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Abstract

Virtual agents are beginning to find practical applications in many aspects of society. One way to
increase user trust in virtual agents is to make them perceived as more intelligent. The appearance and
speech of virtual agents that users perceive as intelligent have each been studied alone. However,
whether these can be combined to create agents that are perceived as more intelligent has not yet been
studied. In this paper, a two-factor, two-level experiment was conducted to examine the appearance and
speech of virtual agents at two levels, “intelligent” and “unintelligent.” The results showed that “agents
who look intelligent but speak in an unintelligent manner” and “agents who look unintelligent but speak
intelligently” were rated as more intelligent and trusted by users than “agents who look intelligent and
speak intelligently.”

1 Introduction

Anthropomorphic virtual agents do not have physical bodies but look like humans, animals, robots, and
other similar beings. They are used in various parts of society: product recommendation (Qiu and
Benbasat 2009; Ben Saad and Choura 2023), education(Martha and Santoso 2019; Grivokostopoulou et
al. 2020) and counseling (Olafsson et al. 2020). HAI(human-agent interaction) is a research field that
focuses on the interaction design between a user(human) and an artificial agent(virtual agents, robots,
and Als). HAI studies have shown that it is important for agents to be trusted by their users. According to
research on virtual agent trustworthiness, one way to increase user perceptions of virtual agent
trustworthiness is to make virtual agents perceived as intelligent. As previous works suggested, robots’
performance and intelligence are significant factors in their perceived trustworthiness (Hancock et al.
2011; Billings et al. 2012). The same is applies for virtual agents, where users trust intelligent agents
more (Glikson and Woolley 2020; Matsui and Yamada 2019; Tan and Liew 2020).

The user judges whether a robot or agent is intelligent based on utterance and appearance. Users judge
virtual agents that speak with specialized knowledge to be intelligent (Matsui and Yamada 2019). On the
other hand, users also judge intelligence from appearance (Sun and Botev, 2021). Chita et al. showed
that robots’ gender affected the emotional intelligence perceived by users (Sun and Botev 2021). Walters
et al. showed that a robot with a head was perceived as more intelligent than one without a head
(Walters et al. 2009). These studies suggest that users judge agents’ intelligence from appearance.

The appearance of a virtual agent is related to factors other than intelligence as perceived by the user.
Komatsu et al. showed that users could infer some degree of personality from the design of the virtual
agent’s eyes (Komatsu et al. 2016). In humanrobot interaction, it has also been reported that a robot’s
appearance, especially its facial design, influences the user’s evaluation of it (Haring et al. 2016; Walters
et al. 2009; Crowell et al. 2019).

In summary, users judge an agent'’s intelligence based on “the agent’s appearance” and “the agent’s

utterance.” It may be valid to conclude that combining “intelligent-looking appearance” and “intelligent

utterance” results in the most intelligent perceived agent. However, it is not yet fully understood how
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virtual agents’ appearance and utterance relate to their performance and personality evaluation. We do
not know whether combining “intelligent” elements in the abovementioned ways can improve agents’
performance.

Matsui and Gunji showed that the combination of agent elements in user cognition is not arbitrary but
has certain constraints (Matsui and Gunji 2021). Matsui also showed that whether a user perceives a
female agent as sexual or not is not determined solely by the agent’s appearance (Matsui 2022) but also
depends on the context in which the agent is used, not just her clothing. These studies indicate that the
agent’s impression comprises complex processes such as context and interactions between elements,
and combining “intelligent appearance” and “intelligent speech” may not work as expected. Therefore,
this study explores how these factors can be combined to design agents perceived as more intelligent
and trustworthy.

Behavioral economics has shown that human decisions are not entirely rational. The Linda problem
(Morier and Borgida 1984) and the guppy effect (Smith and Osherson 1984) are prime examples. The
Linda problem is related to a cognitive paradox called the “conjunction fallacy.” If considered completely
mathematically, the probability that a person satisfies conditions A and B simultaneously is clearly lower
than the probability that he or she satisfies condition A alone. Nevertheless, depending on the way of the
question, the experiment participants may conclude that the probability of satisfying A and B is higher
than the probability of satisfying A alone. The guppy effect is another issue related to a similar cognitive
paradox. When asked to name a typical fish or pet, most people do not mention guppies. Nevertheless,
many people name guppies when asked to name a typical pet fish, and the probability of naming guppies
in this condition is much larger than the joint probability of naming guppies in individual questions.
Quantum cogntion studies has used quantum logic to model seemingly irrational decision-making, such
as above (Ludwin-Peery et al. 2020; Aerts et al. 2012; Ozawa and Khrennikov 2019).

Conventional HAI studies have assumed that we can freely combine the agent elements concerning
intelligence (Matsui and Yamada 2019; Sun and Botev 2021; Chita-Tegmark et al. 2019; Walters et al.
2009). This assumption implies that the overall impression of the virtual agent is determined by simply
adding or subtracting the component impressions. For example, this addition/subtraction assumes that
we can design a more intelligent perceived agent by combining “appearance” and “utterance” that the
user perceives. The connection between “looking intelligent” and “speaking intelligently” is usually
perceived as self-consistent and self-evident. Adaptive gap theory also assumes that the user expects
artificial agents (e.g., robots) with an intelligent appearance to speak intelligently (Komatsu and Yamada
2011). However, it is unclear whether a linear mathematical equation can model virtual agents’
impressions since they are determined by a complex process that depends on the interaction of multiple
factors and the context in which they are used.

Therefore, we experimented to determine how the combination of an agent’s appearance and speech
style affects the agent’s impression. Specifically, we prepared two levels, intelligent or unintelligent in
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two factors, appearance and utterance, and examined the effects of each combination on the user’s
evaluation of the agent. We tested the following hypothesis by experiment;

H: An agent that combines “intelligent appearance and intelligent utterance” perceived as more
intelligent than others.

Experimental results rejected the hypothesis. We revealed that users perceive agents who “look
intelligent but speak in an unintelligent manner” and “look unintelligent but speak in an intelligent
manner” as more intelligent.

To explain this confusing result, we focused on the recently proposed natural-born intelligence theory,
which can comprehensively explain seemingly irrational human decisions that are explained by quantum
cognition theory (Gunji and Nakamura 2022). This theory also supports the edge of chaos argument
(Guniji and Uragami 2021) and the connection between the free energy principle and quantum cognition
(Guniji et al. 2022). This theory allows us to interpret our experimental results successfully.

In the next section, we describe our experiments to test the hypothesis. First, we describe our
preliminary experiments to define “intelligent appearance” and “unintelligent appearance.” Next, the main
two-factor, two-level experiment, in which appearance and utterance were used as factors and a level of
“intelligent” or “unintelligent” was assigned to each, is described. We conducted all experiments on the
web using a crowdsourcing service and analyzed the results using ANOVA. In the discussion section, we
conceptually introduce the natural-born intelligence theory in the context of our experiment and show
that this theory can explain the experimental results well. Moreover, we will discuss prospects for future
research.

2 Materials & Methods

The experiments proceeded as follows. First, we conducted preliminary experiments to define “intelligent
appearance” and “unintelligent appearance.” We constructed five female virtual agents. The only
difference in appearance between these agents is their hairstyle; otherwise, all components are the
same. The preliminary experiments were pairwise comparisons for all combinations using these five
agents. Experimental participants were shown two agents and asked, “Which agent do you think is more
intelligent?” The preliminary experiments allowed us to determine the “intelligent appearance” and the
“unintelligent appearance.” The main experiments were a two-factor, two-level experiment combining
appearance and speech text. The “intelligent text” and “unintelligent text” were taken from prior studies.
In the experiments, virtual agents made travel recommendations in the movie. Participants answered
questions about the agent’s intelligence and trustworthiness perceived after watching the movie. All
experiments were conducted with the approval of the Osaka Institute of Technology ethics committee.

2.1 Preliminary experiment: agents’ appearance
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We used “agents’ appearance” as the first factor in the main experiments. So, we had to define the
agents’ “intelligent appearance” and “unintelligent appearance” through preliminary experiments. We
constructed five different-looking agents using VRoid Studio, released by Pixiv Inc. . All agents differed

only in hairstyles; all other elements were identical.

In the preliminary experiment, Participants were shown pictures of a pair of the five agents and asked
which agent looked more intelligent. The participants were required to make pairwise comparisons for
all combinations. After evaluating all combinations, participants responded with their gender and age to
complete the experiment. In the preliminary experiment, there were 86 participants (18 females and 68
males), ranging in age from 22 to 70 years, for an average of 44.9 (SD = 10.3). The preliminary
experiment was conducted on the web via Yahoo Crowdsourcing, and all participants got 20 yen (about
0.14 dollars) as a reward. Many studies have validated the credibility of crowdsourcing (Crump et al.
2013; Giudice 2010; Huang and Sundar 2022).

We analyzed our results using Thurston’s pairwise comparison method. Figure 1 shows the result. As a
result, Agent A (short hair) was rated as the most intelligent looking, while Agent B (pigtails) was rated
as the least intelligent looking. Therefore, we defined Agent A as “an agent with an intelligent
appearance” and Agent B as “an agent with a unintelligent appearance.” We used these two agents in the
main experiment.

2.2 Speech text

The second factor is “speech text.” We used two types of texts: Intelligent and unintelligent style. We
referred to these texts from previous studies, Matsui and Yamada(2019) (Matsui and Yamada 2019). In
this previous study, the authors prepared intelligentstyle texts containing expert knowledge and
unintelligent-style texts that did not contain them and experimented with their implementation in virtual
agents. We used the intelligent and unintelligent styled texts used in this previous study.

2.3 Evaluation scales

In the main experiment, we needed to measure the agent’s intelligence and trustworthiness perceived by
participants to test our hypothesis. We adopted the scale used in previous studies to evaluate
intelligence (Matsui and Yamada 2019). There are several other measure scales of user-perceived
intelligence for robots and virtual agents in prior research(Bartneck et al. 2009; Chollet 2019). This scale
has been validated in previous studies and is advantageous because it consists of a few questionnaires,
reducing the participants’ burden.

To measure trustworthiness, we prepared the following three questions;
Q1 How credible did you find this agent?
Q2 How persuasive did you find this agent?

Q3 To what extent did you want to hear what this agent had to say?
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Participants answered each question on a 7-point Likert scale ranging from 1 (not at all) to 7 (very
much). The total was calculated and used as the "trustworthiness” scale.

2.4 Main experiment

The main experiment was conducted on a two-factor, two-level. Two factors are the virtual agent’s
appearance and the utterance’s text. The levels are “intelligent” and “unintelligent” for both factors.
These are as defined in the previous subsections. In the main experiment, a virtual agent recommended
a trip to Gifu Castle, one of Japan's tourist attractions in the video. This task design is the same as a
previous study’s (Matsui and Yamada 2019). After watching the video, participants answered the
questionnaire about perceived agents’ intelligence and trustworthiness, as mentioned in the previous
section. Finally, participants completed the experiment by answering their gender and age. For the
results, we performed a two-factor analysis of variance.

The main experiment was conducted on the web via Yahoo Crowdsourcing, just as in the preliminary
experiment, and all participants got 50 yen (about 0.35 dollars) as a reward. Table 1 shows the
conditions in the main experiment. For condition 1, there were 63 participants (21 females, 41 males,
and one other), ranging in age from 21 to 50 years for an average of 39.6 (SD = 8.0). For condition 2,
there were 57 participants (21 females, 36 males, and one other), ranging in age from 20 to 50 years, for
an average of 41.4 (SD = 6.7). For condition 3, there were 53 participants (19 females and 34 males),
ranging in age from 23 to 50 years, for an average of 42.3 (SD = 6.7). For condition 4, there were 54
participants (14 females, 39 males, and one other), ranging in age from 21 to 50 years, for an average of
41.2 (SD = 6.6). Figure 2 is the snapshot of the movie used in the main experiment.

3 Results

Table 2 shows the averages and SDs of scores for each question. We performed a two-factor analysis of
variance on the results of intelligence and trustworthiness, respectively. The top of Table 3 shows the
results of the three-way ANOVA for intelligence. A statistically significant interaction exists between
appearance x text (p < 0.05). The bottom of Table 3 shows the results of a simple interaction test
between appearance x text. Significant differences existed for the simple main effect in appearance
when the text was unintelligent (p < 0.01). Figure 3 shows this interaction. When text is unintelligent, the
mean score of intelligence is higher when appearance is at an intelligent level than when appearance is
unintelligent.
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Table 1
Conditions in experiment

Condition appearance text
Condition 1 intelligent intelligent
Condition 2 intelligent unintelligent

Condition 3  unintelligent  intelligent

Condition 4  unintelligent  unintelligent

The top of Table 4 shows the results of the three-way ANOVA for trustworthiness. There is a statistically
significant main effect of appearance(p < 0.05) and interactions between appearance x text (p < 0.05).
The bottom of Table 4 shows the results of a simple interaction test for the interactions between
appearance x text. Significant differences existed for the simple main effect in appearance when the text
was unintelligent (p < 0.01). Figure 4 shows this interaction. When text is at an unintelligent level, the
mean score of trustworthiness is higher when appearance is at an intelligent level than when
appearance is at an unintelligent level.

Table 2
The averages and SDs of scores for each scale.

Condition intelligence trustworthiness
Condition 1 21.3(5.37) 12.5(3.5)
Condition2  23.1(4.35) 13.8(2.92)
Condition3  22.2(5.29) 12.9(2.96)

Condition4 20.2(527)  11.8(3.67)

We tested whether the participants’ gender played a role in the results of this experiment. We conducted
female vs. male t-tests for gender differences in ” trustworthiness” and” intelligence” scores across all
conditions. The results were p > 0.1 for all tests and concluded that there was no significant effect of
participant gender on this experiment. Table 5 shows these results.

4 Discussion

Table 3 and Fig. 3 show that there is a significant interaction of appearance x text. When the mean
values were compared, the [intelligent appearance, unintelligent text] and [non-intelligent appearance,
intelligent text] conditions had higher values for intelligence perceived than the [intelligent appearance,
intelligent text] condition. This result shows that it is not the combination of elements that perceive
intelligence but rather the inclusion of unintelligent elements that creates an agent with an overall
impression of intelligence. It contradicts the traditional assumption that a simple summation of
elements’ impressions can express agent impressions.
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Table 3

The results of ANOVA for scores of intelligence. There is a

significant main effect of interaction.

source F P

appearance 3.45 0.06
text 0.02 0.90
interaction % 6.78 0.01
sub-effect test (simple main effect) effect F p

appearance (intelligent text) 0.28 0.60
appearance (unintelligent text) 9.98 0.00
% text (intelligent appearance) 3.09 0.08
text (unintelligent appearance) 3.72 0.06

Table 4

The results of ANOVA for the scale of trustworthiness. There are
significant main effects of appearance and interaction.

source F

appearance 4.61
text 0.11
interaction 5.38
sub-effect test (simple main effect) effect F

appearance (intelligent text) 0.02
appearance (unintelligent text) 9.98
text (intelligent appearance) 3.53
text (unintelligent appearance) 1.97

p

0.03
0.74
0.02

0.90
0.00
0.06
0.16

xk

xk

Table 4 and Fig. 4 show that agents’ perceived trustworthiness has a similar result. This result is
consistent with previous research that agent trustworthiness is influenced by the agent’s perceived

intelligence (Glikson and Woolley 2020; Matsui and Yamada 2019; Tan and Liew 2020).

As a result, the [intelligent appearance, unintelligent text] and [non-intelligent appearance, intelligent text]
agents had higher values for trustworthiness perceived than the [intelligent appearance, intelligent text]
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agents. The results show that combining intelligent elements does not create an agent perceived as
intelligent, and including non-intellectual elements in appearance or speech is more effective. These
results force a rethinking of traditional agent design methods in HAI.

The traditional HAI framework could not explain this result. However, this result is consistent with
findings in behavioral economics that humans do not always make rational decisions (Camerer and
Loewenstein 2004; Aerts et al. 2012). To explain this irrational result, we refer to the recently proposed
natural-born intelligence theory (Gunji and Nakamura 2022).

We describe the natural-born intelligence theory in the context of our experiment. In this theory, we first
consider a positive antinomy of the form “A and not A.” It corresponds to the agent with conflict in the
intelligence exhibited by its appearance and speech in our experiment. The change of context brings
“outside” of the existing context by changing the positive antinomy to the negative antinomy of the form
“neither A nor not A" What this “outside” is cannot be predicted, but the intelligence that accepts it is
called natural-born intelligence.

In our experiment, the interaction between the participants and the agent with conflict changed the
positive antinomy structure, and the whole interaction was considered to constitute natural-born
intelligence. In other words, the conflict between the impression of intelligence given by the agent’s
appearance and utterance would evoke an impression of the agent’s personality, familiarity, or latent
intellectual impression beyond that given by the individual elements. The fact that the agents used in the
experiment had a human-like appearance also helped the participants recall the agents’ personalities,
which were not perceived solely from their appearance or utterances.

This may be partly due to the fact that the videos used in the experiment were in the commercial context
of travel recommendations. Commercial recommendations are generally provided in an informative, i.e.,
intelligent manner. An agent with the conflict between appearance and speech regarding intelligence
would have altered this usual commercial context and evoked a sense of trustworthiness and familiarity.
However, we should note that the same results were not obtained for agents with unintelligent
appearances and utterances; they were rated lower for intelligence and trustworthiness. This suggests
that the manifestation of contradictions in the agents themselves is necessary for contextual change.

Figure 5 (A) illustrates the concept of natural-born intelligence in this study. The upper left and lower
right circles represent the opposing concepts that constitute antinomy. The context of interaction
(bottom right circle) acts on these, and the antinomy structure and context itself are altered, resulting in
the emergence of an “outside” of the existing context. In the case of this experiment, the “outside” was
the agent’s personality and sense of familiarity. On the other hand, Fig. 5 (B) shows the case where no
inconsistency exists in the agent. No antinomy is formed in this case, and the interaction context is
unchanged. Therefore, the “outside” of the context does not appear, and the participants have evaluated
the agent only based on what was presented.
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Table 5 Result of female vs. male t-tests for the scale of trustworthiness and intelligence. There are no
significant differences.

condition scalet p

condition 1 trustworthiness0.81 0.21
condition 1 intelligence0.06 0.47
condition 2 trustworthiness0.88 0.19
condition 2 intelligence0.60 0.28
condition 3 trustworthiness0.54 0.30
condition 3 intelligence1.04 0.15
condition 4 trustworthiness-0.31 0.38
condition 4 intelligence-0.75 0.23

Finally, we discuss the limitations of this study. This study focuses only on “appearance” and “utterance”
among the many factors of virtual agents. It is unclear whether similar results can be obtained when
combining other factors. In addition, we used only female virtual agents looking like humans in this
study. Suppose the agent is male or has a different appearance than a human, such as a robot or animal.
What emerges as “outside” of the context may be different than for a female agent, even if the same
conflict exists between their appearance and utterance. Furthermore, we need to consider the case
where the agent is used in a context other than commercial recommendations.

5 Conclusion

In this study, we tested by experiment whether combining elements with specific characteristics in the
design of a virtual agent enhances those characteristics. To test this hypothesis, we focused on
“whether or not the agent looks intelligent” and “whether or not the utterance is intelligent.” In a
preliminary experiment, we identified appearances that were perceived as intelligent and unintelligent.
For intelligent and unintelligent utterances, we used sentences from previous studies and combined
them in a two-factor, two-level experiment. The results showed that the agents appeared more intelligent
and trusted the combination of “intelligent appearance” and “unintelligent utterance” or “unintelligent
appearance” and “intelligent utterance” than the combination of “intelligent appearance” and “intelligent
utterance.” This result cannot be explained in the conventional HAI framework but can be explained
using naturalborn intelligence theory, which consistently explains human irrational decision-making.
These results force a reconsideration of the traditional virtual agent design method.
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In a preliminary experiment, five agents were used, and a value indicating intelligence for appearance
was obtained through a pairwise comparison. The smaller this value, the more intelligent the subject
rated the agent. These agents had the same appearance except for their hairstyles.

Figure 2

Snapshot of the video used in the main experiment. This agent is Agent A (intelligent looking

appearance).
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Averages of trustworthiness. Error bar means SDs. There is an interaction.
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Figure 5

(A) Conceptual diagram of “natural-born intelligence” in this study. The upper right and lower left circles
constitute the antinomy. (B) When there is no contradiction between the agent’s appearance and speech,
antinomy is not constituted, and dynamic changes in the context of interaction do not occur. Created
based on Gunji and Nakamura (Gunji and Nakamura 2022) and Guniji and Uragami (Gunji and Uragami
2021), modified to fit this study.
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