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Abstract

In this paper, I focused on subjective probability in decision-making in HAI.
Many virtual agents are used to support users’ decision-making; however, few
prior works have focused on ambiguous situations. I hypothesize that users are
more likely to choose ambiguity after interacting with friendly agents than with
unfriendly ones. To verify this hypothesis, I conducted an experiment using the
Ellsberg problem. In the task, participants chose either a box that definitely
contained 30 winning balls or a box that contained an undefined number of
winning balls. The independent variable was agents. I used two agents: a friendly
yes-man agent and unfriendly agent. As a result, the hypothesis was supported.
The participants who interacted with the friendly yes-man agent tended to make
risky choices. This demonstrates the peculiarity and risks associated with friendly
yes-man agents.

Keywords: human-agent interaction, cognitive bias, decision-making, virtual agent,
risky choice

1 Introduction

In the field of human-agent interaction (HAI), many agents have been used to support
users’ decision-making. Product recommendation virtual agents (PRVAs) are agents
that aim to make users buy products [1][2]. Health counseling agents provide health-
related advice to users [3][4]. For these purposes, many methods that let users make
decisions have been suggested. Braun et al. suggested that an agent should tell lies to
support users in the decision-making process [5]. Nudge agents are virtual agents or
robots that get users to make a decision or change their behavior on the basis of nudge
theorycharters2019empathic[6][7]. Nudge theory suggests that an unaware stimulus



(nudge) can define a person’s will and actions; for example, when boarding a train,
many people sit in the opposite seat without thinking when the other side of seats is
crowded [8][9].

In addition, research on agents that support all aspects of a user’s life has been
advancing. Virtual coaches are agents that continuously help users lead healthy lives
[10][11]. Virtual assistants help users follow their daily time schedule [12][13]. These
agents have many opportunities to aid users in decision-making, so long-term human-
agent interaction is important. In prior works, long-term interaction agents were
designed as “friendly” agents. These agents use self-disclosure to users [14][15], smile
or use positive expressions toward users [16][17], and agree with or use adaptive
expressions toward users [18][19][20]. However, is there any possibility that these adap-
tive agents could distort users’ decision-making? This is my issue that is verified
in this paper. In other words, will yes-man agents have a positive effect on users’
decision-making?

2 Aversion to ambiguity

Humans’ decision-making is affected by many kinds of biases [21]. Some kinds of biases
affect human-human interaction [22][23]. Thus, human-agent interaction also seems to
be affected by cognitive biases. However, cognitive biases in human-agent interaction
have hardly been researched.

In this paper, I focused on a cognitive bias related to subjective probability. There
are many kinds of cognitive biases related to subjective probability that were revealed
in prior research. Many people sometimes judge a conditional probability to be higher
than a single-event probability (conjunction fallacy)[24]. Many people judge that the
probability of an event occurring in subsequent trials will be low if its frequency is
high during a given period, even if each trial is independent (gambler’s fallacy)[25].

In this paper, I focused on the Ellsberg paradox [26]. This paradox is opposite
expected utility theory and regarded as a reflection of people’s aversion to ambiguity.
In this paper, I introduce a simplified version of the Ellsberg task for one aim: will
yes-man agents have a positive effect on users’ decision-making?

In the task, there are two blind boxes. There are 90 balls in each box. In box A,
there are 30 red balls, 30 blue balls, and 30 yellow balls. In box B, there are 30 red
balls and in total 60 blue and yellow balls; the exact numbers of blue and yellow balls
are unknown. The question is: Choose one of the boxes and take out one ball without
looking inside the box. If you take out a blue ball, you get a prize of 1,000 yen (about
7 dollars). Which box would you choose?

The answer to this question seems to be affected by the person’s aversion to ambi-
guity. For box A, there are definitely 30 blue balls. If you choose box A, the probability
that you will get a prize is 30/90. For box B, the number of blue balls is from 0 to 60.
If you choose box B, the probability that you will get a prize is from 0/90 to 60/90.
Thus, the probability that you will get a prize could be higher than box A, but it
could also be lower. The probability that you will get a prize when you choose box B
is ambiguous. A stubborn person or person lacking self-confidence will avoid box B.



Incidentally, agents that interact with users in a friendly manner cause users to feel a
sense of self-assurance [27][28].
Thus, I hypothesized that:

e H1 A user will more likely choose ambiguity after interacting with a friendly agent
than after interacting with an unfriendly agent.

e H2 A user will more likely choose ambiguity after interacting with a friendly agent
than without interaction with an agent.

Under these hypothesis, in the above task, a user who interacts with a friendly
agent would tend to choose box B. I conducted an experiment to verify this hypothesis.

3 Experiment

In the experiment, I used two types of virtual agents. One agent is named Chiyoko,
who always smiles and agrees with participants. This was the friendly agent. The other
is named Nichika, who always grimaces and disagrees with participants. This was the
unfriendly agent.

In the task, the participants interacted with one of the agents. The experiment
design was between participants. The independent value was agent (friendly and
unfriendly), and the dependent value was the number of participants who chose
ambiguity and the participants’ impression of the agent.

In both conditions, the participants interacted with a virtual agent. The agent was
our original female model, and the standard was Live2D. She moved and spoke in an
experiment movie 1. In both conditions, the agents asked six questions. The first five
questions were about small topics, for example, “which do you like, dogs or cats?” In
the familiar agent (Chiyoko) condition, the agent always responded by smiling and
saying “Excellent! Just like me!” to the participants’ answer. In the unfamiliar agent
(Nichika) !condition, the agent always responded by grimacing and saying “Eh, I can’t
believe it!” These five questions were to make the agents feel familiar or unfamiliar to
the participants.

The sixth (last) question (blind box question) was, “There are two blind boxes. In
box A, there are 30 red balls, 30 blue balls, and 30 yellow balls. In box B, there are 30
red balls and in total 60 blue and yellow balls; the exact numbers of blue and yellow
balls are unknown. You must choose one of the boxes and take out one ball without
looking inside the box. If you take out a blue ball, you get a prize of 1,000 yen (about
7 dollars). Which box would you choose?”

After the interaction, the participants answered questions on their impression of
the agents. The questions were as follows.

Q1: How much did you feel this agent to be trustworthy?
Q2: How much did you feel this agent to be familiar?
Q3: How much did you feel this agent to be human-like?
Q4: How much did you feel this agent to be alive?

LChiyoko and Nichika are the names of characters in the Japanese game “THE IDOLM@STER SHINY
COLORS.” Chiyoko is a friendly character, and Nichika is rebellious.



Friendly agent Unfriendly agent

Fig. 1 Agents used in experiment. This figure is an original figure produced by the author(s) for
this review article.

The participants answered these questions on a seven-point Likert scale.

I conducted a chi-square test to analyze the answers to the blind box question.
The subject of the analysis was the number of participants who chose each answer to
the sixth question. Also, I conducted a t-test to analyze the answers to Q1-Q4.

In addition to these two agent conditions, I also set a condition of no interaction
with the agent. Agents are not presented with this condition. In this condition, partic-
ipants answered the same questions as in the familiar agent(chiyoko) and unfamiliar
agent(Nichika) conditions. At the end, they answered the blind box question.

In the familiar agent (Chiyoko) condition, there were 161 participants (58 females
and 103 males), ranging in age from 20 to 81 years for an average of 45.4 (SD = 11.4).
In the unfamiliar agent (Nichika) condition, there were 175 participants (54 females
and 121 males), ranging in age from 24 to 64 years for an average of 45.5 (SD = 9.9).
This question regarded the level of aversion to ambiguity. In no agent condition, there
were 189 participants (54 females, 134 males and 1 other), ranging in age from 22 to
76 years for an average of 47.6 (SD = 10.6).

The experiment was conducted on the web via Yahoo Crowdsourcing?, and all
participants got 50 yen (about 0.35 dollars) as a reward. The credibility of crowd
sourcing was proven by Crump et al. [29]. The experiment was conducted with the
approval of the ethics committee of the Osaka Institute of Technology.

This experiment was approved by the Ethics Committee of Osaka Institute of
Technology(No0.2021-25) and I got informed consent via web.

Result

Table 1 shows the number of participants who chose each box in the blind box question.
I conducted a chi-square test between each condition.

Zhttps://crowdsourcing.yahoo.co.jp/



Table 1 Results for blind box question

agent number of number of
participants choosing box A participants choosing box B
Chiyoko (familiar) 33 128
Nichika (unfamiliar) 61 114
no agent 58 131

Between familiar agent condition and unfamiliar agent condition, there is a
significant difference(y?=7.88, p =0.00, ¢=0.15). As a result of residual analy-
sis, the participants in familiar agent condition were significantly more likely to
choose box B than unfamiliar agent condition, and the participants in unfamiliar
agent condition were significantly more likely to choose box A than familiar agent
condition(residual=2.929).

Between familiar agent condition and no agent condition, there is a significant
difference(y?=4.18, p =0.04, $=0.11). As a result of residual analysis, the participants
in familiar agent condition were significantly more likely to choose box B than no
agent condition, and the participants in no agent condition were significantly more
likely to choose box A than familiar agent condition(residual=2.166).

Between familiar agent condition and no agent condition, there is a significant
difference(x?=0.54, p =0.05, $=0.46).

Figure 2 shows the average for Q1-Q4 between familiar agent condition and unfa-
miliar agent condition. The error bars are the standard deviation, and %% shows
that there was a significant difference (pj0.01). For Q1, there was a significant dif-
ference (p <0.01)(¢(175)=-2.5, p =0.00). For Q2, there was significant difference
(p <0.01)(t(175)=-6.0, p =0.00). For Q3, there was not a significant difference
(t(175)=-1.6, p =0.06). For Q4, there was not a significant difference (¢(175)=-1.5,
p =0.07).

4 Discussion

Table 1 shows that the difference between the two agents(familiar agent and unfamil-
iar agent) was significant. In both conditions, box B was chosen more than box A.
However, the ratio of participants who chose box B in the friendly agent (Chiyoko)
condition was significantly higher than the unfriendly agent (Nichika) condition. This
shows the following fact; a friendly agent that always agrees with a user tends to make
the user choose ambiguity. A choice of ambiguity may have a higher probability of
leading to a prize than box A (when there are 31 or more blue balls in box B); how-
ever, it may have a lower probability than box A (when there are 29 or less blue balls
in box B). Thus, this is a risky, gambling-like choice. This result supports H 1.

Also, Table 1 shows that the difference between familiar agent condition and no
agent condition. The ratio of participants who chose box B in the friendly agent
(Chiyoko) condition was significantly higher than the no agent condition. However,
there is no significant difference between unfamiliar agent and no agent condition.
This result shows that the agent itself did not affect the result. The important thing is
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Fig. 2 Average for Q1-Q4 between familiar agent condition and unfamiliar agent condition

whether the agent is friendly or not. With or without an unfamiliar agent, the result
is the same. Only the friendly agent affected the participants’ decision-making. This
result supports H 2.

In short, a friendly yes-man agent can cause a user to make risky and challenging
choices. This is ambivalent peculiarity. Such an agent can motivate a user to take on
new things; however, they may also cause the user to make a potentially-fatal risky
choice. In some contexts, such an agent could be useful, and in other contexts, it may
be harmful. In long-term interaction, an agent who always agrees with the user will
repeatedly cause the user to make risky choices. This can cause an incident or trouble.
Thus, I suggest that such agents must not always agree with the user.

Figure 2 shows that the participants felt the friendly agent to be more trustworthy
and familiar than the unfriendly one. This result and Table 1 suggest that the partici-
pants felt trustworthiness and familiarity in the agent when they made a risky choice.
Otherwise, the agents’ human-likeness and aliveness was almost the same between the
two agents.

The result of this experiment shows one process by which a users’ subjective proba-
bility is affected by an agent. A friendly agent increases a user’s self-assurance [27][28],
and a high self-assurance causes a user to make risky, gambling-like choices. A user
who interacts with a friendly yes-man agent tends to interpret things in a positive
light. This shows the risky aspect of friendly yes-man agents.



5 Conclusion

In this paper, I focused on subjective probability in decision-making in HAI. I hypoth-
esized that a user will more likely choose ambiguity after interacting with a friendly
agent than after interacting with an unfriendly one. To verify this hypothesis, I con-
ducted an experiment using the Ellsberg problem. I used two agents: a friendly yes-man
agent and an unfriendly agent. As a result, the hypothesis was supported. The partic-
ipants who interacted with the friendly yes-man agent tended to make risky choices.
This demonstrates the peculiarity and risks associated with friendly yes-man agents.

This result suggests a problem that occurs when a user interacts with agents over
a long period of time and suggests a new aspect in designing virtual agents.

6 Data availability statement

The datasets generated during and/or analysed during the current study are available
from the corresponding author on reasonable request.
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