
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202405.00036

The Effect of Anthropomorphism on Human-
Robot Trust in 4- to 6-Year-Old Children
Authors: Yang Yijin, Jiang Yuwei, Mao Keyu, Li Tingyu, Chen Yiqun, Zhu
Liqi, Li Tingyu

Date: 2024-05-08T00:00:00+00:00

Abstract
Through two trust game experiments, this study investigated the development of
trust in robots among 4- to 6-year-old children in economic games, while simulta-
neously examining anthropomorphic factors that may influence children’s trust
in robots, including appearance anthropomorphism (human-like appearance)
and behavioral anthropomorphism (verbal feedback and social contingency in-
teraction). Experiment 1 examined children’s trust behaviors toward humans,
the NAO robot, and the JIBO robot (high vs. low appearance anthropomor-
phism) in anonymous trust games, revealing that 4-year-old children’s trust
in robots was significantly lower than that of 5- and 6-year-olds; furthermore,
appearance anthropomorphism only affected 6-year-old children, with a signifi-
cant positive correlation between the degree of appearance anthropomorphism
and children’s trust. Experiment 2 utilized WeChat video calls with humans,
NAO, and JIBO to imbue robots with behavioral anthropomorphism features,
and investigated children’s trust behaviors toward different trust objects in
anonymous trust games, discovering that robots possessing behavioral anthro-
pomorphism features could significantly enhance children’s trust. The trust of
4- to 6-year-old children in robots is not only related to age but also influenced
by robot anthropomorphism (appearance anthropomorphism and behavioral an-
thropomorphism), with the degree of anthropomorphism positively correlated
with children’s trust behaviors.

Full Text
Preamble: Self-Check Report for Acta Psychologica Sinica
1. Please list up to three innovative contributions of this study in
the form of “Research Highlights,”with a total of no more than 200
words.
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Acta Psychologica Sinica aims to publish cutting-edge psychological research
that is “both scientifically excellent and of particularly broad interest and sig-
nificance.”If your study only makes minor incremental contributions, does not
attempt to open new areas of inquiry, or lacks unique and innovative perspec-
tives—particularly if it is purely an algorithm or technical work without clear
psychological questions—its chance of acceptance by this journal is low. We
recommend submitting to other journals.

(1) Previous research has primarily focused on robot development and design,
neglecting the psychological processes and development of young children
as active agents in human-robot interaction, especially lacking direct in-
vestigation of human-robot relationships. This study is the first to explore
the development of trust in robots among 4–6-year-old Chinese children
through economic game paradigms.

(2) Anthropomorphism is an important influencing factor in human-robot
trust. Past research has focused on how robot appearance affects trust
while neglecting the role of behavioral anthropomorphism. This study
manipulates both appearance and behavioral anthropomorphism of robots
to systematically examine their effects on 4–6-year-old children’s trust in
robots.

2. Have you published or submitted any articles using the same
data as this study? If yes, please attach them for review. (We do
not encourage authors to publish multiple articles with the same variables from
the same dataset, nor do we encourage splitting a series of related studies into
multiple publications.)

3. For non-experimental, non-intervention studies in manage-
ment, clinical, personality, and social psychology that rely solely
on self-report (questionnaire methods), it is necessary to check
for common method bias. What methods did you use to control
for or demonstrate that such bias does not affect the validity
of your conclusions? (For literature on common method bias, see:
http://journal.psych.ac.cn/xlkxjz/CN/abstract/abstract894.shtml) Studies
based on cross-sectional data with only self-reports, administered merely to
convenience samples, are easy to conduct but typically have limited innovative
value and low acceptance probability.

Answer: This study is an experimental study; there is no need for common
method bias testing.

4. Did you report and analyze effect sizes (e.g., Cohen’s d for t-tests,
�2 or �2p for ANOVA, standardized regression coefficients)? (Many
studies mechanically report effect sizes without necessary analysis or explana-
tion, such as whether the effect size is small, medium, or large, or its theoreti-
cal/applied significance.) Did you report 95% CIs for statistical analyses? (e.g.,
95% CI for differences, correlation/regression coefficients) (For effect size cal-
culators, search “effect size calculator”on Google; for explanations in Chinese:
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http://journal.psych.ac.cn/xlkxjz/CN/abstract/abstract1150.shtml; in English:
http://www.uccs.edu/lbecker/effect-size.html; for CI calculations and plotting:
https://thenewstatistics.com/itns/esci/)

Answer: Yes.

5. Please state the planned sample size and actual sample size. If
they differ, please explain why. Insufficient sample sizes leading to low
statistical power are widespread problems in psychological research. We recom-
mend explaining your sample size calculation rationale in the Methods section,
determining sample size based on justified effect sizes and desired power, and
reporting the software or program used. For guidance on sample size planning,
see https://osf.io/5awp4/

Answer: All planned sample sizes in this study were determined using GPower
software and reference to previous literature. According to GPower 3.1, with a
significance level of 𝛼 = 0.05 and effect size w = 0.30, a minimum sample of 88
participants was required to achieve 80% statistical power. The actual sample
size was 90 participants.

6. [Question missing in original]

7. To ensure completeness of data reporting, if any data were ex-
cluded from statistical analysis, was this reported in the text? What
were the reasons? How would the results change if these data were in-
cluded? How were missing data handled in statistical analysis? When
using scales, were any individual items deleted? Why? How would
the results change if these items were included? Were any measured
items or variables not reported? Why? Please indicate where in the
paper this is addressed.

Answer: This study did not involve data exclusion.

8. For experimental materials, scales, or questionnaires that have not
undergone peer review, are they attached at the end of the file for
review? If not, please explain why. If this article is published, are
you willing to share these materials with other researchers?

Answer: The study used experimental materials that have not undergone peer
review. These materials are described in detail in the article with accompanying
images for review. If published, we are willing to share these materials with other
researchers.

9. This journal requires authors to provide raw data. Please select
one option:

a) Submit data to editorial office email after submission

b) Data can be obtained from the following link: https://pan.baidu.com/s/1tB3HBzK2nXVTGkYveoJCyw,
extraction code: h84h (√)
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c) Corresponding author will provide data within one week upon request
from editorial board or reviewers ( )

d) Raw data and programs have been shared on https://osf.io/

10. Is your study a clinical intervention or laboratory experiment?
Yes ( ) No (√)

If yes, please provide pre-registration number. If no, please explain why.
This study is not a clinical intervention or laboratory experiment, but has been
pre-registered. DOI: https://doi.org/10.17605/OSF.IO/G8FZX

Note: Clinical intervention or laboratory experiments should be pre-registered
before data collection. Other experimental studies are also encouraged to
pre-register. Pre-registration requires stating all research hypotheses and
their support, plus detailed experimental/intervention procedures. This
journal’s pre-registration sites are https://osf.io/ or https://aspredicted.org/.
Pre-registration significantly increases acceptance probability. For importance
of pre-registration, see https://osf.io/5awp4/.

11. If your study involved human or animal subjects, was it approved
by your institution’s ethics committee? If yes, please send a scanned
copy to the editorial office email. If no, please explain.

Answer: Yes. Already sent to email.

12. [Question missing in original]

13. If the first author is a student, please have the advisor send a sep-
arate email to the editorial office (xuebao@psych.ac.cn) stating they
have read the paper and reviewed it carefully. Have you reminded
your advisor to send this email? (The editorial office will only consider the
manuscript for processing after receiving the advisor’s email.)

14. Please download the “Manuscript Non-Confidentiality Certifi-
cate”from the “Download Center”on the right side of the journal
homepage, fill it out, stamp it with the confidentiality office seal of
the corresponding author’s institution, and send the scanned copy to
the editorial office email (xuebao@psych.ac.cn). If there is no confi-
dentiality office seal, use the institution’s official seal. Has the email
been sent?
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The Influence of Anthropomorphism on 4–6-Year-Old Chil-
dren’s Trust in Robots
Abstract

This study investigated the development of 4–6-year-old children’s trust in
robots through two trust game experiments, while examining anthropomorphic
factors that may influence this trust, including appearance anthropomorphism
(human-like appearance) and behavioral anthropomorphism (verbal feedback
and socially contingent interaction). Experiment 1 examined children’s trust
behaviors toward a human, robot NAO, and robot JIBO (high vs. low appear-
ance anthropomorphism) in an anonymous trust game. Results revealed that
4-year-olds’trust in robots was significantly lower than that of 5- and 6-year-
olds, while appearance anthropomorphism only affected 6-year-olds, showing a
significant positive correlation between appearance anthropomorphism and chil-
dren’s trust. Experiment 2 endowed robots with behavioral anthropomorphic
features through WeChat video calls with the human, NAO, and JIBO, then
examined children’s trust behaviors toward different trustees in an anonymous
trust game. The findings demonstrated that robots with behavioral anthropo-
morphic characteristics could significantly enhance children’s trust. Thus, 4–
6-year-old children’s trust in robots is not only age-related but also influenced
by robot anthropomorphism (both appearance and behavioral), with the degree
of anthropomorphism positively correlating with children’s trust behaviors.

Keywords: 4–6-year-olds; trust; trust game; robots; anthropomorphism

1. Introduction

With the development and application of artificial intelligence technologies, var-
ious educational robots have emerged to provide intelligent support for learning
scenarios, including intelligent robot learning companions, toys, and special ed-
ucation assistants that teach children language (Movellan et al., 2009; Tanaka
& Matsuzoe, 2012), mathematics (Wei et al., 2011), and social skills (Belpaeme
et al., 2018; Ricks & Colton, 2010). As opportunities for children to interact
with robots increase, social relationships between humans and robots will in-
evitably become more common and increasingly important in the future. These
changes raise new research questions: How do human-robot relationships form
and develop, and what factors influence them?

Trust is defined as the beliefs or expectations one holds about others during
social interactions (Straten et al., 2018). Trust is not limited to interactions be-
tween organisms; human-robot trust exists in human-robot interaction (Hancock
et al., 2011). Human-robot trust is one prerequisite for effective human-robot
interaction and forms the foundation for successful human-robot collaboration
(Christoforakos et al., 2021). Trust in robots is considered a primary indicator
of robot acceptance; excessive trust can lead to inappropriate reliance on and
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misuse of intelligent robots, while lack of trust is often seen as a major barrier
to robot usage (黄心语 et al., 2023). Therefore, trust plays a crucial role in
children’s interactions with robots. On one hand, children’s trust in robots
may manifest similarly to their trust in humans—for example, treating robots
as people, attributing social categories to robots, and experiencing social emo-
tions toward them. To the extent that machines are endowed with human-like
features, they may elicit human-like treatment from individuals (Nielsen et al.,
2022). On the other hand, children’s trust in robots may influence learning
and interaction outcomes based on robots (Li et al., 2023). When robots are
highly controllable yet share many similarities with humans, examining the fac-
tors influencing human-robot trust can contribute to developing robots that
better align with human psychology and adapt to human cognition, emotion,
and behavior, thereby achieving more harmonious and efficient human-robot in-
teraction. Thus, exploring the development of young children’s trust in robots
holds both theoretical and applied value.

Previous research indicates that children’s trust in robots is developmental, and
individuals’trust in robots may change with age. On one hand, most studies
demonstrate that children’s sensitivity to robot interaction patterns seems to
increase with age. For example, when interacting with robots, 6–7-year-olds are
less likely than 8–11-year-olds to notice behavioral differences between robots
with different personalities (Martinez-Miranda et al., 2018). When robots ex-
hibit rule-violating behaviors, younger children (ages 4–6) show fewer emotional
reactions than older children (ages 7–10), and during conversations with robots,
older children in continuous memory conditions show greater gains in liking for
robots than younger children (Leite & Lehman, 2016). On the other hand, pre-
vious research examining young children’s epistemic trust in robots found that
younger children trust robots more—for example, 3-year-olds are more willing
than older children (ages 5, 7, and 9) to believe clues provided by robots when
guessing which box an item is under (Di Dio et al., 2020). This may be be-
cause younger children’s perception of robots is more appearance-based, while
as children grow older and gain more social experience, they consider more fac-
tors when evaluating trust in robots, such as robot functionality and knowledge
(Brink et al., 2019; Cameron et al., 2015). Given that epistemic trust tasks
focus more on children’s trust in information provided by robots rather than
trust in robots themselves, the developmental trajectory of children’s trust in
robots remains to be examined. Although some studies have used “question-
naire methods”to investigate children’s emotional responses and preferences
toward robots (Martínez-Miranda et al., 2018; Shahid et al., 2010), no research
has directly examined children’s trust behaviors toward robots. Therefore, this
study is the first to use economic games as a trust assessment method to explore
the development and characteristics of human-robot trust behaviors. Building
on recent findings that 6-year-olds show higher trust levels toward partners than
4-year-olds in trust games (Rosati et al., 2019), this study hypothesizes that in
trust games, older 6-year-olds may trust robots more than younger children.

Beyond individual factors, human-robot trust also varies with different robot at-
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tributes, particularly robot anthropomorphism, which plays an important role
in trust. Anthropomorphism refers to the psychological tendency of humans to
engage in social interactions with non-human entities (e.g., technology, animals,
plants, supernatural entities, natural or social phenomena) as if these entities
were human (Epley et al., 2007). This study defines robot anthropomorphism as
the process of attributing human characteristics to robots. The process of estab-
lishing social interactions in young children may involve the ability to recognize
that interaction partners are “like me”(Marchetti et al., 2018). Research has
found that increased robot anthropomorphism leads to more positive interac-
tion experiences (Duffy, 2003) and may also influence children’s trust in robots
(Zguda et al., 2019). Von Zitzewitz et al. (2013) distinguished between two forms
of robot anthropomorphism: appearance anthropomorphism and behavioral an-
thropomorphism. Appearance anthropomorphism is relatively straightforward
to implement, typically by endowing robots with human-like facial and bodily
features during product design. Appearance can profoundly affect interactions
between robots and humans, with appearance anthropomorphism influencing
trust in human-robot interaction (Kok & Soh, 2020; Billings et al., 2012). Previ-
ous research has found that robots with human-like features are often perceived
as more trustworthy (Natarajan & Gombolay, 2020), and 5–7-year-olds treat
robots with human-like appearance features using human interaction patterns
(Cameron et al., 2017).

Behavioral anthropomorphism refers to endowing non-human entities like robots
with human behavioral characteristics, enabling them to simulate human move-
ment (resulting in behaviors) or communication in certain environments, and to
interact with environmental or social properties, including language and action
communication (von Zitzewitz et al., 2013). Behavioral anthropomorphism can
be implemented through various approaches, one of which is social contingency,
understood here as robots’attention to and appropriate responses toward others
(Okanda & Itakura, 2008). Research has found that contingent interaction can
enhance children’s attention and engagement levels, facilitating the formation
of joint attention between children and interaction partners. A study using
gaze turn-taking cues with socially functional robots found that robots’gaze
turn-taking functions increased adults’perception of robot anthropomorphism,
leading to greater trust in robots (Van Pinxteren et al., 2019). Atarajan and
Gombolay (2020) found that robots’anthropomorphic appearance and behavior
are key predictors of people’s trust in and compliance with robots. However,
most of these studies indirectly demonstrate that trust in robots is influenced by
anthropomorphic features—for example, children feel happier when interacting
with anthropomorphic robots, which facilitates anthropomorphic emotions and
helps establish trust. They provide clues about trust establishment or change
but lack direct evidence of how robot anthropomorphism affects human-robot
trust. Moreover, most previous research on robot effectiveness in children’s ed-
ucation (Li et al., 2010; Manzi et al., 2020) has neglected the role of behavioral
anthropomorphism in human-robot trust. Therefore, it is necessary to simul-
taneously examine the effects of appearance and behavioral anthropomorphism
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on human-robot trust.

In summary, with the support of various AI technologies, robots are increas-
ingly becoming learning companions and teachers in children’s lives. The de-
velopment of children’s trust in robots and the influencing factor of robot
anthropomorphism constitute a worthwhile research question. Based on previ-
ous research limitations, this study focuses on the following questions: First,
the development of 4–6-year-old children’s trust in robots in economic games,
with the expectation that human-robot trust may strengthen with age. Second,
the influence of robot anthropomorphic features (appearance vs. behavior) on
human-robot trust, by manipulating different human-like appearance features
(presence vs. absence of face and limbs) and contingent interactive behaviors
(demonstrating attention and appropriate responses to children during video
calls), to examine children’s trust in robots, with the expectation that robot
anthropomorphism will influence human-robot trust.

2. Experiment 1: 4–6-Year-Old Children’s Trust Behaviors Toward
Robots in Economic Games

This experiment employed a 3 (age: 4-year-olds/5-year-olds/6-year-olds) × 3
(trustee: human vs. robot NAO vs. robot JIBO) mixed factorial design. Age
was a between-subjects variable, and trustee was a within-subjects variable. The
dependent variables were children’s trust willingness (whether willing to give
coins and how many) and expectations (how many coins they expected to be
returned).

2.1 Participants Based on G*Power 3.1 calculations, with a significance level
of 𝛼 = 0.05 and effect size w = 0.30, a minimum sample of 88 participants was
required to achieve 80% statistical power (Li et al., 2023). This study recruited
90 children from kindergartens in a provincial capital city in southern China,
including 45 boys and 45 girls. Children were divided into three age groups: 30
four-year-olds (15 girls, mean age = 54.3 months, SD = 4.4), 30 five-year-olds
(15 girls, mean age = 67.7 months, SD = 4.2), and 30 six-year-olds (15 girls,
mean age = 80.2 months, SD = 3.1).

2.2 Materials The experiment adapted the trust game task used by Berg et
al. (1995) and Evans et al. (2013) to study trust in young children. Interpersonal
trust is typically measured using the Trust Game (for participants generally 8+
years) and the Trust Game Task (“surprise bag”version) (for participants 4+
years) (Evans et al., 2013; 李婷玉 et al., 2017). In the trust game, participants
are randomly assigned to roles A (trustor) and B (trustee) who never meet.
Trustor A decides how much of their initial endowment X (0 ≤ X ≤ S) to give
to anonymous trustee B, who receives 3X. After receiving this amount, B decides
how much Y (0 ≤ Y ≤ 3X) to return to A. The final payoffs are S–X+Y for
A and S+3X–Y for B (Berg et al., 1995). X reflects A’s trust level, while Y
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indicates B’s trustworthiness (池丽萍, 2013). In this study, child participants
served as trustors, with a human, robot NAO, and robot JIBO as trustees (see
Figure 1 [Figure 1: see original paper]).

To allow children to physically manipulate and intuitively experience monetary
changes, this study adapted materials from Siddique et al. (2022). Considering
that previous trust game studies used an initial amount of 1, which meant
children risked losing everything if they made a trusting decision—potentially
discouraging trust—and to compare differences in trust toward various trustees,
this study presented the initial endowment as concrete objects (4 gold coins).
Materials also included stickers, researcher-made opaque “magic boxes,”and
trays for each participant and trustee (4 total). During the experiment, trustee
photos were presented both on PowerPoint slides and as printed vertical cards
placed next to corresponding trays (see Figure 2 [Figure 2: see original paper]).

2.3 Procedure The experiment was conducted in a quiet room at the kinder-
garten, with one experimenter working individually with each child for approx-
imately 10 minutes. The research process is shown in Figure 3 [Figure 3: see
original paper]. The experimenter engaged in simple interactions with the child
(discussing favorite cartoons, friends, sports, etc.) to help them relax. The ex-
perimenter then introduced the trustees using their photos: human“Chen Chen”
(a male university student), robot NAO (an intelligent bipedal humanoid robot
developed by Aldebaran Robotics), and JIBO (a home social robot created by
MIT scientist Cynthia Breazeal), explaining they would play a game together.

Next, the experimenter explained the rules using PowerPoint and desktop ma-
terials (see Figure 4 [Figure 4: see original paper]): Four gold coins were placed
in the child’s tray. The child could keep these coins or share them with “XX”
(the virtual game partner/trustee). If the child gave coins to“XX,”they would
pass through a “magic box”that tripled them—1 coin became 3, 2 became 6,
3 became 9, and 4 became 12 (demonstrated via PowerPoint animation). The
trustee might then return some coins or none at all.

Finally, the experimenter had the child practice one round as each role to ensure
understanding of the rules, and reminded them that coins could be exchanged
for stickers after the game.

2.4 Testing Phase After children understood the rules, the experimenter
presented trustee photos (in counterbalanced order), placed four gold coins in
the child’s tray, and asked the willingness question: “Are you willing to give
him/it any coins?”Willingness was scored as 1 (yes) or 0 (no). If the child placed
coins in the opaque box, the experimenter operated the props, removed triple
the number of coins, placed them in the trustee’s tray, had the child count
them, and asked the expectation question:“How many coins do you think he/it
will return to you?”Scores ranged from 0–12 based on expected returns. If
the child refused to give coins, the expectation question was not asked and the
expectation score was recorded as 0.
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2.5 Debriefing The experimenter briefly explained the study’s purpose,
thanked the child, allowed them to exchange coins for stickers, gave a gift, and
escorted them back.

2.6 Results and Discussion All data were entered and analyzed using SPSS
21.0. Generalized linear models (GLM) were used for statistical analysis. Trust
levels of 4–6-year-olds toward different trustees are shown in Table 1 .

With trust willingness as the dependent variable, the final model showed a
significant main effect of age (�2 = 14.712, df = 2, p = 0.001), no significant
main effect of trustee (�2 = 2.952, df = 2, p = 0.229), and no significant age
× trustee interaction (�2 = 4.743, df = 4, p = 0.315). Pairwise comparisons
revealed that 4-year-olds scored significantly lower than 5-year-olds (p < 0.001)
and 6-year-olds (p = 0.022), while 5- and 6-year-olds did not differ significantly
(p > 0.05). Post-hoc tests showed that, when age was fixed, 6-year-olds trusted
robot NAO significantly more than JIBO (p = 0.021).

With expectation as the dependent variable, the GLM final model showed a
significant main effect of age (�2 = 14.657, df = 2, p = 0.001), no significant
main effect of trustee (�2 = 2.416, df = 2, p = 0.229), and no significant age ×
trustee interaction (�2 = 4.479, df = 4, p = 0.314). Post-hoc comparisons found
that 5-year-olds scored significantly higher than 4-year-olds (p = 0.01) and 6-
year-olds (p = 0.01), while 4- and 6-year-olds did not differ significantly (p >
0.05). Post-hoc tests showed that, when age was fixed, 6-year-olds expected
significantly more returns from robot NAO than from the human (p = 0.034).

These results demonstrate that children’s trust in robots in economic games
strengthens with age: 4-year-olds gave significantly fewer coins than 5- and
6-year-olds and expected significantly fewer returns than 5-year-olds; 5-year-
olds expected significantly more returns than 6-year-olds. Robot appearance
anthropomorphism did not significantly affect 4–5-year-olds’trust in robots, but
significantly affected 6-year-olds’trust, who gave more coins to and expected
more returns from NAO than from JIBO or the human.

3. Experiment 2: 4–6-Year-Old Children’s Trust Behaviors in Eco-
nomic Games with Video Interaction

This experiment used a 3 (age: 4-year-olds/5-year-olds/6-year-olds) × 3 (trustee:
human vs. robot NAO vs. robot JIBO) mixed factorial design. Age was a
between-subjects factor, and trustee was a within-subjects factor. The depen-
dent variables were children’s trust willingness (whether and how many coins
to give) and expectations (expected returns).

3.1 Participants A new sample of 90 kindergarten children was randomly
recruited, including 45 boys and 45 girls. Children were divided into three age
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groups: 30 four-year-olds (15 girls, mean age = 54.9 months, SD = 4.3), 30 five-
year-olds (15 girls, mean age = 69.1 months, SD = 4.7), and 30 six-year-olds
(15 girls, mean age = 81.2 months, SD = 2.7).

3.2 Materials Materials were largely the same as in Experiment 1, with the
difference that trustees were presented not as photos but through WeChat video
calls, a familiar format for children (see Figure 5 [Figure 5: see original paper]).
Dialogue audio and content were pre-recorded (voice matched character image
and evaluated by university students). During the experiment, the experimenter
controlled video playback timing and content to simulate real-time attention and
appropriate responses to children.

3.3 Procedure The experiment was conducted in a quiet kindergarten room,
with one experimenter working individually with each child for approximately
10 minutes. The process is shown in Figure 6 [Figure 6: see original paper]. The
procedure was similar to Experiment 1, except the experimenter said, “We’ll
play this game through a video call on the phone”when introducing the game.

After children understood the rules, the experimenter presented trustee photos
(in counterbalanced order) and informed the child they would have a WeChat
video call. The experimenter then pretended to make a video call on the phone:

Trustee: Hello
Experimenter: Hello, I’ve invited this child to play the gold coin game with
us. I’ve given him/her four coins. He/she might give you some or none at
all. If willing to give, his/her coins will multiply through this magic box, and
you’ll receive this many coins. The rules are as shown here. (Shows phone to
PowerPoint)
Trustee: Um⋯okay
Experimenter: After receiving coins, you can give him/her some, all, or none.
If he/she is willing to give later, please tell me how many you’re willing to give.
Trustee: Okay, you ask first, I’ll tell you later.
Experimenter: Okay, goodbye!

After the video interaction, the experimenter placed four gold coins in the child’s
tray and asked the willingness and expectation questions. Scoring was identical
to Experiment 1.

3.4 Debriefing Identical to Experiment 1.

3.5 Results and Discussion Using GLM analysis as in Experiment 1, trust
levels of 4–6-year-olds toward different trustees are shown in Table 2 . With trust
willingness as the dependent variable, the final model showed no significant main
effect of age (�2 = 0.465, df = 2, p = 0.793), no significant main effect of trustee
(�2 = 1.544, df = 2, p = 0.462), and no significant age × trustee interaction (�2
= 1.139, df = 4, p = 0.888).
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With expectation as the dependent variable, the final model showed no signif-
icant main effect of age (�2 = 4.122, df = 2, p = 0.127), no significant main
effect of trustee (�2 = 3.181, df = 2, p = 0.204), and no significant age × trustee
interaction (�2 = 5.869, df = 4, p = 0.209). In the interactive context, no signif-
icant age differences emerged in children’s trust toward robots with different
appearance anthropomorphism levels.

Experiment 2 added video interaction to Experiment 1, creating a“with vs. with-
out interaction”variable between the two experiments. GLM analysis comparing
both experiments is shown in Figures 7 [Figure 7: see original paper] and 8 [Fig-
ure 8: see original paper]. With trust willingness as the dependent variable, the
final model showed a significant main effect of interaction (�2 = 14.277, df =
1, p < 0.001), with trust significantly lower in the no-interaction condition (p
< 0.001). The interaction × age interaction was significant (�2 = 9.937, df =
2, p = 0.007): 4-year-olds showed significantly lower trust in the no-interaction
versus interaction condition (p < 0.001). The interaction × trustee interaction
was not significant (�2 = 0.963, df = 2, p = 0.618). When trustee was fixed,
trust was significantly lower in the no-interaction than interaction condition for
both robot JIBO (p = 0.003) and NAO (p = 0.04). The three-way interaction
was not significant (�2 = 1.453, df = 4, p = 0.835).

With expectation as the dependent variable, the final model showed a significant
main effect of interaction (�2 = 12.969, df = 1, p < 0.001), with expected returns
significantly lower in the no-interaction condition (p < 0.001). The interaction
× age interaction was significant (�2 = 11.278, df = 2, p = 0.004): 4-year-olds
(p < 0.001) and 6-year-olds (p = 0.024) expected significantly fewer returns
in the no-interaction versus interaction condition. The interaction × trustee
interaction was not significant (�2 = 0.777, df = 2, p = 0.65). These results
indicate that robots’behavioral anthropomorphic features influence children’s
trust.

4. General Discussion

Compared with previous research, this study adapted Berg et al.’s (1995) trust
game paradigm to directly examine 4–6-year-old children’s trust in robots and its
development, and explored the influence of anthropomorphism on human-robot
trust. The results largely support our hypotheses.

First, this study confirmed significant age differences in 4–6-year-old children’
s trust in robots: 4-year-olds showed significantly lower trust willingness than
5- and 6-year-olds, while 5-year-olds showed significantly higher expectations
than 4- and 6-year-olds. These findings supplement previous research on the
relationship between age and human-robot trust in young children. Among 4–6-
year-olds, younger children do not always trust robots more than older children.
Because this study used economic trust game tasks, it could directly measure
children’s trust behaviors toward robots and infer the degree of human-robot
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trust from their decisions. Interestingly, compared with 4–5-year-olds, 6-year-
olds showed greater willingness to trust robots than humans, consistent with
Cinzia et al. (2020), who found that older children (age 3 vs. 7) were more
willing to trust robots than humans. Their study using mental state attribution
scales suggested this may be because children’s trust in others is influenced
by “emotional”factors, whereas older children’s trust in robots is based on
cognitive rationality rather than emotion. Additionally, 6-year-olds’increasing
familiarity with artificial devices may contribute to their greater willingness to
trust robots.

Second, robot anthropomorphic features exerted different influences on human-
robot trust. First, this study affirmed previous findings on robot appearance an-
thropomorphism, confirming a positive correlation between appearance anthro-
pomorphism and children’s trust in robots. Appearance anthropomorphism did
not significantly affect 4–5-year-olds’human-robot trust but significantly affected
6-year-olds, who trusted the more anthropomorphic robot NAO more. This may
be because human-like robot appearance more naturally attracts children’s at-
tention (Jamet et al., 2018; Manzi et al., 2020), and children’s perception of
appearance attractiveness is developmental—only from age 6 can children consis-
tently evaluate attractiveness (徐芬 et al., 2015). Older children are better able
to perceive and judge robot appearance anthropomorphism, making appearance
anthropomorphism effective only for 6-year-olds’human-robot trust.

Second, this study found that robots’behavioral anthropomorphic features influ-
ence children’s trust in robots. After viewing video calls where robots exhibited
behavioral anthropomorphism through actions and language, 4–6-year-olds were
willing to trust robots and gave more coins or expected more returns. This in-
dicates that robots’behavioral anthropomorphic features strengthen children’s
trust. While no other research has directly proven this, previous related studies
show that behavioral anthropomorphism facilitates effective human-robot inter-
action—for example, 4–6-year-olds show higher engagement in language games
with robots that use gestures (Wit et al., 2020), and children share more stickers
with robots exhibiting prosocial behaviors (Peter et al., 2021). Robots capable of
responding to bystanders or directly interacting with people seem to better elicit
children’s prosocial behaviors than robots without such capabilities (Oliveira et
al., 2021). Additionally, behavioral anthropomorphism’s influence on children’s
trust was not affected by robot appearance anthropomorphism—regardless of ap-
pearance anthropomorphism level, robots gained more trust from children after
adding anthropomorphic behaviors. Van Pinxteren et al. (2019) found similar
results, showing that especially when human-robot interaction comfort is low,
robot gaze turn-taking behavior contributes more to anthropomorphism percep-
tion and trust than appearance. Thus, behavioral anthropomorphism appears
more effective than appearance anthropomorphism in promoting human-robot
trust.

This study has several limitations for future improvement. First, the manipu-
lation of robot anthropomorphism was limited. Robot anthropomorphism also

chinarxiv.org/items/chinaxiv-202405.00036 Machine Translation

https://chinarxiv.org/items/chinaxiv-202405.00036


includes uniquely human mental capacities such as consciousness, intention,
secondary emotions like pride, hope, and guilt (Demoulin et al., 2004), and
higher-order cognitive abilities like analysis and imagination (Nick et al., 2005).
Future research should examine human-robot trust from more perspectives of
robot anthropomorphism features.

Second, this study did not examine individual differences affecting children’s
trust in robots, such as gender (Tung, 2011), attractiveness perception (An-
dreoni & Petrie, 2008), and theory of mind. Future research should incorpo-
rate other subject-related factors that may influence interpersonal trust and
explore interactions between different factors. Finally, this study used video
calls to manipulate behavioral anthropomorphism but did not create natural,
real human-robot interaction scenarios, which may have affected children’s trust
due to media as an information source (Danovitch & Alzahabi, 2013). Future
studies could attempt real-time economic game interactions between children
and robots.

Conclusions: (1) 4–6-year-old children’s trust in robots shows age differences,
with human-robot trust increasing with age.
(2) Robot appearance anthropomorphism affects 4–6-year-old children’s trust in
robots, with older children more influenced by appearance anthropomorphism,
showing stronger trust toward more anthropomorphic robots.
(3) Robot behavioral anthropomorphism affects human-robot trust, with 4–6-
year-olds trusting robots with behavioral anthropomorphic features more.
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