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Abstract
Investigations into children’s perception and acceptance of new technologies, 
including voice chatbots, robots, and virtual agents, represent an emerging and 
rapidly expanding field of academic research. These interactive dialogue systems 
offer new opportunities in various settings (e.g., educational, therapeutic, and health 
settings) by providing innovative tools to improve the effectiveness of interactions 
and overall well-being. This study investigates children’s preferences for eight virtual 
agents: four with natural human voices (one adult male, one adult female, one boy, 
and one girl) and four with synthetic voices matching the same age and gender 
distribution. A sample of 132 children aged between 4 and 10 years (excluding 
6-year-olds) was divided into four age groups to assess whether preferences 
change with development. Results suggest that younger children showed no clear 
preference between natural and synthetic voices in terms of interaction. In contrast, 
older children displayed a stronger preference for natural voices, likely due to their 
engaging qualities. While no significant differences in voice quality were noted 
among younger children, older children favored natural adult voices, which they 
perceived as clearer and more trustworthy.
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1. Introduction
From the earliest months of life, infants begin to distinguish between animate 
and inanimate objects based on a combination of visual, motor, and functional 
characteristics. This ability relies on cues such as movement, which is a key element in 
the distinction. Animate objects, such as people or animals, move in unpredictable and 
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self-regulated ways, whereas the movement of inanimate 
objects is typically predictable and caused by external 
forces.1 This distinction undergoes a gradual development 
during childhood, moving from an understanding based 
on perceptual features to a more complex one based on 
biological and intentional concepts.2 

Neuropsychological studies have demonstrated that 
specific brain regions, such as the temporal lobe, are 
implicated in the categorization of animate and inanimate 
objects, suggesting distinct neural systems for these 
categories.3 Language development is instrumental in 
facilitating children’s categorization of objects and their 
understanding of the characteristics of living things, 
including the capacity to grow and reproduce. Between the 
ages of 4 and 10, this understanding evolves towards greater 
abstraction and sophistication, a process influenced by 
cognitive and social factors.2 A growing body of research in 
human–computer interaction, human–robot interaction, 
and applied developmental psychology has explored how 
children perceive robotic and conversational agents.

These devices are often described as occupying a 
“hybrid” space, emulating animate qualities through 
features such as language, movement, and responsiveness.1 
Children may establish relationships with these agents 
that resemble those formed with people.4 Melson et al.4 
have demonstrated that children, particularly in early 
development, tend to ascribe animistic properties, such as 
intentionality or emotion, to these devices, especially when 
these objects exhibit interactive behaviors. 

In recent years, research has increasingly focused 
on how agent design features—such as voice tone, 
anthropomorphic embodiment, and interactivity—shape 
children’s social and emotional attributions. Studies have 
reported that these cues can influence empathy, trust, and 
moral reasoning, suggesting that interactions between 
children and artificial agents reflect complex socio-
cognitive processes.6–8 For instance, children may engage 
with social robots by ascribing intentions and emotional 
states, and may perceive them as ontologically distinct 
from other technological objects, such as computers. 
However, as children mature and accumulate experience, 
they become more adept at distinguishing between 
biological and mechanical capabilities.5,9 Studies have 
also shown that while children recognize the absence 
of a human brain in robots, they may still attribute 
autonomous behavior to them, as if the robots possess an 
internal mechanism that guides their actions.10 Interaction 
with reactive technological objects may therefore influence 
how children categorize animate and inanimate entities, 
creating opportunities and challenges for cognitive and 
social development.11

Perception of a conversational agent is not solely based 
on voice and interaction but also encompasses visual and 
personified elements. Users may ascribe human or living 
qualities to conversational agents, reflecting a blending of 
animate and inanimate characteristics. Visual perception 
has been demonstrated to exert a substantial influence on 
the way users engage with these agents, indicating that 
an agent’s visual manifestation can shape the relationship 
and interactions that develop.12 Recent studies have 
further confirmed that the visual and multimodal design 
of artificial intelligence-based agents plays a crucial role 
in modulating users’ engagement and perceived animacy, 
particularly in children. For example, research on embodied 
conversational agents highlights how anthropomorphic 
and emotional cues can enhance children’s learning 
experiences and moral reflection during interaction.13,14 

Children may also develop communication strategies 
that bear similarity to those employed in human 
interactions, underscoring the notion of “cross-species” 
learning and socialization. This prompts the question of 
how children differentiate between animate and inanimate 
objects when interacting with technological devices that 
possess intelligent and interactive capabilities. Some 
children may place these agents somewhere between 
technological artifacts and living beings.15

To better shed light on the tendency for children to 
attribute animistic characteristics to inanimate objects, it is 
instructive to consider the Theory of Mind (ToM), defined 
as the capacity to infer others’ emotional and mental states. 
Developmental research suggests that children begin to 
understand false beliefs and others’ mental states between 
ages 3 and 5, when they acquire the ability to attribute 
intentions, emotions, and thoughts to other people.16 This 
ability, developed through social interaction, may help 
explain why children attribute animistic characteristics 
to technological devices such as robots and voice-based 
agents, and engage with them in ways that resemble 
interaction with living beings.17 Despite being aware that 
a robot is not a human being, many children demonstrate 
empathy toward it, asking whether it is “okay” or “tired.” 
Furthermore, evidence suggests that children may 
develop moral norms toward robots, exhibiting respect or 
discomfort in responses to poor treatment.9 However, the 
extent to which ToM processes are truly engaged during 
interactions with artificial agents remains an open question. 
While existing studies17,18—mostly focused on social or 
humanoid robots—suggest that ToM-like reasoning may 
be activated when agents display contingent and socially 
meaningful behaviors, the evidence remains limited. It is 
not yet clear whether humans, and particularly children, 
develop a genuine ToM toward mechanical or virtual 
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agents that simulate intelligence and sociality rather than 
possessing them. 

These observations suggest that interactions with 
technological devices may influence children’s social and 
emotional development, prompting them to reflect on 
moral and relational concepts in a similar way as in human 
interactions.

Furthermore, recent studies19–21 have explored the use 
of conversational agents as tools for educational support, 
therapeutic intervention, and skill development in children. 
Technological devices have been investigated as tutors 
to enhance learning, as supportive tools in interventions 
for children on the autism spectrum, and as instruments 
to improve social, cognitive, and emotional abilities. 
These applications demonstrate the practical relevance of 
studying how children perceive and interact with these 
devices, highlighting the importance of understanding 
the developmental and social factors that influence these 
interactions.

The present study aims to investigate how perception 
and interaction with technological devices, such as robots 
and speech agents, develop during development. The 
research was conducted on children aged between 4 and 
10 years (6 years excluded) old attending preschool and the 
first years of primary school to explore potential differences 
related to age and gender. The investigation focused on the 
transition from a concrete and immediate understanding, 
characteristic of younger children, to a more abstract 
and complex understanding, typical of older children. 
The study also examined how this transition affects the 
attribution of psychological and animistic qualities to 
technological devices.

This study constitutes a progression of a preliminary 
pilot study (see 22) that targeted only one age group (7 
to 9 years old) sharing the same objective. The current 
study’s expanded sample allowed testing of the hypothesis 
that interaction with virtual agents changes over time, 
highlighting potential variations due to cognitive and 
emotional development.

2. Materials and methods
This study used a similar approach to that of Veneziano et 
al.22, with the exception of the participants.

2.1. Tool

A simplified and adapted version of the Virtual Agent Voice 
Acceptance Questionnaire (VAVAQ) was used to collect 
participants’ preferences. This version was optimized 
specifically for children, using simple and more accessible 
language and a smaller number of items compared to the 

original. The original questionnaire was designed to assess 
the acceptance of virtual assistants by adults and seniors 
(for the original version of the questionnaire, see 23). Our 
questionnaire was administered individually in a quiet 
classroom, in Italian, by the experimenter, who read the 
questions aloud, repeating them when necessary to ensure 
comprehension.

The questionnaire is divided into six sections:

(i) Socio-demographic information: This section 
collects general data on participants. As part of the 
background questionnaire, children reported their 
familiarity with digital devices, including smartphones, 
tablets, voice assistants, and gaming consoles. Frequency 
of use was rated on a 3-point scale (1 = every day, 2 = 
often but not daily, 3 = never), and perceived ease of use 
on a 5-point scale (1 = very easy, 2 = easy, 3 = not sure, 4 = 
difficult, 5 = very difficult).

(ii) Willingness to interact (WI): This section assesses 
participants’ interest in interacting with each agent using a 
single item per agent: 

“On a scale of 1 (not at all) to 5 (very much), how much 
would you like to continue talking to [agent name] now 
that you have seen him/her?” 

Response options: 1 = not at all, 2 = slightly, 3 = 
somewhat, 4 = quite a lot, 5 = very much.

(iii) Perception of the system: This section comprises 
two subsections, each with two items, rated on a 5-point 
Likert scale:

•	 Hedonic Qualities–Feeling (HQF):
(a)	 “I think talking to [agent name] could be 

fun.”

(b)	 “I think talking to [agent name] could be 
scary.”

•	 Useful (USE):
(a)	 “I think talking to [agent name] could teach 

me new things.”

(b)	 “I think talking to [agent name] could be 
useless.”

Response options: 1 = strongly disagree, 2 = disagree, 3 
= I do not know, 4 = agree, 5 = strongly agree.

For “useless,” scores were inverted so that higher values 
consistently reflected a more positive perception of the 
agent’s voice.

(iv) Quality of voice (QoV): This section comprises two 
items per agent, rated on a 5-point Likert scale:

(a)	 “The voice of [agent name] is very clear and 
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understandable.”
(b)	 “[Agent name] has a strange way of speaking.”

Response options: 1 = strongly disagree, 2 = disagree, 3 
= I do not know, 4 = agree, 5 = strongly agree

For “strange way of speaking,” scores were inverted so 
that higher values consistently reflected a more positive 
perception of the agent’s voice.

(v) Perceived age: This section explores the influence of 
perceived age on participants’ interest in interacting with 
each agent:

(a)	 “How old do you think [agent name] is?”
(b)	 “Does [agent name]’s age make you want to talk 

to him/her?”
Response options: Yes/No.

(c)	 “How old would you like [agent name] to be?”
Response options: Younger than me; the same age as 

me; older than me (if yes, please specify “about the same as 
my mom or dad, or about the same as my grandparents”). 

(vi) Tasks: This section includes three activities that 
explore participants’ perceptions of the agent’s suitability to 
assist with various tasks (school, homework, and games), 
rated on a 5-point scale:

“Below is a list of tasks that [agent name] could help 
you with. Please indicate how well you think he/she would 
perform each task.”

Response options: 1 = not at all suitable, 2 = slightly 
suitable, 3 = neither slightly nor very suitable, 4 = quite 
suitable, 5 = very suitable.

2.2. Stimuli

Dynamic virtual agents were created within an augmented 
reality environment supported by the Android operating 
system. For this study, eight agents were used, equally 
balanced by age and gender. The natural-voice agents 
comprised two adults—a male (Mattia) and a female 
(Noemi)—and two children—a boy (Andrea) and a girl 
(Vittoria). The synthetic-voice agents followed the same 
age and gender distribution.

Each agent was introduced with the sentence: “Hello, 
my name is [agent name], would you like to play with 
me?” The sentence was presented in Italian, and the 
name corresponded to the specific agent’s identity. The 
characteristics of the video stimuli, including agent type, 
age, gender, and voice condition, are summarized in Table 
1.

The agents’ voices were generated by Acapela Group, 
a company specializing in high-quality text-to-speech 
solutions, while the human voices were recorded using the 

free software Audacity 3.7.5 (http://www.audacityteam.
org). All recordings were captured with the same parameters 
(22 kHz, 16-bit WAV) and normalized for loudness using 
Audacity’s internal settings to ensure consistent playback 
levels across agents.

The fundamental frequencies (F0) of the four analyzed 
natural voices were extracted using Parselmouth 0.4.7, a 
Python interface for Praat. The average, minimum, and 
maximum F0 values were calculated for each file. The 
male child had an average F0 frequency of 229.1 Hz, with 
minimum and maximum values of 193 Hz and 451.7 Hz, 
respectively. The female child had an average F0 of 312.5 
Hz, with minimum and maximum values of 151.2 Hz and 
459.7 Hz, respectively, which are consistent with the higher 
pitch typically associated with a child’s voice. The adult 
male had an average F0 of 130.9 Hz, with minimum and 
maximum values of 92.7 Hz and 171.0 Hz, respectively, 
which are compatible with an adult male voice. The adult 
female had an average F0 of 199.5 Hz, with minimum and 
maximum values of 109.2 Hz and 328.2 Hz, respectively, 
which are consistent with an adult female voice. These 
results confirm the expected differences in average F0 and 
variability in minimum and maximum values between 
adult and child voices, and between male and female 
voices. 

As for the synthetic voices, the average F0 for the male 
child was 274.5 Hz, with minimum and maximum values 
of 218 Hz and 322.2 Hz, respectively, making it slightly 
higher-pitched than the natural voice. The synthetic voice 
of the female child had an average F0 of 259.0 Hz, with 
minimum and maximum values of 123.9 Hz and 339.0 Hz, 
respectively. The average F0 of the male adult’s synthetic 
voice was 115.2 Hz, with minimum and maximum 
values of 81.6 Hz and 158.6 Hz, respectively. The female 
adult’s synthetic voice had an average F0 of 201.1 Hz, with 
minimum and maximum values of 153.4 Hz and 265.2 
Hz, respectively. Overall, synthetic voices replicate the 
fundamental frequency characteristics of natural voices, 
with slight variations due to the synthesis process.

Speech rate was measured as the duration of each 
sentence from onset to offset. Sentences ranged from 4 
to 6 s across agents, corresponding to 3.0–3.5 syllables 
per second. This pacing ensured that all agents—natural 
and synthetic—were presented with comparable temporal 
dynamics, maintaining ecological validity and avoiding 
artificial acceleration or slowing of speech. The recordings 
were made in a soundproof environment. The background 
noise ranged from −96.5 dBFS to −94 dBFS between voices, 
indicating very low background noise and excellent signal 
quality. Stimuli were delivered via MDR-ZX110 stereo 
on-ear headphones (Sony, Japan) connected to a laptop, 
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with playback volume fixed at 80% of system output. 
Participants were seated about 50 cm from the computer 
screen (15″), allowing clear visual access to the agents while 
maintaining a comfortable posture. Adjustments to screen 
distance or headphone positioning were made as needed 
to accommodate individual children’s requirements (e.g., 
visual acuity or comfort). The video clips, averaging 
around four seconds in length, showed the agents in full-
body view, with lip movements synchronized to the audio.

2.3. Participants

The study involved a total of 132 children recruited from 
the State Education Department III Carlo Collodi District 
in Pagani, Salerno. The participants were divided into four 
groups according to the class they attended: 37 children 
from the preschool (21 boys, mean [M] age = 4.51 years; 
SD ±0.55), 35 from the second class (17 boys, M age = 7.14 
years; SD = ±0.35), 30 from the third class (19 boys, M age 
= 8.13 years; SD = ±0.34) and another 30 from the fourth 
class (16 boys, M age = 9.13 years; SD = ±0.47).

Age groups were defined according to school grades to 
capture developmental changes in children’s preferences 
over time. The nursery school group included children 
aged 4 and 5, excluding 6-year-olds due to their transitional 
status between nursery school and primary school. 
Similarly, children in the fifth year of primary school, who 
were transitioning to secondary school, were excluded. 

The subsequent groups corresponded to second, third, and 
fourth grades, representing ages 7, 8, and 9, respectively. 
Although the initial plan was to include children up to age 
9, some fourth-class participants had already turned 10; 
these children were retained in the analyses to preserve 
the grouping based on school grade and ensure ecological 
validity. This approach allows the study to explore 
developmental trends while maintaining a clear link to 
educational stages.

2.4. Procedure

Following the acquisition of informed consent from 
parents and assent from children, participants were invited 
into a quiet room that had been specially established for 
the experiment. The experimenter proceeded to introduce 
himself and explain the planned activities, emphasizing 
that the children were at liberty to withdraw at any time. 
The children then donned headphones and initiated the 
experiment, which consisted of the observations of eight 
video clips featuring the virtual agents (Figure S1). The 
order of the video clips and the sections of the questionnaire 
were randomized individually using a Google-based 
application. The randomization of the sequence was 
adopted to prevent potential distortions related to fatigue, 
learning effects, or habituation to a specific sequence. 
Following the observation of each video, participants were 
administered the VAVAQ corresponding to the agent they 
had just observed.

Table 1. Details of agents

Agent name Category Gender Voice source Clip duration 
(s) Motion Identical phrase Language/Locale

Mattia Adult Male Natural (human 
recording) 4 Mouth 

only
“Ciao, sono Mattia, ti va 
di giocare con me?” Italian

Noemi Adult Female Natural (human 
recording) 4 Mouth 

only
“Ciao, sono Noemi, ti va 
di giocare con me?” Italian

Andrea Child Male Natural (human 
recording) 4 Mouth 

only
“Ciao, sono Andrea, ti va 
di giocare con me?” Italian

Vittoria Child Female Natural (human 
recording) 4 Mouth 

only
“Ciao, sono Vittoria, ti va 
di giocare con me?” Italian

Mattia-TTS Adult Male Synthetic (TTS) 4 Mouth 
only

“Ciao, sono Mattia, ti va 
di giocare con me?” Italian

Noemi-TTS Adult Female Synthetic (TTS) 4 Mouth 
only

“Ciao, sono Noemi, ti va 
di giocare con me?” Italian

Andrea-TTS Child Male Synthetic (TTS) 4 Mouth 
only

“Ciao, sono Andrea, ti va 
di giocare con me?” Italian

Vittoria-TTS Child Female Synthetic (TTS) 4 Mouth 
only

“Ciao, sono Vittoria, ti va 
di giocare con me?” Italian

Abbreviation: TTS: Text-to-speech.
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2.5. Statistical analysis

The present study employed repeated-measures ANOVA 
to investigate children’s preferences for the virtual agents. 
Scores from the two sections of the questionnaire relevant 
to this study—WI and QoV—were analyzed independently. 
The analyses included the type of agent (8 agents: 4 human-
voiced, 4 synthetic-voiced) as a within-subjects factor, and 
participant gender and grade as between-subjects factors. 
Age of the agent was not included as a separate factor, 
as it is implicitly represented by the agent type (child vs. 
adult). Mauchly’s test was conducted to assess sphericity, 
and Greenhouse–Geisser corrections were applied 
where violations were detected. Post-hoc comparisons 
were performed using Tukey’s test to examine pairwise 
differences between agent types. The significance level was 
set at α = 0.05. Partial eta squared (ηp2) was reported as a 
measure of effect size. 

The WI section consisted of a single-item measure, 
so reliability analyses were not applicable. Descriptive 
statistics (M, SD, min, max) were reported for each agent 
across the entire sample (Table S1). 

Reliability analyses were performed for QoV, which 
comprised two items: clarity and comprehensibility of 
speech and perception of speech strangeness. The latter 
was reverse-scored so that higher scores consistently reflect 
a more positive rating, yielding a moderate Cronbach’s 
alpha coefficient for all human agents (α = 0.503; Table S2). 
The two items were moderately correlated, supporting the 
consistency of the section. 

Marginal means plots (Figures S2–S4) were generated 
to illustrate the effects of agent voice type (natural or 
synthetic) across grades (preschool, second, third, and 
fourth grades) for both WI and QoV. Estimated marginal 
descriptive tables (M ± SD; Tables S3–S11) were generated 
to illustrate the effects of agent type (voice, age, and gender) 
and participant grade (preschool, second, third, and fourth 
grades). These tables include values only for significant 
interactions, offering a detailed overview of the observed 
differences without interrupting the narrative flow. To 
facilitate interpretation, two acronyms were adopted to 
distinguish between the two voice types: NV for natural 
voice and SV for synthetic voice.

Descriptive results on children’s technological 
experience and perceived ease of use of devices were also 
reported, providing context for their interaction with the 
agents and helping to interpret developmental differences 
across age groups.

3. Results
3.1. Frequency of use and perceived ease of 
technological devices

Participants reported daily use of technological devices, 
and their perceived ease of use was assessed across four 
age groups: preschool (kindergarten), second, third, 
and fourth grades. In the preschool group (Figure 1), 
smartphones were used every day by 56.76% of children, 
often by 32.43%, and never by 10.81%. Tablets were used 
daily by 54.05%, often by 18.92%, and never by 27.03%. 
Voice assistants were used daily by 21.62%, often by 
24.32%, and never by 54.05%, while gaming consoles were 
used daily by 50%, often by 11.11%, and never by 38.89%. 
In terms of perceived ease of use (Figure 2), smartphones 
were rated very easy by 75%, easy by 5.56%, not sure by 
2.78%, difficult by 16.67%, and very difficult by 0%. Tablets 
were rated very easy by 59.46%, easy by 18.92%, not sure 
by 13.51%, difficult by 5.41%, and very difficult by 2.70%. 
Voice assistants were rated very easy by 62.16%, easy by 
8.10%, not sure by 5.40%, difficult by 5.40%, and very 
difficult by 18.91%, while gaming consoles were considered 
very easy by 40.54%, easy by 5.41%, not sure by 8.11%, 
difficult by 32.43%, and very difficult by 13.51%.

In the second-grade group (Figure 3), daily smartphone 
use was 17.14%, often use was 71.43%, and never use 
was 11.43%. Tablets were used daily by 11.43%, often by 
28.57%, and never by 60.00%. Voice assistants were used 
daily by 2.86%, often by 57.14%, and never by 40.00%, 
while gaming consoles were used daily by 34.29%, often 
by 51.43%, and never by 14.29%. For perceived ease of use 
(Figure 4), smartphones were very easy for 28.57%, easy 
for 40.00%, not sure for 28.57%, and difficult for 2.86%. 
Tablets were very easy for 34.29%, easy for 28.57%, not sure 
for 34.29%, and difficult for 2.86%. Voice assistants were 
very easy for 74.29%, easy for 2.86%, not sure for 17.14%, 
and difficult for 5.71%. Gaming consoles were very easy for 
28.57%, easy for 20.00%, not sure for 37.14%, difficult for 
11.43%, and very difficult for 2.86%.

Among third-grade participants (Figure 5), 
smartphones were used daily by 10.00%, often by 73.33%, 
and never by 16.67%. Tablets had the lowest daily use 
(6.67%), were often used by 20.00%, and were never used 
by 73.33%. Voice assistants were used daily by 16.67%, 
often by 50.00%, and never by 33.33%, while gaming 
consoles were used daily by 36.67%, often by 53.33%, and 
never by 10.00%. Smartphones were perceived as very 
easy by 46.67%, easy by 30.00%, not sure by 16.67%, and 
difficult by 6.67% (Figure 6). Tablets were very easy for 
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Figure 1. Frequency of use of technological devices reported by preschool participants

Figure 2. Perceived ease of use of technological devices reported by preschool participants

36.67%, easy for 33.33%, not sure for 20.00%, and difficult 
for 10.00%. Voice assistants were very easy for 63.33%, easy 
for 16.67%, not sure for 10.00%, and difficult for 10.00%. 
Gaming consoles were very easy for 17.95%, easy for 
15.38%, not sure for 33.33%, and difficult for 33.33%.

In fourth-grade participants (Figure 7), smartphones 
were used daily by 31.03%, often by 62.07%, and never by 
6.90%. Tablets were used daily by 16.67%, often by 30.00%, 
and never by 53.33%. Voice assistants were used daily by 
20.00%, often by 26.67%, and never by 53.33%, whereas 

gaming consoles were used daily by 26.67%, often by 
53.33%, and never by 20.00%. In terms of perceived ease of 
use (Figure 8), smartphones were very easy for 30.00%, easy 
for 43.33%, and not sure for 26.67%. Tablets were very easy 
for 30.00%, easy for 46.67%, and not sure for 23.33%. Voice 
assistants were very easy for 73.33%, easy for 16.67%, not 
sure for 6.67%, and difficult for 3.33%. Gaming consoles 
were very easy for 23.33%, easy for 40.00%, not sure for 
30.00%, and difficult for 6.67%. 

Overall, these results indicate that smartphones and 

https://doi.org/10.36922/DP025370040


Design+Design+ Children’s preferences for virtual agents

Volume 3 Issue 1 (2026)	 8� doi: 10.36922/DP025370040

Figure 3. Frequency of use of technological devices reported by second-grade participants

Figure 4. Perceived ease of use of technological devices reported by second-grade participants

gaming consoles were the most frequently used devices 
across age groups, whereas tablets and voice assistants 
showed lower daily usage, particularly among older 
participants. Voice assistants were consistently perceived 
as the easiest devices to use, while gaming consoles were 
generally rated as more challenging, especially among 
older participants. 

3.2. Willingness to interact

Repeated measures ANOVA was conducted on the WI 
scores. The results, including main effects and interactions, 

are reported in Table 2. Mauchly’s test indicated that the 
assumption of sphericity was violated (χ²[27] = 71.781, 
p < 0.001, W = 0.554); therefore, Greenhouse–Geisser 
correction was applied (ε = 0.873).

The analysis revealed that a significant main effect of 
participants’ gender was not observed (F(1,124) = 0.598, p = 
0.441, ηp2 = 0.005). A significant main effect of participants’ 
grade was observed (F(3,124) = 3.474, p = 0.018, ηp2 = 
0.078). Tukey’s post-hoc comparisons indicated that third-
grade participants reported a significantly higher WI (M = 
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Figure 5. Frequency of use of technological devices reported by third-grade participants

Figure 6. Perceived ease of use of technological devices reported by third-grade participants

4.534, SD = 0.150) than preschool participants (M = 3.890, 
SD = 0.132; p = 0.010).

A significant main effect of agent type emerged (F(6.11, 
757.80) = 5.445, p < 0.001, ηp2 = 0.042). Tukey’s post-hoc 
comparisons for the main effect of agent type indicated 
that both adult NV agents and the female child NV agent 
were significantly preferred for WI compared to both 
adult SV agents. Specifically, the male adult NV agent (M 
= 4.370, SD = 0.104) scored higher on WI than the male 
(M = 3.820, SD = 0.139; p = 0.008) and female (M = 3.873, 
SD = 0.139; p = 0.045) adult SV agents. The female adult 

NV agent (M = 4.474, SD = 0.107) scored higher than the 
male (M = 3.820, SD = 0.139; p = 0.002) and female (M = 
3.873, SD = 0.139; p = 0.003) adult SV agents. The female 
child NV agent (M = 4.389, SD = 0.107) reported higher 
WI scores than the male (M = 3.820, SD = 0.139; p = 0.008) 
and female (M = 3.873, SD = 0.139; p = 0.039) adult SV 
agents.

A significant interaction between agent type and 
participant gender was observed (F(6.11, 757.80) = 2.924, 
p = 0.008, ηp2 = 0.023). Tukey’s tests were performed 
for every factor (participants’ gender and agent types), 
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revealing the following:

(i)	 Regarding participants’ gender differences in 
attributing WI scores to the agent types, male 
participants (M = 4.573, SD = 0.160) showed 
more WI with male child NV than female 
participants (M = 4.004, SD = 0.180; p = 0.019). 
Similarly, male participants (M = 4.170, SD = 
0.184) showed more WI with male adult SV than 
female participants (M = 3.470, SD = 0.207; p = 
0.013).

(ii)	 Regarding the differences among agent types 
within each gender group in the assignment of 
WI scores, male participants showed more WI 
with male child NV (M = 4.573, SD = 0.160) 
than female adult SV (M = 3.844, SD = 0.185; p 
= 0.039). Female participants showed more WI 
with male adult NV (M = 4.331, SD = 0.156) than 
male adult SV (M = 3.470, SD = 0.207; p = 0.044). 
Furthermore, female adult NV (M = 4.625, SD = 
0.159) was preferred over female adult SV (M = 

Figure 7. Frequency of use of technological devices reported by fourth-grade participants

Figure 8. Perceived ease of use of technological devices reported by fourth-grade participants
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3.902, SD = 0.208; p = 0.043), while female child 
NV (M = 4.391, SD = 0.159) reported higher 
scores than male adult SV (M = 3.470, SD = 0.207; 
p = 0.002).

No significant interaction was found between agent 
type and grade of participant (F(18.334, 757.80) = 1.258, p 
= 0.207, ηp2 = 0.030).

3.3. Quality of voice: Clear and understandable 
language

A repeated-measures ANOVA was conducted on the QoV 
(clear and understandable language) scores. Mauchly’s 
test indicated that the assumption of sphericity was 
violated (χ²(27) = 67.586, p < 0.001, W = 0.573); therefore, 
Greenhouse-Geisser correction was applied (ε = 0.873).

The analysis revealed that a significant main effect 
of participants’ gender was not observed (F(1,124) < 
0.001, p = 0.985, ηp2 < 0.001). A significant main effect 
of participants’ grade was observed (F(3,124) = 4.599, 
p = 0.004, ηp2 = 0.100). Tukey’s post-hoc comparisons 
indicated that third-grade participants (M = 4.476, SD = 
0.142) reported significantly higher perceptions of clarity 
and comprehensibility than preschool participants (M = 
3.932, SD = 0.124; p = 0.028) and fourth-grade participants 
(M = 3.892, SD = 0.137; p = 0.022).

A significant main effect of agent type emerged (F(6.11, 
758.04) = 6.306, p < 0.001, ηp2 = 0.048). Tukey’s post-hoc 
comparisons indicated a significant perception of clarity 
and comprehensibility for female adult NV and female 
child NV over male adult SV. Male child NV received 
higher scores than male adult SV, female adult SV, and 
male child SV. Specifically, female adult NV (M = 4.336, 
SD = 0.105) scored higher than male adult SV (M = 3.770, 
SD = 0.138; p = 0.016). Female child NV (M = 4.373, SD = 
0.102) scored higher than male adult SV (M = 3.770, SD = 
0.138; p = 0.003). Male child NV (M = 4.532, SD = 0.090) 
reported higher scores than male adult SV (M = 3.770, 
SD = 0.138; p < 0.001), female adult SV (M = 3.948, SD 
= 0.122; p = 0.007), and male child SV (M = 4.001, SD = 
0.111; p < 0.001).

A significant interaction between agent type and 
participant grade was observed (F(18.34, 758.04) = 2.900, p 
< 0.001, ηp2 = 0.066). Tukey tests were performed for each 
factor (participants’ grade and agent types), revealing the 
following:

(i)	 Regarding participants’ grade differences, female 
adult NV received higher ratings from second-
grade participants (M = 4.688, SD = 0.201) than 
preschool participants (M = 3.821, SD = 0.197; p 
= 0.016), and from third-grade participants (M = 
4.947, SD = 0.225) than fourth-grade participants 

(M = 3.888, SD = 0.218; p = 0.006). Third-grade 
participants (M = 4.947, SD = 0.225) also rated 
this agent higher than preschool participants (M 
= 3.821, SD = 0.197; p = 0.002). For female adult 
SV, preschool participants (M = 4.354, SD = 0.228) 
rated it higher than fourth-grade participants (M 
= 3.022, SD = 0.251; p = 0.001), and second-grade 
participants (M = 4.221, SD = 0.232) and third-
grade participants (M = 4.194, SD = 0.260) rated it 
higher than fourth-grade participants (M = 3.022, 
SD = 0.251; p = 0.004 and p = 0.009, respectively).

(ii)	 Regarding differences among agent types within 
each grade, in the preschool group, male child 
NV (M = 4.238, SD = 0.168) scored higher than 
male child SV (M = 3.406, SD = 0.208; p = 0.018). 
Female child NV (M = 4.262, SD = 0.191) scored 
higher than male child SV (M = 3.406, SD = 
0.208; p = 0.016). Female adult SV (M = 4.354, SD 
= 0.228) scored higher than male child SV (M = 
3.406, SD = 0.208; p = 0.032). 

In the fourth-grade group, male child NV (M = 4.737, 
SD = 0.186) received higher scores than male adult NV 
(M = 3.790, SD = 0.251; p = 0.027), female adult NV (M = 
3.888, SD = 0.218; p = 0.032), male adult SV (M = 3.170, SD 
= 0.286; p <0.001), and female adult SV (M = 3.022, SD = 
0.251; p < 0.001). Female child NV (M = 4.232, SD = 0.211) 
scored higher than both male adult SV (M = 3.170, SD = 
0.286; p = 0.027) and female adult SV (M = 3.022, SD = 
0.251; p = 0.017). Female child SV (M = 4.259, SD = 0.246) 
scored higher than male adult SV (M = 3.170, SD = 0.286; 
p = 0.013) and female adult SV (M = 3.022, SD = 0.251; p 
= 0.002). Male child SV (M = 4.036, SD = 0.230) scored 
higher than female adult SV (M = 3.022, SD = 0.251; p = 
0.002).

No significant interaction was found between agent 
type and gender (F(6.11, 758.04) = 1.900, p = 0.077, ηp2 
= 0.015).

3.4. Quality of voice: Strange way of speaking 

After inverting the coding of the “strange way of speaking” 
element, higher scores indicate a more natural and less 
unusual vocal quality, while lower scores indicate a stranger 
vocal quality.

Repeated measures ANOVA was conducted on the QoV 
(strange way of speaking) scores. Mauchly’s test indicated 
that the assumption of sphericity was violated (χ²(27) 
= 98.602, p < 0.01, W = 0.444); therefore, Greenhouse-
Geisser correction was applied (ε = 0.833).

The analysis revealed that a significant main effect 
of participants’ gender was not observed (F(1,124) = 
2.779, p = 0.098, ηp2 = 0.022). A significant main effect 
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of participants’ grade was observed (F(3,124) = 3.352, 
p = 0.021, ηp2 = 0.075). Tukey’s post-hoc comparisons 
indicated that third-grade participants (M = 4.299, SD 
= 0.167) reported significantly lower perceptions of 
strangeness than preschool participants (M = 3.642, SD = 
0.146; p = 0.021).

A significant main effect of agent type emerged (F(5.82, 
722.72) = 15.007, p < 0.001, ηp2 = 0.108). Tukey’s post-hoc 
comparisons for the main effect of agent type indicated 
that, compared to the female adult NV, male child NV, 
and female child NV, all other SV agents were perceived 
as strangers. Specifically, male adult NV (M = 4.164, 
SD = 0.127), female adult NV (M = 4.359, SD = 0.113), 
male child NV (M = 4.367, SD = 0.112), and female child 
NV (M = 4.595, SD = 0.096) scored higher than both 
male and female adult SV agents (male: M = 3.430, SD 
= 0.150; female: M = 3.490, SD = 0.146; p < 0.001 for all 
comparisons). Female adult NV (M = 4.359, SD = 0.113) 
also scored higher than male child SV (M = 3.758, SD = 
0.147; p < 0.001) and female child SV (M = 3.761, SD = 
0.148; p = 0.016). Male child NV (M = 4.367, SD = 0.112) 
scored higher than male child SV (M = 3.758, SD = 0.147; 
p = 0.014) and female child SV (M = 3.761, SD = 0.148; p 
= 0.012). Female child NV (M = 4.595, SD = 0.096) scored 
higher than male child SV (M = 3.758, SD = 0.147; p < 
0.001) and female child SV (M = 3.7 61, SD = 0.148; p < 
0.001).

A significant interaction between agent type and 
participant grade was observed (F(17.48, 722.72) = 3.334, p 
< 0.001, ηp2 = 0.075). Tukey tests were performed for each 
factor (participants’ grade and agent types), revealing the 
following:

(i)	 Regarding participants’ grade differences, male 
adult NV received significantly higher ratings 
from second-grade participants (M = 4.690, SD 
= 0.242) and third-grade participants (M = 4.699, 
SD = 0.272) compared to preschool participants 
(M = 3.330, SD = 0.238; p = 0.001 for both 
comparisons). Female adult NV was rated higher 
by second-grade (M = 4.456, SD = 0.216), third-
grade (M = 4.842, SD = 0.242), and fourth-grade 
participants (M = 4.603, SD = 0.234) compared to 
preschool participants (M = 3.536, SD = 0.212; p 
= 0.018 vs. second grade, p = 0.001 vs. third grade, 
and p = 0.018 vs. fourth grade).

Male child NV received higher ratings from third-
grade participants (M = 4.694, SD = 0.240) than preschool 
participants (M = 3.664, SD = 0.210; p = 0.009), and 
from fourth-grade participants (M = 4.786, SD = 0.231) 
than preschool participants (p = 0.003). Female adult SV 
received higher ratings from preschool participants (M = 

4.101, SD = 0.274) than from fourth-grade participants (M 
= 2.879, SD = 0.302; p = 0.020).

(ii)	 Regarding differences among agent types within 
each grade, in the preschool group, female child 
NV (M = 4.320, SD = 0.180) received higher 
ratings than male adult NV (M = 3.330, SD = 
0.238; p = 0.006), female adult NV (M = 3.536, SD 
= 0.212; p = 0.013), and male child SV (M = 3.265, 
SD = 0.276; p = 0.004).

In the second-grade group, male adult NV (M = 4.690, 
SD = 0.242) received higher ratings than male adult SV (M 
= 3.618, SD = 0.286; p = 0.016).

In the third-grade group, male adult NV (M = 4.699, 
SD = 0.272), female adult NV (M = 4.842, SD = 0.242), 
male child NV (M = 4.694, SD = 0.240), and female child 
NV (M = 4.947, SD = 0.206) were rated higher than female 
adult SV (M = 3.304, SD = 0.312; p = 0.007 vs. both male 
adult and child NV, p = 0.001 vs. female adult NV, and p < 
0.01 vs. female child NV). Female child NV was also rated 
higher than male adult SV (M = 3.818, SD = 0.320; p = 
0.038).

In the fourth-grade group, male adult NV (M = 3.938, 
SD = 0.262) received higher ratings than male adult SV (M 
= 2.790, SD = 0.310; p = 0.018). Female adult NV (M = 
4.603, SD = 0.234) received higher ratings than both male 
adult SV (M = 2.790, SD = 0.310; p <0.001) and female 
adult SV (M = 2.879, SD = 0.302; p < 0.001). Female child 
NV (M = 4.763, SD = 0.199) and male child NV (M = 
4.786, SD = 0.231) were rated higher than male adult SV 
(M = 2.790, SD = 0.310; p <0.001 vs. female child NV and p 
< 0.001 vs. male child NV), female adult SV (M = 2.879, SD 
= 0.302; p < 0.001 for all comparisons), and female child 
SV (M = 3.652, SD = 0.306; p = 0.039 vs. male child NV 
and p = 0.013 vs. female child NV).

No significant interaction was found between agent 
type and participant gender, F(5.82, 722.72) = 1.624, p = 
0.140, ηp2 = 0.013.

4. Discussion 
This study examined how children of different ages perceive 
and interact with voice assistants characterized by different 
vocal qualities. The results revealed two main aspects: 
the proclivity to interact and the clarity and intelligibility 
of the voice. These elements offer significant insights 
into children’s cognitive and emotional development, as 
well as their expectations of speech technologies. While 
a preceding study22 had only examined one age group, 
the current research confirms and extends the emerging 
evidence.

Willingness to interact appears to be primarily 
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influenced by age and voice type, with no significant main 
effect of participant gender. Third-grade participants 
reported a greater WI than preschool participants, 
reflecting developmental progression in the ability to 
interact with technological agents. This age-related trend 
suggests that, as children grow older, they develop a greater 
interest in interacting with such agents. The consistent 
preference for agents with natural voices indicates 
that children find human-like voices more acceptable, 
understandable, and engaging than synthetic ones. These 
preferences are evident in both the desire to interact and 
the evaluation of voice clarity and strangeness, highlighting 
the importance of vocal naturalness in shaping children’s 
responses. Interactions between agent type and participant 
gender further clarify these patterns. While gender had 
no significant effect, male participants were found to be 
more willing to interact with agents of the same gender. In 
contrast, female participants showed a marked preference 
for agents with natural voices, regardless of the agent’s 
gender. These findings suggest that males may be more 
influenced by identification with peers or similar figures, 
whereas females may place greater importance on clarity, 

naturalness, and voice quality, evaluating the agent based 
on its communicative characteristics rather than its gender. 

Therefore, children’s preferences varied not only by 
gender but also by age. Older participants showed a clearer 
distinction in their evaluations of agent voices, regardless 
of the agent’s age or gender. Overall, participants attributed 
greater clarity and less strangeness to natural voices, 
whereas synthetic voices were perceived as unfamiliar or 
strange, although this perception decreased with age. This 
is probably due to greater experience with digital voices and 
greater sensitivity to vocal differences. These results could 
be interpreted in various ways. As previously suggested 
in the context of ToM development, older children’s 
enhanced capacity to attribute mental states and intentions 
to vocal agents may influence their evaluations of clarity 
and strangeness. However, the definitive link between ToM 
and preferences remains unknown.16 In line with previous 
observations24, children prefer agents that emit natural and 
socially engaging tones, which are often associated with 
human-like qualities and effective communication. 

Additionally, the results may be consistent with broader 

Table 2. A summary of the repeated measures ANOVA results

Effect df F p-value ηp²

Willingness to interact

Agent type 6.111, 757.80 5.445 <0.001 0.042

Participant grade 3, 124 3.474 0.018 0.078

Participant gender 1,124 0.598 0.441 0.005

Agent type × Participant 
gender 6.111, 757.80 2.924 0.008 0.023

Agent type × Participant 
grade 18.334, 757.80 1.258 0.207 0.030

Quality of voice: Clear and understandable language

Agent type 6.111, 758.04 6.306 <0.001 0.048

Participant grade 3, 124 4.599 0.004 0.100

Participant gender 1, 124 <0.001 0.985 <0.001

Agent type × Participant 
gender 6.111, 758.04 1.900 0.077 0.015

Agent type × Participant 
grade 18.343, 758.04 2.900 <0.001 0.066

Quality of voice: Strange way of speaking 

Agent type 5.828, 722.72 15.007 <0.001 0.108

Participant grade 3, 124 3.352 0.021 0.075

Participant gender 1, 124 2.779 0.098 0.002

Agent type × Participant 
gender 5.828,722.72 1.624 0.140 0.013

Agent type × Participant 
grade 17.485, 722.72 3.334 <0.001 0.075
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theories of cognitive and social development. Piaget’s25 

theory states that, during the preoperational stage (ages 
2–7), children rely on direct perception and immediacy 
rather than abstract reasoning. As development progresses, 
however, more defined preferences emerge. In the concrete 
operational stage (ages 7–11), children acquire more 
advanced skills that lead them to appreciate the authenticity 
and naturalness of voices. Symbolic play and identification 
processes can also enhance positive interactions with 
synthetic voice agents in playful or emotionally salient 
contexts.

Furthermore, according to one theory, the attribution 
of psychological and animistic characteristics to voice 
agents changes with age.5 Younger children tend to ascribe 
intentions and emotions to these agents, perceiving them as 
semi-living entities. This forms an intermediate ontological 
category, with these children considering voice agents as 
“hybrids” between living beings and technological objects. 
In contrast, older children, as demonstrated in the research 
by Severson and Carlson26, come to recognize the artificial 
nature of these agents. This evolutionary transition is 
consistent with conceptual frameworks based on biological 
and intentional reasoning.2 Previous studies27 have shown 
that children aged 4 to 7 tend to attribute innate cognitive 
abilities to robots, while those aged 8 to 10 demonstrate 
greater technological awareness. This reflects a change in 
perspective that parallels the observed preference for more 
natural and realistic vocal characteristics.

Interestingly, third-grade participants stood out, 
showing significantly higher scores than fourth-grade 
participants in both WI and perception of voice clarity. 
This pattern may suggest that children at this age are 
particularly sensitive to vocal differences. Alternatively, 
the increased linguistic and social experience gained 
between ages 9 and 10 (fourth-grade participants) might 
make older children more accustomed to vocal variations, 
leading them to perceive differences without emphasizing 
them as younger children do.

5. Limitations
This study has several limitations that should be 
considered when interpreting the findings. First, the 
sample was recruited from a single Italian school, reducing 
its representativeness and limiting the generalizability of 
the conclusions to other educational contexts. Moreover, 
the cross-sectional nature of the research does not allow 
for the monitoring of changes in children’s behaviors or 
perceptions over time, preventing causal inferences.

A further limitation concerns the absence of social and 
environmental variables, such as family context, which 
could have significantly affected the observed results. 

Although data on children’s technological experience and 
perceived ease of use of digital devices were collected, 
these variables were not analyzed as predictors in the 
present study. Finally, some variables showed mean 
scores approaching the maximum of the scale, suggesting 
potential ceiling effects. 

6. Conclusion
Despite the limitations, the present study provides 
unequivocal evidence that children’s preferences and 
perceptions of voice agents are influenced by age, gender, 
and cognitive development. It has been demonstrated that 
older children, specifically those in third grade, exhibit 
heightened sensitivity about their propensity to engage 
in interaction, as well as their capacity to discern natural 
voices from synthetic ones. The present study found that 
male participants generally expressed a preference for 
agents of the same gender that was not influenced by 
voice quality. In contrast, female participants consistently 
demonstrated a preference for natural voices, irrespective 
of the gender of the agent. The perception of strangeness 
decreased with age, reflecting an increasing ability to adapt 
to vocal variations. The findings emphasize the necessity 
of designing voice agents that are age-appropriate, socially 
recognizable, and vocally natural, with the objective of 
enhancing engagement and comprehension in interactions 
between children and agents.

Several questions remain unresolved and thus 
require further investigation. For instance, it is crucial 
to investigate the developmental trajectories of children’s 
perceptions of voice agents over time. Longitudinal 
research could reveal how preferences and interaction 
patterns evolve across different stages of development. 
Alternatively, consideration may be given to the way socio-
cultural variations influence children’s vocal perceptions 
and preferences. Cross-cultural studies have the potential 
to yield valuable insights.

Finally, the question arises as to whether integrating 
design features could enhance the adaptability of voice 
agents to varying stages of cognitive and emotional 
development. This could be a promising direction for 
future research. The potential benefits of such efforts 
include greater personalization and acceptance of voice 
agents, ultimately fostering more engaging interactions.
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