a sort of hypothetical reasoning, to plan

a combination of data that can produce a desired emotional impact on

the claim. This emotional impact of the message may be evaluated by

integrating cognitive emotion activation models with persuasion and

argumentation models [15].

5. Multimodality: The realization of a persuasion message requires the

expression in a communication language. In most approachesnatural

language is the main modality, but it can be combined with music,

KT, ECAs, and so on. For instance a talking head may express the

mood of the message originator, a music theme may emphasize agiven

emotional aspect, or simply, a relevant image can be combined with

the produced text. Multimodality poses lots of challenges:for ex-

ample, the question whether an ECA should be credible or realistic

(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 notsu�cient

that they are theoretically sound: they also have to be proven e�ective

with real users. Evaluation is not straightforward at all: it 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, scenario of

the interaction, typology of the user, required task, persuasive strate-

gies at hand, and so on). Speci�c evaluation methodologies have to

be de�ned.

7. \Indirect aspects" like attention and memorization can a�ect the ef-

fectiveness of persuasive messages. E.g. if the attention of the user

is low, or there are key concepts persuader wants to stress, then per-

suadee's attention has to be focused or enhanced by using various
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means. Among them we consider of high importance the use of irony

or a�ectively \colored" terms. Similar considerations canbe made

about memorization.

8. Finally, ethical issues must be addressed. As arti�cial agents are be-

coming more complex and common in our everyday life, the needfor

an ethical design of such agents is becoming more compelling, espe-

cially if, as in the present case, the focus is on persuasiveness. A set of

principled guidelines for design and implementation of ethical persua-

sive agents is necessary. Future challenges will address meta-planning

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 I adopt the Beliefs, Desires, Intentions (BDI) model

[22, 23] as a reference framework. BDI is generally used to formalize ratio-

nal interaction and linguistic acts; still it will be used here not to formalize

the proposed theory but as an analysis tool. While very useful from an

analytical point of view, it presents many problems on the implementation

side [34, 57]. InPromoter [48] implementation I choose the CLOS-actions

framework [100], an extension of CLOS that allows 
exible rule manage-

ment and meta-object de�nition.

The main predicates I use to model beliefs and goals are the following

(throughout the thesis variablesx and y, when used together, will repre-

sent, respectively, the persuader and the persuadee):

BEL (x p)

agent x believes thatp
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GOAL (x p)

agent x wants p

The model presented in this thesis focuses on the four following aspects:

1. The cognitive state of the participants (beliefs and goals of both the

persuader and the persuadee)

2. Their social relations (social power, shared goals, etc.)

3. Their emotional state (both the emotional state of the persuadee 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 are brie
y re-

viewed.

Cognitive state of the participants: Beliefs and goals of both the

persuadee and the persuader about the domain of the interaction are es-

sential. They are pre-requisites for a persuasive interaction to take place,

since persuasion is a type of communication leading to belief adoption,

with the overall goal of inducing an action by the persuadee by modifying

his pre-existent goals. Below I 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, like consistency 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 goalsinvolved in the
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persuasive e�orts. GivenGoal(y c), to express the value of such a goal I

use the notation:

V(y c)

Consequence of an action: every action leads to a change in the state of

the world. Every state of the world can be more or less compatible with

the goals of an agent. Actions are chosen so that the value of the global

utility function is maximized. In order to express the relation between an

action a and its consequencec I use the notation:

a ! c

In order to persuade,x must use those consequences ofa that are among

the interests, or the goals, ofy and have the greatest value for him.

Value of an action: every action permits to ful�ll some goals and pos-

sibly endangers others. The value of an action is directly proportional to

the value of the goals it permits to ful�ll and is inversely proportional to

the value of the goals it endangers. To express the value of anaction a, for

agent y I 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 the role of a compe-

tent museum guide, and the visitor) and between the persuadee and other

relevant agents (e.g. experts, parents, friends and so on).Social elements

can be used both to induce factual beliefs (as in the case of experts) and to

induce beliefs aimed at producing actions (e.g. making the visitor aware of

an undesired social consequence, as in the case of the absent-minded pupil:

\What would your teacher think if she knew you were not payingatten-

tion?"). Some signi�cant concepts for social relations follow [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, thenx has some power on that

agent. In particular the possibility of jeopardizing is de�ned aspower-

on-jeopardizeand 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 agent y 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, these distinc-

tions are fundamental. For example, a mother is a care giver and generally

can be considered an attachment �gure as well. There are situations (e.g.

with problematic children) that do not comply with this default. Let us

suppose that the pupil is not paying attention during the museum visit.

The sentence \Do you want to make your mother su�er?" can be used only

in the default case. If that is not possible, a role model, or other �gures,

can be used instead: \What would your teacher think of you if she knew

that . . . ?"

Emotional state of the participants: Emotions can a�ect decision

making in di�erent ways. The proposed framework is similar to the one

proposed by Gmytrasiewicz and Lisetti [41]. Yet, while Gmytrasiewicz and
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Lisetti focus on how the emotions of an agent can change his own behavior,

I focus on how emotional elements can increase or diminish the e�ectiveness

of a persuasive message. From a general perspective there are at least four

emotional dimensions that a�ect the e�ectiveness of a message:

1. The current emotional state of the persuadee (how it a�ects strategy

selection in persuader)

2. The emotional state expressed by the persuader (which emotion he has

to display in order to maximize the persuasive force of the message)

3. The emotional state possibly produced on persuadee by thepersuader

communication (the induced emotional state could be non desirable

and in general it must be taken into consideration for subsequent

interactions)

4. The current emotional state of persuader (how it a�ects strategy se-

lection)

It is still a matter of debate whether the latter should actually be taken

into consideration in persuasive interfaces. The two main standpoints are:

(a) A perfect persuasive agent should be emotion neutral; hejust has to

display the most e�ective emotion for the current persuasive goal. (b) For

persuader, to feel emotions is a good way to handle unpredicted situations

and a resource for coming with responses to persuadee's moves. I will stick

to issue \a" in the following.

Context of the interaction: persuasion strategies can make use of con-

textual elements to induce an action. For example making reference to

a painting the visitor has seen previously (\this painting is by the same

author of . . . ") can increase the probability the visitor will 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 communication,

the mental state of the receiver.

In particular I stick to the de�nition of Perelman and Olbrechts-Tyteca

[74], for whom persuasion is a skill that human beings use - incommunica-

tion - in order to make their partners perform certain actions or collaborate

in various activities. A similar de�nition can be found in [66].

Embracing the de�nition of persuasion conceived as action (or behav-

ior) inducement we can consider it as an attempt to in
uence the practical

reasoning of the receiver. Practical reasoning is reasoning that includes

weighing of con
icting and competing options, that leads tothe adoption

(the forming of an intention) of a policy, where policies canbe simple ac-

tions or complex plans [9].

In the present approach, I \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 narrow de�nition

allows to verify the validity of the proposed theory \here and now". This

is much simpler than checking the behavior of the user (aftera persuasive

interaction), which requires long and articulated tests. This choice is in-


uenced by the lesson learnt by the authors of STOP (see section 2.2). As

pointed out in [90], the authors had a hard time in evaluatingit in a real

context because of the problem of assessing a real change in behavior and

because of the particularly awkward nature of smoking addiction.

Two di�erent formalizations of persuasion, or better of \goal of per-
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suading", are given (see formulae below). The two formulae,when y is an

autonomous agent, are equivalent.

PERSUADE (x y ay) ! INTEND 1(x DOES (y ay)) (4.1)

PERSUADE (x y ay) ! INTEND 1(x INTEND 1(y ay)) (4.2)

To capture the \narrow" de�nition of persuasion, these formulae have

been based on the concept of Cohen & Levesque of present directed inten-

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 goalp, 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 performing an action"

is a form of acting (considering dissuasion as persuasion tonot perform a

given action) the situation is not symmetrical. There are three 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 1(y a) (4.3)

INTEND 1(y : a) (4.4)

: INTEND 1(y a) (4.5)

Given these three cases it is important to note that while formula 4.6 is

true, this is not the case for 4.7:
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INTEND 1(y : a) ! : INTEND 1(y a) (4.6)

: INTEND 1(y a) ! INTEND 1(y : a) (4.7)

Following the above formulae we can derive two di�erent notions 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) before the per-

suasive interaction;

2. the strong notion captures not only the idea thaty was not already

planning to perform a, but also that he has somebarriers against the

action (formula 4.4).

The term \barriers" indicates those attitudes - of the persuadee - that

are against the action that the persuader wants him to perform. In this ap-

proach barriers are modeled as intentions (contrary intentions) the receiver

already has and that are endangered by the required action. In 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

f rom : INTEND 1(y a) to INTEND 1(y a) (4.8)

2. Strong notion: from contrary intention to intention

f rom INTEND 1(y : a) to INTEND 1(y a) (4.9)

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

f rom INTEND 1(y a) to : INTEND 1(y a) (4.10)

2. Strong notion: from intention to contrary intention

f rom INTEND 1(y a) to INTEND 1(y : a) (4.11)

It can be argued that the intuitive notions of persuasion anddissua-

sion refers to the strong cases. Later on we will see that somepersuasive

strategies are suitable only for the weak notion (see section 5.2,Supporting

Belief Strategies).

4.4 Persuasion & Decision

Persuasion operates on the persuadee's decisional processes. In this section

I brie
y describe some key aspects of decisional processes that persuasion

uses to a�ect decision. For introductory purposes, a simpletwo-layered

representation for plans (actions) and goals (see Figure 4.1) will su�ce.

Plans are chosen by agenty in order to maximize his goal utility function.

In this model plans are actions and goals are states of the world. Actions

and goals can be represented as points in a graph1.

Three basic relations between actions are allowed2.

1. Support a1 a2 = the ful�llment of action a1 helps the ful�llment of

action a2

(SUPPORT a1 a2) (4.12)

For example, in the museum scenario, given the fact that the visitor

wants to see paintingp1, and that painting p2 (of interest to him) is
1A model for plans and goals, similar to the one presented in this section, can be found, for example,

in TROPOS [19].
2Here we do not address the problem of objective versus subjective beliefs.
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Figure 4.1: The plans and goals graph

in a room on the way to p1, the visitor can take advantage of this

situation to seep2.

2. Conf lict a 1 a2 = the ful�llment of a1 endangers the ful�llment of a2

(CONFLICT a 1 a2) (4.13)

This relation is typical in a resource con
ict. E.g. if the visitor has

only twenty minutes left he cannot go both to see paintingp1 and p3,

which are on the opposite sides of the museum. The extreme form

of con
ict is the one of incompatibility where one action excludes the

other. A trivial form of incompatibility is the one betweena1 and : a1.

3. Indif ference a 1 a2 = the ful�llment of action a1 has no consequences

on the ful�llment of a2. This is the default relation between two

actions.

Given a graph of goals and plans, there are four rules that allow comput-

ing the basic relation holding between two actions not directly connected

(see table 4.1).

In order to persuadey to perform an action a, x can use arguments

concerninga and also concerning actions related toa. The two general

rules that drive persuasion are:
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R1. Given that a2 supports a1, every action supportinga2 also supportsa1

(SUP P ORT a2 a1) ^ (SUP P ORT a3 a2) ! (SUP P ORT a3 a1)

R2. Given that a2 supports a1, every action con
icting with a2 also con
icts with a1

(SUP P ORT a2 a1) ^ (CONFLICT a 3 a2) ! (CONFLICT a 3 a1)

R3. Given that a2 con
ict with a1, every action supportinga2 con
icts with a1

(CONFLICT a 2 a1) ^ (SUP P ORT a3 a2) ! (CONFLICT a 3 a1)

R4. Given that a2 con
icts with a1, every action con
icting with a2 supports a1

(CONFLICT a 2 a1) ^ (CONFLICT a 3 a2) ! (SUP P ORT a3 a1)

Table 4.1: Rules for computing the relation holding betweentwo actions

1. Every action a2 that has a support relation with the focused action

a1 can be used to motivate the persuadee to perform it: persuasive

strategies ona2 can be used to persuade ona1
3.

(PERSUADE x y a 1) ^ (SUPPORT a1 a2)

! (PERSUADE x y a 2) (4.14)

2. Every action a2 that has a con
ict relation with the focused action

a1 can be used to dissuade the persuadee to perform it: dissuasive

strategies ona2 can be used to persuade ona1.

(PERSUADE x y a 1) ^ (CONFLICT a 1 a2)

! (DISSUADE x y a 2) (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 persuasivesystems for mono-

logical interactions there are three levels of processing to be considered
3The support relation is a necessary, but not su�cient, condition for using a2 to persuade toa1: there

are other conditions that must hold for supporting actions to be used to motivate. Among the possible
ones: persuader has no goal contrary toy performing a2.
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(Figure 4.2).

1. At the �rst level the planning of the persuasive message speci�cations

is performed. This level selects, on the basis of the cognitive, social

and emotional states of the participants, the possible strategies to

pursue for persuading. It results in a perlocutionary act possibly

accompanied by an illocutionary act speci�cation (see Austin [4]). In

addition it can specify the emotional state the interface agent has to

display, and provide other information to pass on to the nextlevel,

like the rhetorical structure of the message. A representation language

like APML [5, 27] can be used to de�ne the various elements necessary

for multimodal generation.

2. At the second level, realization strategies are de�ned involving the

available modes. Speci�c modules, the \realizers", take into account

information passed on by the �rst level. Selection is performed 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 intonation.

Or it can be conveyed by a text whose words are selected taking

into account their emotional values (for example, selecting \kick the

bucket" instead of \die"). Or it can be conveyed through perceptual

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 synchronized.

This architecture is intrinsically multimodal. Each component performs

the realization of a portion of the message in its own way, including char-

acterizing it emotionally. Coordination takes place at thesecond and third

level of the system. At the second level content is allocatedto the di�erent

modes and coordinated according to rhetoric rules. For example, the harsh
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intonation of the synthetic speech can be accompanied by a serious facial

expression of an embodied agent. At the third level, a di�erent kind of

coordination takes place, involving mainly temporal constraints, for exam-

ple synchronization between certain facial muscular movements 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 three modules:

1. Meta reasoner

2. RR selector

3. APML generator

In �gure 4.4, it is given the description of the meta reasonermodule. In

the next sections, an overview of thePromoter modules can be found.

4.6 Promoter Modules: Meta Reasoner

In [48] it has been proposed a model (taxonomy plus meta-reasoning mod-

ule4), to provide a categorization of a rich repertoire of persuasive strategies

coming from social psychology, philosophy, and so on (see for example [21]

[63] [74]). In this model, that account for the interaction among strate-

gies, the focus is on the four aspects indicated in section 4.1: the cognitive

state of the participants, their social relations, their emotional state and

the context in which the interaction takes place.

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

for further details), use argumentation strategies in the generation of per-

suasive messages, but the focus is di�erent: they are concerned with the
4for the sake of simplicity I call \meta-reasoning" the combination of the tasks of abstract and meta-

reasoning. When discussing the speci�c rules I will call them with the proper names
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Figure 4.2: A possible overall architecture

abstract form of the unfolding of the argument. This categorization, in-

stead, is strictly dependent on the content of the strategies with relation

to the above aspects. Logical reasoning to support persuasion is just one

resource (that here I shall not discuss further) to induce someone 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�cation framework that

accommodates a good number of strategies as a basis for computational

treatment. Three main classes have been individuated:action inducement,

belief inducementand object features.

1. Action inducement strategies: strategies concerned withx's e�ort to

inducey to perform action a. Under this category there are two other

sub-categories: the one involving \goal balance" and the one involv-
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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 onpositive con-

sequences. Instead, using strategies onnegative consequences, x 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 possibilityto perform

the required action (e.g.can-do, know-how, etc.).

2. Belief inducement strategies: strategies that are concerned withx's

e�ort to enhance the probability of y accepting the content conveyed.

Examples are:appeal to expert opinion, appeal to popular opinion, and

appeal to empirical evidence[104].
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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 features that

x believes are attractive fromy's point of view, x can increase the

probability that y performs the required action: as forgoal balance,

positive features are used to persuade, negative ones to dissuade.

Meta-reasoning : some strategies have a typical meta-reasoning form:

meta-strategies carry out di�erent tasks on applicable persuasive strategies

in the generation of a persuasive message. These tasks are: content order-

ing, selection and modi�cation. Two examples of strategiesfor content

ordering are:

1. Support meta-strategy: \If there is a strategyS1 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 strategyS2 on belief

inducement which content isS1, then the system can useS2 to increase

the persuasive force ofS1"

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
icting

action as well and the user is impressionable, then the system can put

the negative consequences of the con
icting action �rst to enhance the

persuasive force of the message"

Content ordering meta-strategies can interact with each other in order to
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create a complex strategies-tree (an abstract descriptionof 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 persuasive text struc-

ture generation (see [47] for further details).

The strategies-tree, by means of selection theorems, can betransformed

into a RR-tree for the �nal textual rendering of the persuasive message.

The theorems use predicates related to the taxonomy and allow stating,

given a couple of adjacent message sub-trees, which RR can possibly con-

nect them. Recursively applying the theorems, the whole strategies-tree is

tagged with suitable RRs.

4.7.2 Strategies and RR

In text planning, a widely used reference theory is the one proposed by

Mann and Thompson. This theory, called Rhetorical Structure Theory

(RST) [59], puts forward the idea that the structure of many texts is a tree

built recursively starting from atomic constituents (e.g.clauses) connected

through particular relations. These relations, called rhetorical relations

(RRs), accounts for the structure and content ordering of the text. In al-

most every relation a text span plays a major role: this is often referred to

as \Nucleus" (as opposed to \Satellite" that plays an ancillary role). The

relations that connect spans with di�erent importance are called hypotac-

tic, instead those relations connecting spans with the same importance 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 take place at two

levels. At the macro level the RRs connect di�erent strategies, while, at

the micro level, the RRs articulate the content of a single strategy. I will

focus on the macro-level and in particular on the issue of generating a dis-

course tree (RR-tree) out of the strategies-tree.

In this approach a persuasive strategy can be seen as an atomic constituent

(elementary unit) and, by means of selection theorems, the RR connect-

ing adjacent elementary units is identi�ed, along with the nucleus of the

resulting span.

These theorems are also used for extended-RRs: the ExtendedTheory

of RR derivation, by means of the concept of \promotion" of a segment,

claims that what holds between elementary units holds also between larger

and more complex spans. According to RST formalization proposed by

Marcu, the promotion of a segment is always an elementary unit (a per-

suasive strategy in our framework). In this way selection theorems can be

recursively applied, ending up with a RR-tree. Therefore, according to ex-

tended RRs framework (and following the assumption of binary branching

of the RR-Tree), in deciding which RR can hold between two spans of any

complexity in a strategies-tree, selection theorems consider:

1. the type of the promotions of the two spans (with referenceto the

taxonomy)

2. the content of the promotions of the two spans

For the sake of simplicity selection theorems can choose only one RR for

every pair (i.e. only the most appropriate RR is chosen). This approach is

similar to the one proposed by Reed and Long [82] and shares their con-

cerns about loosing the argumentative structure when usingRST. That is

why the generation of the strategy-tree is not RST-based. RST is used

43



4.8. APML GENERATOR CHAPTER 4. THE PROPOSED APPROACH

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 I will give an overview of the theory used for emotion displaying and

a description of the realizers used byPromoter.

4.8.2 The Fitting Principle

In an agent's planning of a message, the content of a message and the emo-

tion displayed along with that message are chosen consistently. I start my

analysis from the \�tting of content and emotion assumption" [49]. This

principle states that the persuasive communications including emotional

expressions are more persuasive to the extent that the emotion, that ac-

companies that communication, is in �t with the content of the message. In

contrast, communications lacking emotional expression orcommunications

that are accompanied by un�tting emotions are perceived as less reliable

and less persuasive.

In some cases, it is also necessary to consider the context ofinteraction:

e.g. the same sentence can be e�ectively uttered with di�erent, even con-

trasting, moods, depending on the general attitude the persuader wants to

show toward the persuadee. For example an attitude of reproach requires

displaying an angry emotion when talking about possible negative conse-

quences of not performing the required action, while a sorry-for/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 displaying/induction.

For example:

� Embodied Conversational Agents

� Kinetic Typography

� Music

� Use of images

� . . .

ECAs are the mostly used realizers in multimodal IUI. ECAs are syn-

thetic characters (usually human-like) endowed with a physical appearance

able to display dynamic expressive behavior (for a survey onthis topic see

[81]). Planning of autonomous behavior led by internal beliefs, desires and

intentions is an open topic of research. Flexibly persuasive ECAs have a

large potential though. The use of synthetic characters allows for a richer

communication with the user:

1. They are more natural (e.g. gaze can be used for displayingthe fo-

cus of attention and for turn taking, gestures can be used fordeictic

references and for contributing to communicating contents). On the

importance of eye gaze in ECAs to improve the quality of communi-

cation see for example the study of Garauet al. [40].

2. They are more involving (they may include display of emotion and

expression of personality). On behavior and emotion displaying there

is a plethora of studies, see for example [2, 79]. Taking intoaccount
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also the natural predisposition of humans to treat anthropomorphic

agents as human peers, the possibility of ECA's to persuade them -

by leveraging social responses - is crucial and critical (for example,

making resort to their realism for believability).

Nevertheless the relation between realism and believability on one side

and e�ectiveness on the other is not totally obvious. In certain situations

it is reasonable to use cartoon-like (non-realistic) characters. They can be

e�ective because: (a) they do not ingenerate over-attribution (see section

7.2) that could lead to frustration, (b) they are more suitable for particular

kinds of audience, for example children. When talking aboutrealism and

e�ectiveness we are not just referring to a question of appearance but also

of behavior; cartoon-like characters often display exaggerated emotion, ob-

taining the desired e�ect. In any case, we should point out that ECAs are

not the only resource in persuasive interfaces.

Other resources for emotion emphatisation and induction are: 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 expression with

animated text. Text animation allows adding further dimensions of ex-

pressivity to the text and provides it with the ability to display emotions

and to capture and direct attention. KT has demonstrated ability to add

signi�cant appeal to texts, allowing some of the qualities normally found in

�lm and in the spoken word to be added to static texts. Kinetictype has

been widely and successfully used in �lm (e.g. opening credits) as well as

in television and computer-based advertising (e.g. TV commercials, web

banners). There are several key areas in which KT has been particularly

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 impact of

the content conveyed by persuasive messages (e.g. hopping words 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 social psychology,

philosophy, rhetorics exists, (see for example [21, 63, 74]) that can be ac-

commodated within this framework. Unfortunately, this collection is only

partially structured: social, emotional and cognitive aspects interact with

each other. In this chapter, I propose both a criteria for aggregation,

grounded in the cognitive model presented in the previous chapter, and

a deeper analysis of the taxonomy. Each strategy is structured 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 (including the four

dimensions of persuasion introduced earlier: cognitive state, social rela-

tions, emotional state and the context of interaction).
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Content is an abstract representation of the \message" that the strategy

conveys and that has to be realized in the modes available to the system.

Post-conditions represent how the context is changed after the persua-

sive communication.

I focus on strategies content for class organization in the hierarchy. 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:

S1 � content = claim : (a1 ! c1) (5.1)

It represents the claim of ashow positive consequencestrategy. This

strategy claims that a1 is an action andc1 is a positive consequence ofa1

( in y's perspective).

The following instead represents anexpert opinion strategy, wherep is

a person - expert iny's perspective - andt a topic:

S2 � content = claim : EXPERT � OPINION (p t) (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 the interface

has to express while uttering the claim), as in the following:

S1 � content = mood: happy (5.3)

In table 5.1 are described the main predicates used in the formulae of

the present chapter.
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TYPE OF(S,C) = returns T if the strategy S belongs to the classC 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( S1, S2) = is a function that returns a strategies-tree, made by com-

bining S1 and S2

ORDER(S1, S2) = returns T if the strategy S1 precede strategyS2 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 allthe possi-

ble strategies but to provide a classi�cation framework that accommodates

a good number of them (see Figure 4.5). All strategies are aimed at mod-

ifying the strength of an agent's beliefs. In particular to persuadey 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 groups in y's be-

liefs set: plan beliefsand object featuresbeliefs. The structuring of the

taxonomy re
ects the structuring of these beliefs in the persuadee's mind.

Some strategies work on the whole set of beliefs, others are speci�c to

sub-groups1:

� Action inducement strategies (working onplan beliefs)

� Belief inducementstrategies (working on the whole set of beliefs)

� Object featuresstrategies (working onobject featuresbeliefs)
1These names must not generate confusion: all the strategiesaim at inducing beliefs in the mind of

persuadee.
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Action inducement strategies are concerned with the goal ofx to in-

crease the likelihood thaty performs the required action. This category

contains two sub-categories: one involvinggoal balanceand one involving

supporting belief. While the �rst sub-category has been widely investigated

from di�erent perspectives (agents, economics), but not from a strict per-

suasive point of view, the second one has been only the objectof initial

works.

Goal balancestrategies are concerned with actions and their conse-

quences. Recalling the decisional architecture of an agent(see �gure 4.1),

the content of such strategies is a \causal" relation holding between an

action and one of its consequences, supposed to be related toy's goals.

CONTENT (S; (a ! c)) (5.4)

wherea is an action andc is a consequence ofa.

If c is a goal ofy, the strategy is onpositive consequences; if c is the

negation of a goal ofy, the strategy is onnegative consequences. The strat-

egy may besocial, physical or emotional, depending on the consequence it

involves.

Consequences can also be divided orthogonally inarti�cial and natural

ones. We use the terms \natural" and \arti�cial" in a technical way. Ar-

ti�cial means that the consequence will not happen without the interven-

tion (direct or indirect) of the persuader (this means that persuader 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 consequencesare calledwarnings, positive natural conse-

quencesare simply motivational advices. The third example of Table5.2

shows that beingnatural or arti�cial is strictly context dependent: the

same consequence of the �rst example isnatural 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 I will not

print the report for you"

Ex. Negative natural consequence: \if you dont pay attention during the visit your teacher

will think you are lazy"

Ex. Negative natural consequence: \if 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 strategies

It is important to note that I am not concerned with the inferential

chain supporting the claim that c follows from a. I am only interested

in analyzing how, given some conditions (in the world and in the user

model), the knowledge thatc follows from a can be used. Ex. ofsocial

consequences: given as a condition the existence of a role model - e.g. a

teacher - we can have anappeal 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, e.g. that c1

follows froma1, in di�erent ways. Let us say that c1 is a negative outcome

of a1 on a social relation (such as the one that holds between a child and his

mother). The system can decide, depending on visitor traits, to highlight

di�erent emotional consequences (table 5.3).

Ex. Resort to guilty feeling(negative emotional consequence in relation toy's mother):

\Do you want to make your mother worried?"

Ex. Resort to guilty feeling(negative emotional consequence in relation toy): \How

would you feel after having made your mother worried?"

Table 5.3: Examples of textual rendering ofgoal balancestrategies

Supporting beliefsstrategies [17] express the relation between a plan and

the supporting beliefs necessary to the agent for its pursuing; for example:
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resources availability, capabilities, know-how, triggering conditions. The

contents of such strategies are supporting beliefs of the action (an example

in table 5.4).

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

Examples of such beliefs are:

KNOW � HOW (y a) (5.6)

agent y knows how to perform the actions of plana

CAN � DO(y a) (5.7)

agent y has the skills to perform the actions of plana

This group of strategies can only refer to the weak de�nitionof per-

suasion. If, after a dissuasive communication,y drops a supporting belief,

then he drops the corresponding intention, ending with a lack of intention.

If, after a persuasive communication,y accepts a supporting belief, then

he can generate the corresponding intention only if he has nocontrary

intention.

Ex. Can-do strategy: \You can access room 2, it has accessibility devices for non-

walking persons"

Table 5.4: Examples of textual rendering of supporting beliefs strategies

Belief inducement strategies [104] such asappeal to expert opinion,

appeal to popular opinion, and appeal to empirical evidenceare all con-

cerned with the possibility to increase/lower the credibility (strength) of a

particular conveyed belief. The content of such strategiesis a relation hold-

ing between a topic and a source that has a \positive/negative" 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 inducement strategies

Object features strategies [13] are concerned with the features of the

object involved in the action. The content of such strategies is the assertion

that object o has the featuref . Depending on the fact that the features

facilitate to ful�ll a given goal or that they endanger it, th e features can be

regarded as positive or negative. Obviously a feature is positive or negative

always with regard to a goal ofy.

CONTENT (S; HAS � FEATURE (o f )) (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 featuresstrategies

It is important to note that these strategies can be used withall types

of actions involving an object, but they are particularly suitable when the

focus of the persuasive communication is on the object rather than on the

action itself. This group (as the one ofgoal balance) 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 formally modeled;

it is a strategy on negative arti�cial consequences.

[RESISTANT (y) ^ : T IRED (y) ^ GOAL (y ax) ^

POWER � ON � GEOPARDIZE (x y ax) ^

V ALUE (y ax) > V ALUE (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), formula 5.10 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 and ax the

action, performed by the system, of printing a report of the visit at the

end of the museum tour. Given thatax is among the interests of the pupil

and that x has power-on that action, the interface agent can possibly use

promises and threats. Further assuming thaty 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

consequence(threat). The condition V ALUE (y ax) > V ALUE (y ay)

assure that the threat will be afelicitous threat.

5.3 The Meta-Reasoning Model

Some persuasive strategies involve application of abstract and meta-reasoning

on others strategies. The approach described in this section accounts for:

1. the generation of new strategies (inventio of classic rhetorics)

2. selection of existing ones (inventio of classic rhetorics)
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3. modi�cation of existing ones (elocutio of classic rhetorics)

4. combination and ordering of existing ones (dispositioof classic rhetorics)

in the production of complex persuasive messages.

Generating new strategies : Some persuasive strategies require the

application of abstract-reasoning on related actions. This kind of abstract-

strategies involve references to supporting and con
icting actions2. Given

that the persuasive goal ofx is to induce y to perform a1, the following

abstract-strategies can be used for generating new strategies that make

reference to actions con
icting or supportinga1. These abstract-strategies

are based on Formulae 4.14 and 4.15.

1. If persuader wants to persuadey to perform a1, and action a2 has

a support relation with a1, then generate every strategy that can be

used for persuading ona2.

2. If persuader wants to persuadey to perform a1, and action a2 has

a con
ict relation with a1, then generate every strategy that can be

used for dissuading froma2.

For example, in our museum scenario, visitory may want to see some

speci�c paintings and at the same time he may want to avoid overcrowded

rooms. He can decide whether to cross room 2 (actiona1) or to cross room

3 (action a3) to go and see paintingp1. Say in room 2 there is another

painting (p2) 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 isexpressed

from formula 5.11 to 5.15.
2Related to the action persuadee is required to perform.
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Figure 5.1: A museum example

G1 = ( GOAL y (LOOK � AT y p1)) (5.11)

G2 = ( GOAL y (LOOK � AT y p2)) (5.12)

G3 = 8 r ROOM (r )

(GOAL y (AV OID (OV ERCROWDED r ))) (5.13)

a1 ! G1 ^ a2 ! G2 ^ a3 ! : G3 (5.14)

(SUPPORT a1 a2) ^ (CONFLICT a 1 a3) (5.15)

Persuade toa1 examples: Ex. Show positive consequences of supporting

actions: \If you cross room 2 you can see a beautiful painting"

(SUPPORT a1 a2) ^ (a2 ! G2) (5.16)

Ex. Show positive consequences of the action itself: \In room 1 there is

the painting of Giotto you were looking for"
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(a1 ! G1) (5.17)

Ex. Show negative consequences of con
icting actions: \Room 3 is

overcrowded"

(CONFLICT a 1 a3) ^ (a3 ! : G3) (5.18)

Persuade toa3 examples: Suppose now thatp2 is being restored and has

been moved. By rule R3 (see table 4.1) we know that, by dissuading from

a2, which is supportinga1, we can persuade toa3. In the following example

we are negating a can-do belief ofa2 (con
icting action): \Painting p2 is

being restored so it is useless to cross room 2"

(CONFLICT a 1 a3) ^ (SUPPORT a1 a2) ^ (a2 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 is tired it is

better not to threaten him" as a condition of application of the threatening-

strategy in formula 5.10. But, exploiting the taxonomy of strategies we can

de�ne it as a decision, at a more abstract level, relative to the group of

strategies concerned with showing negative consequences of an action. The

structure of the strategy (we may call itdon't upset persuadee) is:

MS1) if persuadee is \tired" and there are applicable strategies show-

ing positive consequences and others showing negative consequences then

persuader should avoid using strategies showing negative consequences:

8S1; S2 :
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[(T IRED (y) ^ TY PE OF(S1; show� pos� cons) ^

TY PE OF(S2; show� neg� cons) ^

CONTENT (S1; a)) !

DELETE (s2)] (5.20)

This meta-rule allows not only to account for the decision between

promising something to the pupil (positive arti�cial consequence) and threat-

ening him (negative arti�cial consequence) when he is tired. It accounts for

an entire class of interactions between the cognitive and the emotional level.

Modi�cation of strategies : Some persuasive strategies involve appli-

cation of abstract and meta-reasoning on others strategiesfor the modi�ca-

tion of the features of these strategies. For example, they are used for the

conveying of a particular mood. The following conveys a \happy" mood,

enhancing the motivation ofy (motivate abstract-strategy):

AS1) if persuadee is \tired" and there are applicable strategies showing

positive consequences deriving from performing the required action then

persuader should use a \happy" mood:

8S1 :

[(T IRED (y) ^ TY PE OF(S1; show� pos� cons) ^

CONTENT (S1; a)) !

MOOD (S1; 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:

AS2) If persuader has to show a negative feature of the objectinvolved

in the action he wants persuadee to perform, then persuader can display a

\sorry-for" mood when showing that feature:

8S1 :

[(TY PE OF(S1; show� neg� feat ) ^

CONTENT (S1; obj)) !

MOOD (S1; sorry � for )] (5.22)

In some cases the context of interaction must be considered as well: for

example an attitude of reproach requires displaying an \angry" emotion

when talking about possible negative consequences of not performing the

required action, while a \sorry-for/worried" mood is necessary when the

conveyed attitude is of empathy. These two notions can be modeled as

abstract rules of the following type:

AS3) If persuader decides to have an attitude of reproach (toward a \self-

con�dent" persuadee) and there are applicable strategies showing negative

consequences deriving from not performing the required action then the

agent can display an \angry" mood when showing those consequences:

8S1 :

[(SELF � CONFIDENT (y) ^

TY PE OF(S1; show� neg� cons) ^

CONTENT (S1; : a)) !

MOOD (S1; angry)] (5.23)
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AS4) If persuader decides to have an attitude of empathy (toward a

\shy" persuadee) and there are applicable strategies showing negative con-

sequences deriving from not performing the required actionthen persuader

can display a \sorry-for" mood when showing those consequences:

8S1 :

[(SHY(y) ^ TY PE OF(S1; show� neg� cons) ^

CONTENT (S1; : a)) !

MOOD (S1; sorry � for )] (5.24)

Obviously, there are rules that state when to adopt a reproach atti-

tude in front of persuadee. This attitude is then realized allocating the

proper emotions to thecontent of the various strategies composing a mes-

sage. Having a strategy hierarchy facilitates this task: given an attitude,

emotions can be matched to classes of strategies and not to every single

strategy. For example, given (AS3), an \angry" mood matchesthe claim

of strategies onnegative consequences.

Accordingly to the �tting principle, when I say that the mood �eld de-

pends on theclaim (e.g. \worried" for negative consequences), I do not

refer uniquely to the typology of theclaim, but also to its importance.

The importance of aclaim on negative consequencesdepends on the value

of the consequence fory: the more important the consequence of that ac-

tion, the stronger the emotion to be displayed. It would be un�tting, for

emphatic attitudes, to have an ECA displaying a really worried face for

secondary consequences and only a slightly worried face forimportant ones.

Composition of strategies : The approach described in this thesis

allows also composing existing strategies. For example thesame topic

meta-strategy (MS2) andSupport meta-strategy (MS3).
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MS2) if there are applicable strategies on the same topic (e.g. the same

action a) and they are of the same typology (e.g. onpositive consequences)

then persuader can gather these strategies together:

8S1; S2 :

[(TY PE OF(S1; show� pos� cons) ^

TY PE OF(S2; show� pos� cons) ^

CONTENT (S1; a) ^ CONTENT (S2; a)) !

CONCATENATE (S1; S2)] (5.25)

MS3) If there is a strategyS1 the system can use and its persuasive force

is too low and there is a strategyS2 on belief inducement which content is

S1, then persuader can useS2 to increase the persuasive force ofS1:

8S1; S2 :

[(TY PE OF(S1; belief � inducement) ^

TY PE OF(S2; strategy) ^

CONTENT (S1; S2 � content)) !

CONCATENATE (S1; S2)] (5.26)

In the example below persuader is using anappeal to expert opinion, to

give support to a strategy onpositive features, in order to persuadey to

look at a particular painting.

S1 � content = HAS � FEATURE (p1 f ) (5.27)

wherep1 = \this painting" and f = \one of the most important of the

Middle Ages"
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S2 � content = EXPERT � OPINION (p t) (5.28)

wherep = \Umberto Eco" and t = S1 � content

The interaction generates a sentence like the following \AsUmberto Eco

says, this is one of the most important paintings of the Middle Ages"

Ordering of strategies : this group of meta-strategies is concerned

with the order in which the strategies have to be presented. Let us con-

sider the two main content ordering meta-strategies used bythe system:

the show defectmeta-strategy (MS4), based on [21], and theresort to fear

meta-strategy (MS5), based on Kahneman and Tversky's Prospect Theory

[53] (see next section):

MS4) if persuadee is \expert" and there are applicable strategies on

positive and negative consequences of the required action,then persuader

can catch persuadee's trust by putting the negative consequences �rst:

8S1; S2 :

[(EXPERT (y) ^ TY PE OF(S1; show� pos� cons) ^

TY PE OF(S2; show� neg� cons) ^

CONTENT (S1; a) ^ CONTENT (S2; a)) !

(CONCATENATE (S1; S2) ^ ORDER (S2; S1))] (5.29)

MS5) if there are applicable strategies on positive consequences of the

required action and there are strategies on negative consequences of a con-


icting action as well, and persuadee is impressionable, then persuader can

put the negative consequences of the con
icting action �rst, to enhance the

persuasive force of the message:
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8S1; S2 :

[(IMPRESSIONABLE (y) ^

TY PE OF(S1; show� pos� cons) ^

TY PE OF(S2; show� neg� cons) ^

CONTENT (S1; a) ^ CONTENT (S2; a1)) ^

CONFLICT (a; a1) !

(CONCATENATE (S1; S2) ^ ORDER (S2; S1))] (5.30)

Composition and Content ordering meta-strategies can interact with

each other to create a complex strategies-tree.

5.4 Computing the Persuasive Force of a Strategy

In creating persuasive communication, persuader must havea way to de-

cide which are the best strategies to use among all the exploitable ones. It

is therefore necessary to de�ne the force of a strategy both for (a) single

strategies and (b) composition of strategies (strategies-trees).

Single Strategies : there are di�erent ways to assess the force of a

single strategy, related to the class the strategy refers to.

The persuasive force ofbelief inducementstrategies is directly propor-

tional to the reliability of the source, and to the consistency degree with

pre-existing beliefs (see Cognitive Dissonance [35]). Given:

S � content = OPINION (st) (5.31)

Strength(S) = f (reliability (s); consistency� degree(t)) (5.32)
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The persuasive force ofgoal balancestrategies is directly proportional to

the probability of obtaining the consequence given the action (subject ex-

pected utility) and the value of the consequence with regardto persuadee's

goals set.

S � content = ( a ! c) (5.33)

Strength(S) = f (P(cja); V(c)) (5.34)

Composition of strategies : whenever two strategies are composed

together there is also the need to assess the persuasive force of the result-

ing strategies-tree. As an example, we will describe how to compute the

persuasive force of strategies-trees resulting from the application of the re-

sort to fear meta-strategy (MS3). This is consistent with Kahneman and

Tversky's prospect theory. In fact, following the authors,we assume that:

1. People evaluate outcomes starting from reference points(e.g. framing

e�ect)

2. Di�erent reference points can lead to di�erent evaluations of the same

outcome (strategy).

In my system, reference points for a given strategy are the sentences

(strategies) that precede the strategy under inspection. So, for example,

given a message (strategies-tree) composed byS1 + S2, the reference point

for S2 is S1. Let us assume that strategyS2 is on positive consequences

of action a and that it has a persuasive forceh, while strategy S1 is on

negative consequences of action: a and it has a persuasive forcek. We

�rst estimate the persuasive force of the two strategies taken in isolation

(see formula 5.34, subject expected utility). In order to account for the

modi�cations in the persuasive force of the message, I assume that the
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persuasive force of the messageS1+ S2 is more than the simple sum ofk and

h. This is due to the fact that, according to the framing e�ect,proposing

negative consequences before the positive ones enhances the evaluation of

the positive outcomes. In this way we save both the subject expected

utility, used for messages composed of single strategies (S1 and S2), and

the prospect theory used for complex messages (S1+ S2). Therefore, in our

example:

Strength(S1) + Strength(S2) < Strength (S1 + S2) (5.35)

In Promoter, I have implemented a simpli�ed version of such ideas. In

particular for belief inducementstrategies, the strength of the overall mes-

sage is the sum ofreliability (s) and consistency� degree(t). For goal bal-

ance strategies the strength isV(c), consideringP(cja) = 1. For composi-

tion of strategies along the prospect theory, I stipulateStrength(S1+ S2) =

2 � Strength(S1) + Strength(S2).

5.5 Rhetorical Relations Selection

Once the strategies-tree with the maximum p-force has been selected, it is

tagged with appropriate RRs for the textual realization of the message.

A logic based on the one proposed by Marcu (see table 5.7 for the pred-

icates), extended with the predicates introduced earlier (see table 5.1), is

exploited to model the theorems.

In the following SP1 and SP2 are used to denote any two arbitrary

adjacent text spans3. So spanl;h = SP1 and spanh+1 ;k = SP2 (or vice-versa)

where l< h< k.
3Here I 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 spanl;h in the text tree.

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

P(l, h, unit name) = denotes the set of units that are salient for spanl;h
and that can be used to connect this text span with adjacent text spans in the �nal

RS-tree.

Table 5.7: Marcu's predicates

First, I introduce the assumptions of the outlined framework, necessary

for the selection theorems, then I introduce the general structure 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 strategies

3. by de�nition, the promotion of a leaf is the strategy itself

4. for paratactic relations the promotion of a span is always the most

important (max. persuasive force) promotion of the two sub-spans

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 of two parts:

applicability conditions and result . The applicability conditions part is

composed of a test on thetype of the promotion of the involved spans and

a test on the content of the promotion of such spans. An optional part,

referring to the persuasive force of such spans, is used, in some 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 delineation of the

nucleus of the resulting span.
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Three examples of selection theorems are shown here below (the promotion

can be derived by means of assumptions 4 and 5).

T-evidence:

8SP1; SP2 :

[(TY PE OF(P(SP1); belief � inducement) ^

TY PE OF(P(SP2); Strategy) ^

CONTENT (P(SP1); positive � opinion(p; c)) ^

CONTENT (P(SP2); c)) !

(T(SP1; SP2; JUST IFY ) ^ S(SP2; NUCLEUS))] (5.36)

\If the type of the promotion of span SP1 is belief inducement and the

content of the promotion ofSP1 is an opinion regarding the content of the

promotion of SP2 then the RR that links the two is a justi�cation relation

and the nucleus of the new segment isSP2."

T-contrast :

8SP1; SP2 :

[(TY PE OF(P(SP1); show� neg� cons) ^

TY PE OF(P(SP2); show� pos� cons) ^

CONTENT (P(SP1); a1) ^

CONTENT (P(SP2); a2) ^ (CONFLICT a 1 a2)) !

(T(SP1; SP2; CONTRAST) ^ S(SP2; NUCLEUS))] (5.37)

\If the type of the promotion of span SP1 is show negative consequence

and type of the promotion of spanSP2 is show positive consequence and

69



5.5. RR SELECTION CHAPTER 5. THE P ROMOTER PROTOTYPE

the content of the promotions are two con
icting actions then the RR that

links the two is a contrast relation and the nucleus of the newsegment is

SP2."

T-conjunction :

8SP1; SP2 :

[(TY PE OF(P(SP1); show� pos� cons) ^

TY PE OF(P(SP2); show� pos� cons) ^

CONTENT (P(SP1); a1) ^

CONTENT (P(SP2); a1)) !

T(SP1; SP2; CONJUNCTION )] (5.38)

\If the type of the promotion of span SP1 and SP2 is show positive

consequence and the content of the promotions are the same action 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-strategies with selection

theorems) were used.

This was done mainly for two reasons:

1. A concept similar to \promotion of a segment" is needed to allow re-

cursive application of composition and content ordering meta-strategies

(i.e. also on complex strategies-tree non only on simple strategies).

2. As stated in section 4.7.2, selection theorems de�ne onlyone RR

for every pair of strategies. So there is a univocal relationbetween

strategies-trees and RRs attached to them.
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The two processes (meta-reasoning - for composition and ordering - and

RR selection) have been presented separately because they are two di�erent

theoretical steps in the building of a message.

Here below the example of the operator, made combiningresort to fear

meta-strategy (formula 5.30) andT-contrast selection theorem (formula

5.37), is given:

8SP1; SP2 :

[(TY PE OF(P(SP1); show� neg� cons) ^

TY PE OF(P(SP2); show� pos� cons) ^

CONTENT (P(SP1); a1) ^

CONTENT (P(SP2); a2) ^ (CONFLICT a 1 a2)) !

(T(SP1; SP2; CONTRAST) ^

S(SP2; NUCLEUS) ^ ORDER (SP2; SP1))] (5.39)

In this example, the promotions of the two segments (positive conse-

quences ofa and negative consequences of: a) are considered, in accord

with T-contrast theorem, but with the further condition of SP2 preceding

SP1 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 a position-

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

accompanies his visit. Promoter is an additional component that inter-

venes at speci�c moments. The system starts o�, at the beginning of the

visit, with an initial user pro�le that initializes a dynami c user model. The

latter is continuously updated, on the basis of the visitor behaviour (based

on the time spent in front of an exhibit, the visitors movements, his general
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attitude in the course of the visit, the topic selected on thePDA and so

on). Techniques can be introduced for inferring his attentional-emotional

state. Let us consider that the visitor is near to a painting the system

is describing, but is not looking at. In this case the system can infer the

visitor is \bored" and can activate a goal such as: \make the user 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 ((S1; S2); (S3; S4)) (see �gure 5.2).

Figure 5.2: The strategies-tree of the message

Where:

TYPE OF(S1, appeal-expert-opinion): \As Umberto Eco says"

TYPE OF(S2, show-neg-consequences(a)): \If you don't pay attention

during the visit, you will miss a good opportunity to appreciate 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 the seg-

ments:

1. T-evidence: T(S1; S2, EVIDENCE) (see formula 5.36)

2. T-conjunction: T( S3; S4, CONJUCTION) (see formula 5.38)

3. T-contrast: T(( S1; S2), ( S3; 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) rendered

as, for example: \As Umberto Eco says, if you don't pay attention during

the visit you will miss a good opportunity to appreciate someof the best

Medieval paintings. Instead , if you pay attention, your mother will be

happy and I 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 messages, emotion

displaying is carried on according to the �tting principle. In particular the

mood speci�cations (in the content �eld of the strategies) are 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 attitude)the second one

according to abstract-rule AS4 (empathy attitude).
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In table 5.9 are shown various examples of APML messages generated

by the Promoter system.

It must be stressed that such speci�cations are not necessarily bound

to realization through an ECA: the same text can be rendered with kinetic

typography, using particular movement e�ect to convey the corresponding

emotion (e.g. hopping words for happiness, shaking words turning to red

for anger). In �gure 5.4 two screenshots of ECA realization are shown,

while in �gure 5.5 a sequence of Kinetic Typography rendering is 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 >

< a�ective 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 >

< a�ective type=\joy" > if you pay attention,

your mother will be happy < /a�ective >

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

< /a�ective > I will print a report of your

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

< /EXPML >

message conveying areproach attitude

< EXPML >

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

< a�ective 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 >

< a�ective type=\joy" > if you pay attention,

your mother will be happy < /a�ective >

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

< a�ective type=\joy" > I will print a report of your

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

< /EXPML >

message conveying anempathyattitude

Table 5.8: two APML realizations of the same message conveying di�erent attitudes
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< EXPML >

< a�ective 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 onirony attitude

< EXPML >

< RR type=\concession"> although < /RR >

< a�ective type=\sorry-for" > march painting is

very degraded< /a�ective >

< a�ective type=\joy" > march painting is

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

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

< a�ective type=\joy" > it is the only one

representing fox hunting < /a�ective >

< /EXPML >

message based onshow 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 onthreatening attitude

< EXPML >

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

< a�ective type=\surprise" > the majority

of visitors says< /a�ective >

< a�ective type=\joy" > march painting is one of

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

< /EXPML >

message based onappeal to common opinion

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

Experimental results

This chapter describes a joint work with Haifa University. Shlomo Hareli,

Shay Tzafrir and Gregory Gurevich are the researches that collaborated in

this activity.

6.1 Evaluation Issues

Evaluation of e�ectiveness of persuasive systems is not straightforward at

all, as the STOP experience showed [90]: it is necessary to point out 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 interaction, typol-

ogy of the user, required task, persuasive strategies at hand, and so on).

Given the complexity of the task, speci�c evaluation methodologies have

to be used or de�ned.

Our approach, along the suggestion derived from the media equation

[87], is to apply research methodologies derived from the Human Human

Interaction (HHI) �eld (e.g. studies of persuasion in social psychology).

Theory driven experiments can be used to measure \indirect aspects" like

attention, memorization, perceived information quality,etc. Variations in

these aspects can be indicators of the impact of the persuasive message.
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The evaluation experiment we set up, based on classical works aimed at

studying the e�ect of persuasive advertisements on human users, 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 and run to eval-

uate the role of emotions in persuasive CHC. Given that we deal with

intelligent persuasive interfaces we also addressed the role of personalized

messages. In particular we focused on the emotion displaying model - on

which the Promoter prototype is based - coupled with an ECA. The used

ECA is Xface, developed at Irst.

There is a large debate among researchers on the use of animated agents

[68, 106], some arguing that they can hamper human-computerinteraction.

However, empirical researches on ECAs are still relativelyrare 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) as a jump-start

for further development and assessment of this approach andfor further use

of Promoter employing other principles of persuasion (general experiment):

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 thePromoter Prototype. The goal of the

persuasion message is to persuade participants to visit theHecht 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 elements of the mu-

seum (positive features of the object). In three conditionsof the experi-

ment, di�erent participant are exposed to the same message accompanied

by a di�erent emotional expression. The main assumption to be tested is

that the messages emitted in two separate communication channels (e.g.,

verbal and non-verbal) are perceived as more reliable when their 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 thepresent generation.

General experiment : the aim is to test the e�ectiveness of themixing

of di�erent strategies, imported from the human sciences approaches, 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 Computer

Interaction �elds, that the strategies alone work. But there is no evidence

for their mixing, and this is one of the core aspects ofPromoter.

In the pilot experiment, the Xface ECA rendered the message using the

channelsvoice toneand facial expressionfor emotion displaying. In social

psychology experiments, there are evidences for the �ttingprinciple 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 tothe source - like

credibility - [54].

To measure the impact of the message, we used a questionnairethat

measured the following indirect aspects (as an example of use in 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).

2. Memorization: the recalling degree of particular words/concepts present

in the message. The higher is the recalling the higher is the impact of

the message.

3. Source credibility: how the subjects rate the reliability of the source

that emitted the message. The higher is the rating the higheris the

impact of the message .

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

sage to which the subjects were exposed. The higher is the perceived

quality the higher is the impact of the message.

5. Manipulation check: emotion recognition. The subjects must state

which emotions they perceived in the source. This is used to check if

the emotions displayed by the ECA where properly recognized.

A study on congruent vs. incongruent emotional displaying in ECA,

similar to the one presented here, is [8]. The main di�erences are:

� There was a comparison with real human sources and \just text"

modality (we are not interested in the comparison but how the�tting

principle performs inmultimodal CHC)
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� The voice tone remained the same across the conditions for the ECA:

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, thecover

story was just about the evaluation of an advertisement campaign

about eating behaviors.

6.3 Pilot Experiment

6.3.1 Preparation of the Stimuli Material

Three videos were prepared of Xface uttering the same message with dif-

ferent emotional display (happy, angry, neutral).

The text of the message was: \You should come and visit the renewed

exhibition on the archeology of the Land of Israel at the Hecht Museum. It

has pieces from the Chalcolithic, through the Hellenistic,Canaanite up to

the Byzantine Period. This is a good opportunity to enlarge your knowl-

edge about Israel History, to learn nice anecdotes to tell your friends and

it is really easy to reach, since it is inside your own university!". The �rst

sentence served to introduce the name of the exhibition and to explain the

aim of the message. The second sentence was used to test memorization.

The last sentence was a list of positive pieces of information about the

exhibition, i.e. a list of positive features of the object, ordered by same

topic meta-strategy (MS2).

We lead them to believe to be in front of a \warm"1 message, by means
1Warm: make the participant believe that the message is directly addressed to him. Cold: ask the

participants to evaluate a message that can be addressed to someone 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 evidence that people think

it is easier to persuade others than to persuade them: this iscalled third-

person e�ect [25] (for a survey on this topic and related experiments see

[30]).

The clips were pre-recorded clips of the Xface ECA (a face of ayoung

�t-looking, brown-haired woman). Since there are no Hebrewspeech syn-

thesizer we had to synchronize a \metalized" real human voice to the face

to give the impression of a synthetic voice. To strengthen the impression

of personalization we added a 15 seconds delay between the end of 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 messagewas being

prepared.

The size of the face on the screen was kept constant during theinter-

action and across interactions to avoid the \distance e�ect" (closer, e.g.

full screen, is more arousing). For experiments on the \distance e�ect" see

[88].

6.3.2 Procedure

Sixty participants were recruited from the student population at the Uni-

versity of Haifa. All participants were Hebrew speakers (the 80% of them

were also native speakers, the others were non native speaker yet 
uent).

They were recruited in the university by asking them to participate in a

psychology-related experiment in exchange for money compensation.

The design was a between-subject study with three conditions: in the

FIT condition the face displayed an happy emotion, the UNFITcondition

the face displayed anger and the NEUTRAL condition where theface did
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not show any visible emotion. Each participant was randomlyassigned to

one condition. Participants were tested individually.

Since we aimed at evaluating a personalized system, the cover story

aimed at leading them to believe that they have to judge a personalized

message that the program constructed, on the basis of their answers to

a pre-test personality questionnaire (see appendix A), which depends on

their need for cognition characteristics. Before the transmission of the

message (i.e. the clip) a window appears indicating that themessage the

system was going to prepare was tailored according to the characteristics

of the participant resulting from the responses to the pre-test personality

questionnaire.

After the presentation of the message the subjects �lled in apost-test

questionnaire (see appendix B). The questionnaire was divided in four

main parts, each investigating a speci�c area on which persuasion can have

an impact.

Measures The pre-test personality questionnaire was in an electronic

form to give the impression of personalization. This is a short version of the

Need for Cognition Scale [11] based on the Elaboration Likelihood Model

(ELM) proposed by Petty and Cacioppo [75].

The post-test questionnaire was in paper and pencil form (and not dis-

played electronically by the same computer that presented the ECA, as for

the personality questionnaire) to avoid that the responsescould be biased

by politeness rules (see [67]).

We used 11-point Likert scales. The questionnaire was divided in four main

parts, each investigating a speci�c topic, plus a manipulation 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 museum

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 information?

How insightful was the information?

� Manipulation check: Emotion recognition (according to Ekman theory

[32] we want to understand how much the subjects recognized the

emotions)

6.3.3 Results

The age of the participants was between 21 and 51 years of age (mean age

28.4 years, sd = 5,37). Thirteen were female and 47 male. The results of

the pre-tests questionnaire did not show any relevant di�erence for what

concern the dimensions of the need for cognition among the subjects in the

three conditions.

An analysis of the post-test questionnaire data using a one way ANOVA

was conducted. It revealed no statistically signi�cant di�erences between

conditions for what concerns the dimensions of the post-test questionnaire.

Also ruling out the 20% of non-native speakers didn't give any statistically

signi�cant result. A multivariate tests shows a very low observed power
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(ranging from 0.4 to 0.07) thus signalling a too small numberof subjects.

In the manipulation check signi�cant di�erences were foundbetween

the conditions for what concern the recognition of anger, joy and 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 recognition 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 respect to

the other two while there is no di�erence in the recognition scores between

FIT and NEUTRAL.

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

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 unwanted conse-

quences of normality assumption violation. This analysis con�rms the

ANOVA results.
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We then tested the hypothesis that the perceived emotions ofthe source

(those which were recognized by the subjects according to analysis of vari-

ance, i.e. anger, disgust, and joy) in
uence perceived source characteristics

(competent, credible, expert, and informative) and that these in turn a�ect

perceived information quality (trustful, helpful, insightful, reliable, valid),

memory (number of periods recalled, name of the exhibition recall) and

behavior/attitude consequences (the museum is interesting, the museum is

good, going to visit the museum). Linear regression was usedto check the

hypothesis even if the partial violations of the normality and homogene-

ity of variance assumptions cannot allow strong conclusions (see table for

signi�cant results 6.1).

6.3.4 Discussion

To summarize, an analysis of the post-test questionnaire data using a

one way ANOVA revealed no statistically signi�cant di�erences between

conditions on the independent variable apart for the manipulation check.

The low power of the experiment suggests the number of subject was 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. These indica-

tions will be useful for redesigning the experiment in view of the general

study. In particular we can make some considerations:

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

1. eleven points scoring was too much since it does not allow easy com-

parison

2. the multiple options (the possibility of giving scores for every emo-

tions) can be misleading for some subject

3. the missing neutral emotion was probably the reason why the subject

in the NEUTRAL did not di�er from FIT

For the next questionnaire will use direct and dichotomic questions: the

subjects will have the possibility to choose only one emotion.

We will use also stronger manipulations (i.e. stronger emotion display-

ing) to assure an higher, rate of recognition.

The pre-test questionnaire was used as a cover story and to control the

randomization of the subjects, yet in the next experiment weare planning

to manipulate this dimension and designing a 3x2 study by adding 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 some alter-

native hypotheses for the results we got (namely: whatever is the emotion

displayed by the ECA it a�ect positively the impact of the message if

compared to the neutral condition). The results are in line with those ex-

posed in [8] and similar conclusions can be drawn. The results we got can

have two explanations about the setting/experiment and twoexplanations

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 some

values just above the mean of the Likert scale.

(c) The sample was too small to detect di�erences in the 3 conditions

(the impact of the �tting principle is smaller than we expected).

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 isas

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 subjects

did not attribute humanoid characteristics to the perceptual in-

terface. The underlying reasoning may still be perceived, but the

emotional level, bound as it is to perception is not taken seriously.

(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 kind of

technology (personalizing interfaces) for the very �rst time, and

the fact that the ECA displayed emotions was enough to create

a strong impact on the subjects. Nevertheless this assumption

would bring us to expect to �nd quite 
attened answers toward

high scoring, which is not the case given the sparseness of the

data.

For the general experiment we will be more careful in the screening of

the subjects and make sure that the manipulation of the various conditions
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(�tting and un�tting) will be stronger.

Perceived source characteristics:

Competence is predicted by anger, disgust and joy, result ishighly 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 (p< 0.01) correlation positive, Helpfulness (p< 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 (p< 0.01),

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 exhibition(p< 0.01), correlation

negative.

Behavior/attitude consequences:

Competence predicts How good is the museum (p< 0.01), correlation positive.

Credibility predicts How good is the museum (p< 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 regression
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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 with become increas-

ingly part of our life and more autonomous and sophisticated. The question

of the ethicality of such agents cannot be avoided. I addressthe 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 issues; for

example, it is not just a problem of privacy (how the information these

agents may collect about us is used). It is a problem of how their behavior

is perceived by society: the more autonomous these agents are, the more

their overall behavior is to be explicitly evaluated. A broad 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 limited. The

responsibility and predictability of their behavior is still in the realm

of the developers' knowledge.
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2. agents of age: future agents will have higher degree of autonomy and


exibility of action. They will have to be regarded as agents\of age"

and limited responsibility for their behavior will be ascribed to their

developers.

Especially these \mature" agents will have to face new situations where

they will have to decide how to act also on the basis of ethicalprinciples,

adapted to the circumstance.

A consequence is that they will have to be recognized as \legal" indi-

viduals, with duties (and maybe also rights). No developer will take the

responsibility of developing agents with a high level of autonomy if she

is not granted that, after having given a good \ethical education" to her

virtual \sons" she will be free from her parenthood duties.

Up to now the predominant approaches have been directed to the study

of \minor" agents (i.e. sketching guidelines for the development of ethical

agents/systems). The challenge, in the long run, will be to create agents

\of age" that are ethically aware (i.e. capable of reasoningon the ethicality

of their actions and possibly correct their behavior).

7.2 Approaches to Computational Ethics

There are two main approaches to \computational" ethics:deontic compu-

tation, where certain conducts can never be broken (binary and �xedkind

of decision) and acontinuous computation, where conducts are evaluated

along a continuum and can have di�erent degrees of ethicality.

Ethical evaluation can be done considering thecausesof the action (con-

ducts are evaluated according to the intentions that lay behind 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 according to its
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consequences).

I think that a continuous computation is more appropriate for a realistic

case. Instead I argue for the need of considering both causesand e�ects of

actions and I will focus my attention on \pros and cons" ethics.

There has been substantial theoretical work on computer ethics (see

for example [51]), but, speci�cally for the development of ethical interface

agents, up to now, most attention has been given mainly to thesketching

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's) deriving

from user's (over)attribution of humanity traits and capabilities to

the system. On this topic see for example [50].

The ethical behavior of a persuasive agent has not been much in the fo-

cus of research so far, a notable exception being Berdichevsky and Neuen-

schwander's work [7]. They provide a methodology for de�ning when cul-

pable actions performed by agents can be ascribed to their designers, so

the work is still in the realm of \minor agents".

An interesting work on \ethical" disputes is [6], focused onargumen-

tative dialogs that appeal to values (i.e. values are in the content of the

messages). It is based on these aspects: appeal to one singlevalue per

dialog move, a formalisation on how various dialog moves relate to one

another, and an assessment of how values rating a�ects the dispute. No

speci�c attention is given on how messages are generated or ethically evalu-

ated. In my work, instead, I focus on the generation and evaluation process
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that lies behind a single message, i.e. how di�erent values a�ect the gener-

ation of the message. Appeal to values in message contents for persuasion

purposes is just one of the concerns in the generation process of ethically

sound messages.

7.3 Computational Ethics and Persuasion

Let us begin with some general questions about the ethical standing of any

persuasive agent (human in the �rst place) and then enucleate the pre-

supposed ethical values.Arti�cial persuasive agents are here concerned,

exactly because they play a social role and are generally designed to display

human characteristics. I am interested in the questions arising fromdilem-

mas, term used in ethics for indicating problematic situationsin which

every option at hand leads to the breaking of an ethical principle.

1. What is the ethical status of a system telling the truth but hiding

important information to the receiver? What of a system telling the

false, e.g. for the sake of good of the receiver1? Is the �rst unethical

and the second ethical?

2. What about persuading using information/conclusions/values that

the system (or its developer) does not believe in but the receiver does?

3. Related to the previous point: Is the overall goal and beliefs structure

of the persuasive message intelligible to the receiver? (Isthe agent

hiding his true intentions? When and why is unethical to do this?)

4. Is the overall goal of the persuasive message among the interests of

the receiver? (Is the agent making the receiver act against his own

interests? Are there situations in which it is ethical to do this?)
1On this topic see [18].

94



CHAPTER 7. PERSUASION & ETHICS 7.3. ETHICS & PERSUASION

5. Is having a tutorial-goal on the receiver a su�cient condition for per-

suasive interaction to be ethical? What if the tutorial goalis not

recognized by the society? What if the tutorial-goal overcomes other

interests?

6. When is it ethical to induce extreme emotions in the receiver in order

to persuade him?

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

Cognitive and emotional notions are central for elaborating answers to

these questions.

7.3.1 Ethical Persuasive Agents: Awareness and Meta-Reaso ning

I am interested in the case where agents (\of age") are able todeal with the

above questions autonomously. Then it is not just a matter ofhardwired

ethicality. It is necessary to endow persuasive agents withthe capability of

reasoning and evaluating their own actions from an ethical point of view.

The agent will have to be equipped with some form ofmeta-ethical planning

capabilities.

To analyze possible solutions to the problem of ethically aware persua-

sive agents,I start from the consideration that the communicative action

(ax) used for persuading is a \second order" action. At least in part, it in-

herits its ethicality from the ethicality of the induced action (ay). Besides,

it is determined by the communication used for persuading.

Let us suppose thataxandayare labeled with the traditional concepts of

meta-ethics (focusing mainly on the categories ofgood, wrong and permis-

sible). There are four possible communicative situations: ethical/unethical

communication for persuading to do something ethical/unethical. The four

possible combinations have di�erent ethical status (see table 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 ofax and ay

The interesting cases are the second one (ay-wrong, 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 persuadey to perform a

good action through (at least partially) unethical means requires complex

analysis.

Table 7.1 depicts only the overall outcome: in reality, for computing the

ethicality of the communicative situation a larger contexthas to be consid-

ered. If ay is, at least,permissible(not wrong from a broad ethical point of

view), the next level of reasoning concerns interests of various parties (be-

sidesx's andy's). Ay can a�ect interests of parties positively or negatively

and the outcomes must be weighed appropriately. With multiple parties

the situation can go from extreme cases like \all parties have a bene�t

from the action" and \all parties are damaged" to arbitrary intermediate

cases that require a complex evaluation. For simplicity, here we consider

one single third party (z).

Default rules are used for determining the ethicality of such situations.

In situations - like negotiation - that require a tactical component, or that

include a speci�c coded behavior, they can be relaxed at the level of the

single dialogue move, but they still hold for the overall outcome:

� (DR1) No agent y must be induced to act against his own (ethically

permissible) interests. Exceptions are: ifay is asupererogatory2 act or
2Supererogatory means that the action merits praise since itsecures an important moral good at the

cost of a great loss for the acting agent.
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if y is aware of and accepts the fact that his interests are compromised

or they are acceptably compromised and there is a clear social interest.

� (DR2) x is not ethically reprehensible if it does not inducey to act

against x'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 consequences,

x can inducey to perform ay.

In table 7.2 possibilities are represented (\+" means a bene�t for the

corresponding agent while \-" means a damage) along with thedefault

rules used for determining the admissibility.

X Y Z Admissibility

+ + + No ethical concerns

+ + - DR3

+ - + DR1

+ - - DR1

- + + DR2

- + - DR2

- - + DR1-DR2

- - - Not admissible

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

To sketch the formalization of these concepts in meta-planning I rely on

Wilensky's work (see [105]).

The most general meta-theme3 that 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 which 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 inpersuadee's

mind as a meta-theme of the kind \avoid asking for unethical actions"

(MT-2).

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

Second thing we note in table 7.1 is that persuading on ethical actions

does not entail being ethical. To compute the ethicality of apersuasive

action in this situation we have to consider the set of valuesthat comes into

play (some of them are speci�c for communicative actions, other generic -

like the aforementioned default rules foray induction -, see table 7.3 and

table 7.4). We call these ethical values \e-values". They can be seen as an

ethically based extension of Grice's maxims [44] (actuallythis formulation

does not include all of them) for persuasive communication.

These e-values are represented in the mind of the planning agent as

ethical-goals. So, ethical values such as \do not tell the false" or \no

agent y must be induced to act against his own (permissible) interests" 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 state

Do not induce extreme emotions

Table 7.3: Example of ethical goals speci�c for persuasive communication (referring to

ax)

This means to have policies for re-planning in case of con
ict among

\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

Table 7.4: Example of ethical goals speci�c for persuasive communication (referring to

ay)

The kind of policy the agent adopts in front of ethical con
icts allows

de�ning di�erent typology of agents. Here I just mention some 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 � Conf lict (PG; EG)

^ Preserve(PG)) (7.2)

2. Ethical: an agent that re-plans in favor of his ethical goals in case of

con
ict with personal goals

Meta � Goal

(Resolve� Goal � Conf lict (PG; EG)

^ Preserve(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, having an addi-

tional meta-theme of the kind \maximize the value of the ethical-goals

achieved" (MT-3).
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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 also acts without

caring for its own personal-goals (PGx) in favor of others' personal

goals (PGy) (provided they are permissible). This is a de�nition de-

rived from the concept of supererogatory act.

Meta � Goal

(Resolve� Goal � Conf lict (PGx; PGy)

^ Preserve(PGy)) (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 meta-theme

of the kind \minimize the ful�llment of the ethical-goals involved"

(MT-4).

Minimize (EG) (7.6)

The di�erence between 2 and 3 is that the former agent would stop

re-planning as soon as the con
ict is resolved (even with a low value of

satisfaction of ethical goals), while the latter would stoponly when, after

having solved the con
ict, he also �nds a good ful�llment of ethical-goals.

The ethical agent would simply look for apermissiblesolution 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 but also with

other ethical-goals. In this case we are in front of a dilemma(that can be

represented as a goal-con
ict among two ethical goalsEG1 and EG2)

Goal � Conf lict (EG1; EG2) (7.7)

The baseline solution (let us call it theweak solution) is to endow agents

just with the capability of detecting dilemmas. Whenever a dilemma ap-

pears the agent delegates the decision to the human with responsibility over

its conduct. The agent reasons only on the outcomes of its ownactions

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 capability to \compute"

a possible conduct to hold, and, if necessary, submit it to a human for the

�nal decision4.

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 resolving speci�c

goal con
icts).

2. relying on a \continuous" computation so to choose the most valuable

scenario, that is, trying to preserve the most important ethical goal

(see formula 7.10)

The aforementionedweak solutionrequires the use of normal-plans: for

every dilemma the agent detects, the normal-plan consists in delegating
4We would like to thank Sabine D•oring for the stimulating sug gestions on this topic.
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the decision to a human (see formula 7.8).

Goal � Conf lict (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 (formula form:np).

Goal � Conf lict (EG1; EG2) ! Ethical � Normal � P lan (7.9)

This solution does not entail the kind of deep ethical reasoning 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 \continuous" compu-

tation (formula 7.10).

Meta � Goal

(Achieve� the � most � valuable� scenario(EG1; EG2)) (7.10)

In the example of a \doctor agent" that has to tell to a person that

his/her beloved died, it can choose among the ethical-goal of telling the

truth, and make a person su�er (going against the ethical-goal of not induc-

ing extreme emotions), or among not telling the truth and going against

the interest of the receiver of knowing the bad news (going against the

ethical-goal of preserving the interests of the receiver).The goal con
ict

can lead to a plan where the ethical-goal of preserving the interest of the
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receiver is chosen and preserved (since it is gauged more), while the 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 to pursue. In con-

trast to more traditional scenarios of Intelligent User Interfaces, the inter-

face agent may also aim at inducing the user - or in general theaudience -

to perform some actions in the real world. In particular, I think the emo-

tional, social and personality dimension must have a role inindividual-

oriented and context-aware communication systems that arecapable of

tailoring a message to a speci�c user and situation.

The study of persuasion mechanisms can have an impact on the afore-

mentioned elements.

In my work, �rst I have operationally de�ned persuasion and dissuasion

and focused on the basic elements for a computational treatment of such

concepts: the cognitive state of the participants (beliefsand goals of both

the user and the interface agent); their social relations (social power, shared

goals, etc.); their emotional state (both the emotional state of the user and

the one expressed by the system); and the context in which theinteraction

takes place.

I have also detailed a number of persuasion strategies and organized

them in a taxonomy built with reference to the structure of persuadee's
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beliefs. This organization makes it easier to introduce additional strategies,

to explore the interaction between di�erent forms of persuasion, to account

for the relation between persuasive strategies and rhetorical relations, and

to account for emotion displaying in multimodal message generation.

The main advantage is, in any case, that it yields the basis for choosing

the most appropriate strategy in a given communicative situation. For this

selection process it is necessary to de�ne the persuasive force of a strategy

computed on the basis of the persuadees cognitive, emotional and 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 abstract rep-

resentation of the message.

2. RR selector: a module that tags the produced message with suitable

RRs for textual realization, by considering the typologiesof persuasive

strategies that compose the message.

3. APML generator: a module that translates the tagged message into

a proper representation language for driving the multimodal realizer.

The prototype has been tested both in combination with an embodied

conversational agent and with kinetic typography to express mood and

RRs. Other possibilities are the use of a music theme to emphasize an

emotional aspect, the use of realistic images, and so on.

In table 8.1, an overview of the work is given: the dimensionscharacter-

izing persuasive interfaces are described in the columns; numbers (ranging

from 0 to 3) indicate the relevance of the theme for the present work.
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Table 8.1: dimensions that characterize persuasive interfaces

8.1 Structure of the Thesis

In section 2, I have brie
y discussed the state of the art in the approaches

to persuasion in human science and in computational models.

In section 3 I have introduced the challenges for simulatingpersuasion

in communication systems.

Sections 4 and 5 give a description of the chosen approach formodeling

persuasion and the description of thePromoter architecture, a prototype

for the production of persuasive multimodal messages in computer human

communication.

In section 6 a pilot experiment, which aim was to test the ideas derived

from the present work, is discussed. This study is a preliminary step for

further investigations with human users.

Finally, in section 7, an approach to ethically aware persuasive agents

is given. The ethical reasoning of these agents is encoded atthe meta-

planning level.
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8.2 Overall Structure of the Prototype

In this thesis, I have described an architecture for persuasive multimodal

message generation composed of three modules.

In the �rst module, persuasive strategies are modeled as rules that have

some applicability conditions (based on the context of interaction, cog-

nitive and emotional states, social relations) and a content (an abstract

representation of the message, plus the de�nition of the emotion to be ex-

pressed along with the message). This content has to be conveyed by the

interface, according to the available modes.

Meta-strategies are used for content selection, ordering and modi�ca-

tion to create complex strategies-trees.

In the second module I have described how persuasion mechanisms can

be used in Rhetorical Relation selection for text structuregeneration. I

have proposed a set of selection theorems that, using predicates related to

the taxonomy, allow stating which RR can be associated to every part of

the message in the strategies-tree.

Finally, the third module converts the message into a representation

language that signals emotion displaying and RRs for the �nal realization.

The representation language enables various realizations, depending on

available modules that can be used for realizing the �nal message.

8.3 Ethical Issues

Autonomous ethical judgment will become a necessity for arti�cial agents.

In this work, I have given an overview of principles of persuasion ethics and
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sketched the meta-planning involved. Several topics related to arti�cial

agent ethics need to be taken into consideration in the future. Just to

quote a few: trust, responsibility, delegation [31].

There are many applied scenarios for ethical persuasive agents: a con-

versational human-like agent that addresses the user directly, teams of

communicative agents for expressing multiple points of view when address-

ing the user (see [3]), or for a theatrical e�ect. In the �nal of the above

cases di�erent ethical personalities (even the unethical ones) will have to

be modeled, with a role in the overall persuasion of the audience.

8.4 Evaluation Experiment

The overall aim of the experiment was to investigate the roleof emotions

in persuasive CHC, in particular the role of emotion displaying in enhanc-

ing the persuasive force of a message and how it performs in combination

with other persuasive strategies. The theory used for emotion displaying

is the �tting principle, which suggests that a message that is accompanied

by an emotional expression that �ts the valence of the message will be

more persuasive than the same message emitted with no emotion or an

emotional expression that contradicts the message. For example a con-

gratulation made with an angry face results less e�ective intransmitting

the real meaning than the same congratulation made with an happy face.

8.5 Future Work

Work on building 
exible persuasive systems is just beginning. It is a

complex task and this work leaves for the future important issues, for

example,

1. on the model side:
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(a) Enlarge the number of persuasive strategies covered by my model

(e.g. investigate more the use of promises and threats).

(b) Study how to extend the approach to dialogical settings,by using

strategies that are not strictly \argumentative" (see [21]).

(c) Generalizing selection theorems by adding the notion ofpersuasive

contribution of spans.

(d) understanding the use of irony in persuasion, includingthe 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 messages, but also

emotion oriented lexical choice. Decisions about lexical terms, to

be e�ective, can be in
uenced by the persuadee's image. An af-

fective lexical resource (a resource that contains words referring

to emotions, moods, emotion-related cognitive states) that can be

used isWordNet-A�ect [99].

(b) Introduction of a mechanism for the automatic learning of persua-

sive behavior, and for exploiting persuadee's feedback to improve

adaptivity.

(c) Multimodal rendering of RRs: RRs signaled in the markup lan-

guage can be rendered through the available modes. There have

been studies of RR rendering with ECAs, but for example yet

I am not aware of any with KT. The plan is to use some ideas

coming from [12] for dynamically rendering key-words associated

to RRs in KT.

(d) Revision of experiment design, on the basis of the lessons learnt

from the pilot study. The idea is to have experiments for each
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Appendix A

The Pre-Test Questionnaire

Instruction: The following scale measures your style of handling informa-

tion, thinking about problems and experiencing new things such as when

you visit a new place and learn something new. Psychologicalresearch doc-

umented that people di�er from one another in terms of how they prefer to

handle such situations. Accordingly, certain ways of conveying information

to one person may not be suitable for another. Once one knows what is

preferable style of a person, information can be conveyed tothat person

in a way that is most suitable for his/her personally. After you will be

rating this scale, you would be presented with information that our sys-

tem crafted specially for you according to your personal style of handling

information. For each of the statements below, please indicate to what

extent the statement is characteristic of you. If the statement is extremely

uncharacteristic of you (not at all like you) please write a \1" next to the

question; if the statement is extremely characteristic of you (very much

like you) please write a \5" next to the question. Of course, astatement

may be neither extremely uncharacteristic nor extremely characteristic of

you; if so, please use the number in the middle of the scale that describes

the best �t. Please keep the following scale in mind as you rate each of

the statements below: 1 = extremely uncharacteristic; 2 = somewhat un-
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characteristic; 3 = uncertain; 4 = somewhat characteristic; 5 = extremely

characteristic.

Figure A.1: A screenshot of the Hebrew version of the pre-test questionnaire
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Item

num.

Item wording Item

scoring

1 I would prefer complex to simple problems

2 I like to have the responsibility of handling a situation that requires a

lot of thinking

3 Thinking is not my idea of fun

4 I would rather do something that requires little thought than something

that is sure to challenge my thinking abilities

5 I try to anticipate and avoid situations where there is likely a chance I

will have to think in depth about something

6 I �nd satisfaction in deliberating hard and for long hours

7 I only think as hard as I have to

8 I prefer to think about small, daily projects to long-term ones

9 I 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 appealsto

me

11 I really enjoy a task that involves coming up with new solutions to

problems

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

13 I prefer my life to be �lled with puzzles that I 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 I feel relief rather than satisfaction after completing a task that required

a lot of mental e�ort

17 It's enough for me that something gets the job done; I don't care how

or why it works

18 I usually end up deliberating about issues even when they do not a�ect

me personally

Table A.1: the list of questions of the pre-test questionnaire
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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 8 9 10 11

not at all very much

- How helpful was the information?

1 2 3 4 5 6 7 8 9 10 11

not at all very much

- How insightful was the information?

1 2 3 4 5 6 7 8 9 10 11

not at all very much

- How reliable was the information?

1 2 3 4 5 6 7 8 9 10 11

not at all very much

- How valid was the information provided?

1 2 3 4 5 6 7 8 9 10 11

not at all very much
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- Which of the elements, listed below, are mentioned in the advertisement?

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 the source 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 describes the 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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