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1  Introduction

Recently, the necessity of education that broadens or deep-
ens the perspectives of children has been emphasized. Edu-
cation for sustainable development (ESD) has emerged to 
address the escalating challenges of sustainability through 
education [1], which UNESCO promotes internationally 
[2]. It utilizes action-based and innovative pedagogical 
methods, empowering learners to gain understanding, raise 
their awareness, and actively contribute to transforming the 
society toward greater sustainability [1]. One success of 
ESD is equipping children to think from diverse perspec-
tives [1]. Interactive activities are important for broadening 
or deepening their perspectives [3]. Although it would be 
ideal for teachers to intervene for each student and provide 
such activities, this approach is unrealistic from the per-
spective of physical and human resource costs. One pre-
vious study aimed to promote discussions among students 
[4]. However, if the knowledge of students is insufficient, 
teacher support is still necessary [5].

Introducing artificial intelligence (AI) and robot technolo-
gies into educational practices can offer promising solutions to 
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Abstract
This study aims to establish a method for designing dialogue robots that can broaden or deepen the perspectives of chil-
dren. Previous research has suggested that artificial intelligence (AI) can broaden or deepen perspectives by facilitating 
critical dialogues. Critical thinking emphasizes not only counterarguments, but also appropriate evaluations and affirma-
tions. However, the development and validation of AI and robots that consider this aspect has been insufficient. Therefore, 
this study hypothesizes that robots that affirm the opinions of children while presenting new perspectives can broaden or 
deepen their viewpoints. We introduced dialogue robots in primary school science classes to verify this hypothesis. Both 
subjective evaluations by the children and objective evaluations by third parties confirmed that the proposed approach pro-
motes broadening or deepening the perspectives of children and improves the impression of the robot (anthropomorphism, 
likeability, and perceived intelligence). Furthermore, we found that, through the medium of likeability, the subjective eval-
uation of broadening or deepening the perspective is enhanced, and also the objective evaluation might be improved. This 
study provides valuable insight into the design of dialogue robots that can broaden or deepen the perspective of children.
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these challenges. Many studies on AI and human-robot interac-
tion have demonstrated that they can have educational benefits 
([6–19]). Unlike humans, robots possess consistent abilities and 
provide continuous support without fatigue [20]. Moreover, it 
has been suggested that AI could support teachers in fostering 
creativity, critical thinking, and problem solving in schools and 
educational settings [21]. Consequently, the incorporation of AI 
and robots into educational environments is expected to support 
teachers, ultimately promoting support for education of children.

Critical dialogue is an effective way to broaden or deepen per-
spectives of children. A previous study suggested that AI could 
enhance the perspectives of users by promoting critical dialogues 
[22]. Critical thinking is essentially the capacity for analytical thought 
and serves as a vital component for personal civic involvement and 
economic achievement [23]. Future citizens are anticipated to cul-
tivate critical thinking skills, as these abilities significantly influ-
ence the advancement of innovation [24]. In critical thinking, not 
only refutation, but also appropriate evaluation and affirmation are 
important [25]. However, the development and exploration of AI 
and robots that consider this aspect remain insufficient. Uchida et 
al. [26] conducted a study on impression changes based on the ratio 
of agreement and disagreement by robots; however, it was in a non-
interactive video-based setting, that did not achieve dialogues that 
could broaden or deepen perspectives. The evaluation criteria were 
limited to dialogue motivation, affinity, and intentionality.

Based on these observations, this study hypothesizes that 
robots can broaden or deepen the perspectives of children by 
affirming their opinions while introducing new viewpoints. The 
main contribution of this study is the establishment of a design 
method for dialogue robots aimed at broadening or deepening 
children’s perspectives.

The following sections will first discuss related research 
clarifying this study’s originality, then describe the develop-
ment of the dialogue robot, followed by an experiment in a 
primary school to verify the hypothesis using the developed 
robots. Finally, we will discuss the results of the experiment.

2  Related Research

2.1  Educational AI/Robots that Focus on Knowledge 
Acquisition and Cognitive Skills Development

Numerous studies have investigated the impact of introducing 
robots into the field of education. For instance, having children 
speak English to robots enhances their English vocabulary learn-
ing [27]. Another study found that introducing an English-speak-
ing robot in an elementary school improved the English learning 
of children [28]. A robot also improves children’s understand-
ing of science classes by conducting quizzes and answering 
questions [29]. Additionally, children learned sign language by 
imitating the movements of a robot [30]. In the context of cogni-
tive skills development, a previous study proposed a robot that 

supports self-regulated learning in primary school children [31]. 
Recently, various studies on confusion assistance have focused 
on utilizing large language models (LLMs) to generate instruc-
tional guidance or hints that enable students to solve problems by 
themselves [32–35]. Although these studies demonstrate various 
ways in which educational AI and robots can be significant in 
knowledge acquisition or cognitive skill development, methods 
to broaden or deepen perspectives as well as their effects have 
not been sufficiently examined.

2.2  Educational AI/Robots that Focus on Discussion

Dialogue robots and LLMs that engage in discussions with humans 
are under continuous development. Introducing teleoperated robots 
into an elementary school class made the class more active through 
interactions between the children and the robot [36]. Comparisons 
between debates among humans and those between humans and 
LLMs on online chat platforms revealed that LLMs were more 
persuasive than humans [37]. Furthermore, debating with LLMs 
reduced beliefs in conspiracy theories [38]. However, these studies 
have not been sufficiently examined methods to broaden or deepen 
perspectives of children in educational settings.

A previous study developed robots that promote critical 
thinking, where individuals objectively analyzed their deci-
sions and actions from various perspectives [39]. Addition-
ally, there is research that focuses on using robots to enhance 
children’s technological critical thinking [40, 41]. Another 
study suggested the potential of AI to broaden the viewpoints 
of users by facilitating critical dialogue [22]. However, not 
only refutation, but also appropriate evaluation and affirma-
tion are important in critical thinking [25], and these prior 
studies have not sufficiently examined the effect of affirma-
tion on broadening or deepening the perspectives of users.

Affirmation in education is related to studies on positive 
feedback. Positive feedback has been shown to effectively 
shape the attitudes of students toward challenges and foster 
a belief in their potential for continuous growth [42–45]. 
This type of feedback also influences motivation, self-con-
cept, and self-esteem [46–48]. However, whether affirma-
tive AI and robots can broaden or deepen the perspectives of 
students has not been thoroughly investigated.

3  Methods

We conducted an experiment to verify the hypothesis that dialogue 
robots can broaden or deepen the perspectives of children by affirm-
ing their opinions while introducing new perspectives. In a science 
class, we set a discussion theme of “Living Organisms and the 
Environment,” which focused on the question: “Should the turtle 
pond be cleaned?” In this study, two robot conditions were consid-
ered. Under the control condition, the robots began each statement 
by refuting the child’s opinion before introducing new perspectives. 
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The reason for selecting refuting behavior as the control condition 
is that this behavior is generally considered important from a criti-
cal thinking perspective. Under the proposed condition, the robots 
were designed to start each statement by affirming the child’s opin-
ion before presenting new perspectives. The developed dialogue 
robot system, evaluation methods, and results are presented below. 
The study was approved by the Mie University Affiliated Primary 
School Research Promotion Committee.

3.1  Dialogue Robot System

This study utilized a social communication robot, CommU 
([49]; see Fig. 2), developed jointly by the Vstone Corpora-
tion and Osaka University. The robot’s voice synthesis was 
powered by AITalk [50], which was developed by AI Cor-
poration. CommU features 14 degrees of freedom: two in 
the torso, two in each arm, three in the neck, three in the 
eyes, one in the eyelids, and one in the mouth, enabling it 
to perform non-verbal actions similar to human behaviors. 
To evoke a lifelike presence, the robot’s arm and neck joints 
move slightly at regular intervals, and the eyelids also open 
and close periodically. The robot’s mouth opens and closes in 
sync with the playback of the speech audio during the speech.

Figure 1 illustrates the system architecture. This system 
employed OpenAI’s LLM, GPT-4o [51], to generate robot 
responses based on user utterances and predefined prompts. 
A detailed explanation of the LLM prompts is presented 
later. The process begins with a speech recognition mod-
ule, which transcribes user speech into text and transmits 
it to a scenario management module. Speech recognition 
was performed using a Web Speech API [52]. When the 
APIs speech recognition result is empty, the robot asks the 
user to speak again. The scenario management module then 

generates a dialogue scenario for the robot’s next utterance 
based on the user’s input. Each dialogue scenario included 
the utterance text, corresponding robot motion, and timing.

The LLM generates the utterance text spoken by the robot. In 
the motion generation module, the robot’s arm movements were 
programmed to move up and down randomly based on the length 
of the spoken text. The robot’s gaze was manually adjusted to 
align with that of the interlocutor, and remained fixed throughout 
the interaction. The completed dialogue scenario was then sent 
to the scenario execution module, which sent speech and motion 
commands to the robot based on the prepared scenario.

The details of the prompts are explained below. Each 
prompt consists of instructions, constraints, a list of perspec-
tives, and background knowledge. In the control condition, 
a list of negating phrases was included. The instructions sec-
tion describes the basic settings of the dialogue robot. In the 
constraints section, specific differences between the condi-
tions are outlined. In the control condition prompt, instruc-
tions specified that the robot should first negate the primary 
student’s opinion and then prompt them to consider aspects 
that were overlooked. In the proposed condition, the instruc-
tions specified that the robot must first affirm the student’s 
opinion and then prompt them to consider unaddressed 
perspectives. The list of perspectives includes viewpoints 
intended to create a balance between the human desire for a 
“clean school environment” and the environmental and eco-
logical consideration of “preserving the ecosystem.” The 
background knowledge section provides an overview of 
the pond, which is the focus of the discussion. The prompts 
(translated from Japanese to English) created for both the 
control and proposed conditions are presented below. Bold 
texts indicate the different parts of each condition. At the 
end of each prompt, the dialogue history is inserted.

Fig. 1  System architecture
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with the robot, the group discussed within themselves. (3) 
Subsequently, the children recorded their new thoughts on a 
reaction paper, considering these discussions, and responded 
to a questionnaire regarding their impressions of the discus-
sion with the robot.

To evaluate whether the perspectives of children were 
broadened or deepened, both objective evaluation items by 
third parties and subjective evaluation items by the children 
were prepared. For the former, the children first recorded 
their opinions on the topic on a comment sheet before 
interacting with the robot and then recorded their opinions 
again after the interaction. Regarding the latter, the children 
responded to the question, “Please share your opinion about 
today’s class. Do you feel that you were able to deepen or 
broaden your thinking through the discussion activity that 
included the robot?” by evaluating on a four-point scale 
from 1 to 4, with options ranging from Strongly Disagree to 
Strongly Agree. Additionally, to assess impressions of the 
robot, a questionnaire survey was conducted on anthropo-
morphism, likability, and perceived intelligence, as mea-
sured by Godspeed [53].

4  Results

This section presents the experimental results obtained 
using the aforementioned method. Specifically, the follow-
ing sections explain the participant information, objective 
and subjective evaluations of broadening or deepening per-
spective, impressions of the robots, and dialogue data.

4.1  Participants

Among the children who attended the class, those who 
completed both the comment sheet and questionnaire were 
included in the analysis. As a result, 25 students (10 boys 
and 15 girls, mean = 11.240 years, SD = 0.427) were 
included in the control condition, and 28 students (13 boys 
and 15 girls, mean = 11.321 years, SD = 0.467) were 
included in the proposed condition.

4.2  Dialogue Data

The following are dialogue examples of both the control and 
proposed conditions. These were selected from the first dia-
logue of one of the robots.

One notable point of the prompts is the bold text in the 
constraints parts. These texts create differences between 
conditions. Furthermore, since the dialogues in this study 
may require time for the children to think, it is important to 
allow them to sufficiently express their opinions before pro-
ceeding. Therefore, in cases where a child is in the middle of 
speaking or their response is unclear, we prepared prompts 
to ask them again. This also has the potential to recover from 
misrecognition of utterances and ends in speech recognition.

3.2  Evaluation Method

Two sixth-grade classes participated in the experiment: one 
was assigned to the control condition and the other to the 
proposed condition. Thus, this study employed a between-
participants design. Two robots were introduced to each 
class. The experiment consisted of the following three steps.

(1)	 Describing their thoughts on the discussion topic pre-
sented at the beginning of the class on a reaction paper

(2)	 Discussing in a group with/without the robot
(3)	 Describing their thoughts on the reaction paper based 

on the discussions and answering a questionnaire on the 
discussion and robot in class

The procedure is explained in detail below. (1) The students 
recorded their thoughts in a reaction paper regarding the two 
opinions: whether “to artificially introduce fish” or “create 
a biotope where organisms gather naturally,” detailing the 
reasons for their choice. (2) The students formed groups 
of basically four and discussed their individual opinions. 
When it was their turn, each group discussed the topic with 
one of the robots. The scenes of the discussions are illus-
trated in Fig. 2. Within each group, mainly one representa-
tive engaged in a discussion with the robot while the other 
members listened to the dialogue. Except when interacting 

Fig. 2  Interaction between students and robot
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or deepened” after the discussions, with options to respond 
either “Yes, I think so” or “No, I do not think so.” Initially, 
the two annotators independently annotated the reaction 
papers. When their annotations differed, they discussed the 
cases to reach an agreement. The agreement with the anno-
tations was achieved, as indicated by a kappa coefficient 
(κ = .885).

We used the agreed annotation results for the analy-
sis. Figure 4 shows the results for the number of Yes/No 
annotations. A condition × annotation χ2-test revealed that 
there was a significant effect (χ2(1) = 4.137, p = .042). 
A residual analysis indicated that the adjusted residual of 
the No annotation was 2.000, and the Yes annotation was 
−2.000 in the control condition. It also indicated that the 
adjusted residual of the No annotation was −2.000, and the 
Yes annotation was 2.000 in the proposed condition. These 
results suggest that the number of the No annotation was 
significantly larger (p < .050) and the Yes annotation was 

The co-occurrence network of words of the children is 
shown in Fig. 3, illustrating the types of dialogue that were 
conducted under the conditions of the proposal and control. 
This analysis was performed using KH Coder [54]. The 
words are accompanied by their English translations near 
the Japanese words.

4.3  Objective Evaluation of Broadening or 
Deepening Perspective

The contents of the reaction papers that the children com-
pleted before and after the discussions were used. Third per-
sons annotated the text information of the reaction papers to 
verify whether the perspectives of the children had broad-
ened or deepened after the discussion. Two non-authors (a 
male and a female, mean = 25.000 years, SD = 1.000) 
annotated the reaction papers. They were asked to deter-
mine whether the children’s perspectives had “broadened 

Fig. 3  Co-occurrence network of words of children (“Ex” in the square indicates the proposed condition and “Cont” indicates the control condition)
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4.5  Robot Impression

To evaluate the robots’ impressions, the three indices 
(anthropomorphism, likeability, and perceived intel-
ligence) were adopted from the Godspeed question-
naire [53]. Figure 6 shows the results. Mann-Whitney 
U tests revealed significant differences between the 
control and proposed conditions in the three indexes: 
Anthropomorphism (U = 174.500, p = .002), Likeabil-
ity (U = 194.500, p = .005), and Perceived Intelligence 
(U = 169.500, p = .001), respectively. These results sug-
gest that the proposed condition improves the impressions 
of the robot.

4.6  Relationship Between Conditions and 
Evaluation Items

The analysis up to this point involved a comparison between 
conditions. Furthermore, to examine how the robot impres-
sion evaluation variables (anthropomorphism, likeability, 
and perceived intelligence) affect the subjective and objec-
tive evaluations of broadening or deepening perspective, 
we conducted structural equation modeling (SEM). The 
conditions were set as dummy variables: control condi-
tion = 0 and proposed condition = 1. The results of the analy-
sis are presented in Fig.  7. The model fit indices were as 
follows: χ2(3) = 4.184 (n.s.), CFI = .989, GFI = .974, 
AGFI = .819, and RMSEA = .087. Significant positive 
effects were observed from the condition on anthropomorphism 
(β = .449, p < .001), likeability (β = .446, p < .001), and 
perceived intelligence (β = .478, p < .001). This indicates 
that the proposed condition leads to higher evaluations of 
anthropomorphism, likeability, and perceived intelligence. 
Furthermore, a significant positive effect from likeabil-
ity on the subjective evaluation of broadening or deepen-
ing perspective (β = .593, p < .001) and a significant 
tendency of positive effect on the objective evaluation 
(β = .365, p = .074) were observed. These results indicate 
that, through the medium of likeability, the subjective evalu-
ation of broadening or deepening perspective is enhanced, 
and also the objective evaluation might be improved.

5  Discussion

This study hypothesized that robots that affirm children’s 
opinions while presenting new perspectives can further 
broaden or deepen their viewpoints. The experimental 
results in the primary school confirmed that the proposed 
approach promoted broadening or deepening the perspec-
tives of children, supporting our hypothesis. The pro-
posed method also enhanced the impression of the robot 

smaller (p < .050) in the control condition, while the No 
was smaller (p < .050) and the Yes was larger (p < .050) 
in the proposed condition. This result suggests that the pro-
posed condition broadens or deepens the perspective of 
children more than the control condition and supports our 
hypothesis objectively.

4.4  Subjective Evaluation of Broadening or 
Deepening Perspective

Furthermore, a Mann-Whitney U test was conducted with 
the conditions as an independent variable and the chil-
dren’s subjective evaluation of broadening or deepening 
perspective as a dependent variable. Figure 5 shows the 
result of the subjective evaluation of the broadening or 
deepening perspective. The result revealed a significant 
difference between the control and proposed conditions 
(U = 247.000, p = .049). This result suggests that the 
proposed condition promotes the perceived broadening or 
deepening of children’s perspectives more than the control 
condition and subjectively supports our hypothesis.

Fig. 4  Result of objective evaluation of broadening or deepening per-
spective based on reaction paper annotation
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provides valuable insights into the design of dialogue robots 
that can broaden or deepen the perspectives of children.

The proposed method contributes not only to broaden-
ing or deepening the perspectives of children but also to 
improving the impression of the robot. The increase in like-
ability of the affirming robot aligns with previous research 
on empathic robots or AI in creating positive impressions 
[26, 55–57]. However, it is intriguing that this method also 
enhances the perception of anthropomorphism and per-
ceived intelligence. Additionally, this study revealed that, 
through the medium of likeability, the subjective evalua-
tion of broadening or deepening perspective is enhanced, 
and also the objective evaluation might be improved. Since 
there may be other influencing factors, further exploration 
with a broader range of elements is required to comprehen-
sively identify these factors. To evaluate the broadening or 
deepening perspective, this study employed both objective 
evaluation by third-party assessors and subjective evalu-
ation by the children themselves. Future research could 
systematize the evaluation methods by clarifying various 
influencing factors.

Since this study aimed to examine whether there was 
the effect of broadening or deepening of perspective, we 
adopted the Yes/No binary categories in the objective evalu-
ation. Furthermore, as there is few previous research on the 
more categories involved in this effect, if we were to use 
them, we would need to create the categories subjectively, 
and there remain concerns about their validity. Addition-
ally, if we were to increase the number of categories, there 
are concerns that the agreement rate would decrease, and 
it might become difficult to conduct an objective evalua-
tion. In fact, in previous research, there is a method of divid-
ing into two categories such as positive and negative [58]. 
Therefore, as a first step, this research was conducted in the 
binary categories. Further research on annotation methods 
could help to sophisticate the evaluation methods.

In developing affirming robots, nonverbal information 
(such as facial expressions and gestures) is also consid-
ered important in their expressions. Numerous studies have 
focused on nonverbal expressions [59–61]. Investigating 
not only verbal expressions but also the impact of nonverbal 
expressions on broadening or deepening the perspectives 
of children might enable the design of more multimodal 
dialogue robots. Additionally, since nonverbal expressions 
depend on the specifications of the robot, it is necessary to 
conduct validations using various types of robots.

We discuss applying the proposed method to humans 
instead of robots. If similar dialogues can be reproduced, 
results similar to those of this study would be obtained. 
However, since the ease of speaking to robots or humans 
might vary among children, this factor should be considered 
in future verification.

(anthropomorphism, likeability, and perceived intelligence). 
Furthermore, we found that, through the medium of like-
ability, the subjective evaluation of broadening or deepening 
perspective is enhanced, and also the objective evaluation 
might be improved. This study not only proposed a method 
for broadening or deepening the perspectives of children 
but also clarified the factors contributing to it. This study 
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In the experiment, mainly one representative of the chil-
dren discussed with the robot while the others listened to the 
dialogue. It is notable that not only the children interacting 
with the robots but also the children listening to the dialogue 
could broaden or deepen their perspectives. Designing and 
evaluating systems that consider the dialogue format might 
enable us to study more effective methodologies.

This study was conducted among sixth-grade primary 
school students in Japan. Cross-sectional validation is 
needed to determine whether the proposed method is effec-
tive across different nationalities and age groups. Thus, it 
is necessary to adjust knowledge levels according to age 
group. Children’s perception that they broadened or deep-
ened perspective might also be related to metacognition. 
Future research would benefit from examining this aspect 
while considering individual differences. Furthermore, real-
izing adaptive dialogues tailored to individual characteris-
tics might lead to the development of more sophisticated 
dialogue robots. The experiment used the topic “Living 
Organisms and the Environment” in a science class. Future 
research should investigate whether the proposed method is 
effective for other topics in science or other subjects.

This experiment was conducted during the actual classes. 
Since there was a possibility that other children could hear 
the robot’s voice, it was difficult to establish two conditions 
within a single class. Therefore, we assigned different con-
ditions to each class. This setting might raise the potential 
influence of class-specific effects, which is a limitation of 
the experiment.
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