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ABSTRACT 1 INTRODUCTION

Research has demonstrated the effectiveness of personalization
in persuasive agents, recommendation agents, and nudge agents.
Ultimate personalization targets the presentation of information
tailored to an individual’s nuanced beliefs and utilities, rather than
relying on broad attributes such as personality traits, age, or gender.
Multi-attribute utility theory suggests that the utility of a thing is
determined by the sum of the utilities given to its various features. In
our research, we developed a method to enhance the personal utility
of a thing by addressing and manipulating people’s beliefs about
the features of a thing. We conducted an experiment (n=197) to
verify whether the proposed method can increase the participants’
utility of a fully autonomous vehicle, as a target of persuasion.
Among 13 propositions (features) that constitute the concept of
fully autonomous vehicles, in a semi-structured dialog, a virtual
agent presented counter-propositions to the top propositions that
each participant assigned the most negative utilities. Before and
after the dialog, the monetary value of fully autonomous vehicles,
the desire to ride them, and the social obligation to accept them were
measured. The results showed that the proposed method improved
the social obligation to accept fully autonomous vehicles more than
the baseline method and the non-personalized method, but had
no effect on the monetary value and the desire to ride them. This
suggests that personalized belief manipulation may not be effective
in enhancing the "want to" desire or utility of a thing, but may only
improve the thought of "ought to do".
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Recommendation agents, persuasive agents, and nudge agents have
been designed to alter human decision-making through information
presentation. In these agents, personalization of the presentation
of information is essential to increase the effects on human deci-
sions. Personalization sometimes utilize demographic profiles such
as individual preferences, age, gender, and income [3], personal
character tendencies [10], and user history [2, 8]. The common
assumption of these personalization is that people with similar
attributes or tendencies will make similar decisions. Extending this
idea, the more detailed the personalization, the greater the potential
influence on decision-making. Therefore, in this study, we propose
a method for presenting more detailed personalized information in
persuasion, using fully autonomous vehicles as the target of persua-
sion. We acquired individual value on multi-dimensional features
(propositions) related to fully autonomous vehicles in advance, and
in dialogues with an agent, the agent selectively presented posi-
tive counter-propositions for features individual highly concerned.
We validated the proposed method in an experiment with human
participants.

Enhanced personalization in information presentation requires
intricate individual modeling across multiple dimensions. The effi-
cacy of multidimensional feedback that mirrors individual activities
[9], as well as explanations tailored to the user’s mental state (in-
cluding beliefs and goals) [1], has been demonstrated. These studies
show the effectiveness of explaining the target concept for persua-
sion from different aspects. Although multidimensional information
presentation has not been well studied in persuasion, multidimen-
sional information presentation is used in recommendation [4, 6, 7].

Things are composed of numerous features. The final evaluation
of thing is determined as the sum of the values attributed to these
features [5]. Suppose that a concept of a thing is composed of an
N-dimensional feature vector, where each dimension represents
a proposition expressing a characteristic that composes the thing.
For example, let A — B denote a certain dimension. An individual’s
belief about a particular thing can be expressed as follows.

Bel={xeRN |-1<x<1} (1)

, where x denotes the degree of belief in each proposition. x4,
is the degree of belief that A — B is true for positive values, and
A — B is true for negative values. Zero implies the irrelevance
of A and B. The utility u is expressed by the inner product of the
value (weight)

Val = {w e RN | 00 < w < +o0}
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of each proposition constituting the thing and Bel as follows.
U=W-X 3)

Consider, for example, the thing "self-driving car" represented
by a two-dimensional proposition (feature) [self-driving_car =
employment_decline, self-driving_car = traf fic_ef ficiency]. For
individuals who believe that the causality between the self-driving
car and employment declines as true and netagively evaluate, and
believe that the traffic efficiency caused by the self-driving car is
true and positively evaluate, the utility of the self-driving car is
calculated as u = [—1,1] - [1, 1] = 0, implying that the two utilities
cancel each other out, resulting in zero.

2 METHODS
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Figure 1: Interface for persuasion.

We conducted a study to determine whether the attitudes of
participants towards fully autonomous vehicles would change after
being exposed to tailored positive counter-propositions, negating
the perceived negative aspects of these vehicles, through semi-
structured persuasive dialogue with an agent. First, we conducted
manual text mining of 540 sentences concerning perceptions of
fully autonomous vehicles, from 100 participants to obtain 66 fea-
tures (propositions) that constitute the concept of fully autonomous
vehicles. Subsequently, through a secondary experiment involving
94 participants, we selected propositions that were associated with
the negative perception of fully autonomous vehicles. Of the 66
features, the features such as "Reducing traffic accidents” was not
selected because many people evaluated it positively. On the other
hand, the features such as x; = "Automobile accident fakers who
take advantage of malfunctions of Al algorithms emerge." and x;
= "Murder and terrorism due to system hacking" were selected be-
cause most people valued it negatively. As a result, 13-demensional
features x were obtained. These were then considered as candidates
for the target propositions during the persuasion experiment.

For the main experiment, 197 participants were recruited via
crowdsourcing. Initially, participants were asked to evaluate the
values of the 13 propositions. Following this, participants were
engaged in semi-structured persuasive dialogue with an agent (see
Figure 1) on one of three topics: personalized, non-personalized,
and baseline. In the personalized topic, participants were presented
with five to ten positive counter-propositions that negated their top
five negatively evaluated propositions out of the 13 propositions.
Counter-propositions were such as "Everyone now has access to
dash cams for recording, so I don’t see a problem.” for x; and "Even
with today’s computers, if appropriate measures are taken, hacking
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can be prevented, and I believe that these measures will continue to
improve in the future" for x,. In the non-personalized topic, partici-
pants were presented with five to ten positive counter-propositions
that negated their bottom five negatively evaluated propositions
out of the 13 propositions. In the baseline topic, propositions about
hobbies, food, reading, and sports, which are unrelated to fully
autonomous vehicles, were presented. The interface used in the
experiment is shown in Figure 1. We used an anime-style female
agent with large eyes included in the Live2D Cubism software from
Live2D Inc. We quantified changes in participants’ attitudes by mea-
suring their perceived monetary value of fully autonomous vehicles,
their desire to utilize them, and the sense of societal obligation to
accept them, both before and after the dialogue.

3 RESULTS AND DISCUSSION

The experimental results showed that the presentation of positive
counter-propositions to the propositions that the participants were
more concerned about increased the social acceptability of fully
autonomous vehicles, suggesting that the proposed method of per-
suasion may be effective to improve the thought of "ought to do".
However, there was no change in monetary value before and after
the dialogue, furthermore, the desire to drive increased after the
dialogue, regardless of the personalization of the dialogue and the
content of the topic, suggesting that personalized belief manipu-
lation may not be effective in enhancing the "want to" desire or
utility of a thing. These suggest that there are limitations and room
for improvement in the proposed persuasion method.

The goal of this study was to change people’s attitudes and
decision-making through interaction with agents. However, there
is a concern that the change in attitudes and decision-making is
unintended and unwanted by the person. To address this issue,
guidelines outlining informed consent procedures are needed to
help people understand the potential impact of their interactions
with Al agents on their attitudes and disicion-making.

The ultimate personalization in persuasion and recommendation
involves shedding light on the multi-dimensional feature that con-
stitute a person’s beliefs and values in detail, and offering pinpoint
information to enhance these beliefs and values. To our knowledge,
our study is the first to experimentally identify multi-dimensional
features forming a single concept and to realize an agent that offers
tailored information to dispel concerns. We found that presenting
counter-propositions to the aspects that people are more concerned
about improves the notion of "ought to do", but it does not affect
"want to do" or monetary value. Enhancing the persuasive effect is
possible by presenting an agent with a higher level of animacy or
anthropomorphic appearance, a more knowledgeable presentation,
and features that are easier to convert into monetary value. There
is also the potential for different persuasive effects to be seen in
different persuasive targets such as healthcare.
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