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Figure 1: The proposed Child-Robot Relational Norm Intervention (CRNI)

ABSTRACT

Persuasive social robots employ their social influence to modulate
children’s behaviours in child-robot interaction. In this work, we
introduce the Child-Robot Relational Norm Intervention (CRNI)
model, leveraging the passive role of social robots and children’s re-
luctance to inconvenience others to influence children’s behaviours.
Unlike traditional persuasive strategies that employ robots in ac-
tive roles, CRNI utilizes an indirect approach by generating a dis-
turbance for the robot in response to improper child behaviours,
thereby motivating behaviour change through the avoidance of
norm violations. The feasibility of CRNI is explored with a focus
on improving children’s handwriting posture. To this end, as a pre-
liminary work, we conducted two participatory design workshops
with 12 children and 1 teacher to identify effective disturbances
that can promote posture correction.
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1 INTRODUCTION

Social influence is a key strategy for persuasive technology, due to
the fact that our behaviours are naturally and consistently influ-
enced by the attitudes and behaviours of others depending on the
social relationships we hold with them [11]. For example, people’s
sharing of step counts in an online social group motivates walk-
ing [9]. Interestingly, the power of social persuasion is not limited to
human-human interaction. Multiple studies suggest that persuasive
social robots are capable of creating effective, timely and engaging
persuasive human-robot interactions [13]. Such persuasive social
robots have been investigated in numerous application scenarios,
and especially for children, for example to promote healthier di-
ets [2], encourage trash recycling [6], or foster their engagement
in learning activities [29].

Indeed, social robots show great potential for regulating the
behaviour of children. As the market of commercial social robots
for children grows, children are increasingly interacting, engaging
and forming social relationships with these robots [15]. Among
those interactions, compared with adults, children are more likely
to perceive the robot as a social entity due to their lower awareness
of the machine status of the robot [25], which therefore increases
the chances of any social feedback provided by the robot to be taken
seriously.
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The current design paradigm for the persuasion strategies of
social robots mainly focuses on exploiting the robot’s active role to
provide interventions, such as proactively giving direct reminders
or commands from a role designed to convey authority, like teacher
or manager, or suggestions from peer roles [4, 19]. Conversely, in
this work, we propose a persuasion strategy employing the passive
role of social robots, by using children’s reluctance to inconve-
nience others [21], which is named Child-Robot Relational Norm
Intervention (CRNI) in reference to the model of Relational Norm
Intervention [20] by Shin et al. which inspires it.

The fundamental principle of CRNI is the assumption that lever-
aging relational norms between children and robots has the po-
tential to shape their behaviour. As shown in Figure 1, CRNI can
be used to regulate certain behaviours of children, such as their
sitting posture while handwriting on a tablet. Whenever an im-
proper behaviour, such as a wrong sitting posture, is detected, the
system will not directly intervene towards the child, but rather
generate an aversive stimulus against the robot as a disturbance.
As a response to the aversive stimulus, the robot will complain and
thus “passively ask” the child to correct their behaviour. In this way,
the CRNI model creates an artificial causal relationship between
the improper behaviour of the child and the robot’s disturbance.
More formally, the CRNI model relies on children’s tendency to
avoid norm violations and postulates using it as a motivation for
behaviour change due to Other-Regarding Preferences [21].

To preliminarily investigate the feasibility of the CRNI approach
we apply it to the case of handwriting posture regulation. The moti-
vation for this choice is the sadly pervasive and frequent poor pos-
ture taken by children during writing, which can have long-lasting
negative consequences [16]. In line with this choice, we specifically
apply our CRNI paradigm in the context of the iReCHeCk frame-
work [22, 23], a Child-Robot Interaction system for handwriting
learning support envisioning a social robot to interact with and
guide children in practising handwriting on tablets.

We argue that the design of the disturbance applied to the robot
is crucial for the effectiveness of the CRNI approach. On the one
hand, it should be “powerful enough” to dissuade children from
breaching relational norms and evoke empathy for the robot in a
way that motivates them to change their behaviours. On the other
hand, it should be “mild enough” to not elicit emotional distress
in the children [18]. To identify “the right medium”, in this work
we conducted two consecutive participatory design workshops on
disturbance design with 12 children and 1 teacher from a local
primary school, in which we specifically investigated the following
two research questions:

RQ1: What disturbance(s) against robot peers do children per-
ceive as more effective in the context of CRNI for handwriting
posture regulation?

RQ2: Are children’s proposed disturbances against robot peers
different from those they suggest for human peers?

2 REGULATING CHILDREN’S POSTURE
WHEN INTERACTING WITH TABLETS VIA
CRNI

Maintaining a good posture during the interactions with tablets
is vital for children, as poor posture can lead to physical health
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problems [16], and proper posture can enhance learning perfor-
mance, particularly in tasks that involve motor skills like handwrit-
ing [17, 27]. Multiple methods have been investigated to regulate
the body posture of children when interacting with tablets, in-
cluding dedicated garments constraining the body movement [1],
automated direct notifications [5] and unobtrusive regulation by
moving Ul elements on the tablet screen [7, 28]. In this work, we try
to employ the power of the avoidance of child-robot social norm
violation, as captured by the proposed CRNI model.

Interaction Context: Located in the same classroom as the child,
the robot plays the role of a peer for the child. Both are asked to
engage in handwriting practice at the same time. Following the
paradigm of Figure 1, whenever the child adopts an inappropriate
posture, the system will disturb the robot peer, prompting the robot
to complain and give feedback to the child, thus making the child
aware of the consequences of their poor posture. We postulate that
this method can stimulate self-reflection in children and prompt
more self-regulation and even lasting behaviour change [12]. Be-
ing a robot already used for children’s handwriting learning sup-
port [23], QTrobot! (shown in Figure 1) is adopted in the proposed
CRNI model as the robot peer. We argue that its cartoon-style
appearance and other dedicated designs like the child-like voice
might facilitate the creation of an emotional and relational bond by
children [24].

3 PARTICIPATORY DESIGN

Two workshops were conducted with the same group of children.
Each lasted approx. 45 minutes. In the first workshop, we presented
the CRNI idea to the children and brainstormed with them different
designs for the disturbance to be applied to the robot peer. The
most voted ideas were then implemented and showcased in a live
demo of the CRNI approach for handwriting posture regulation in
the second workshop, where we collected further feedback.

12 children from a local international primary school were in-
vited to participate in the study by contacting the teacher and upon
consent from their parents?. All children belong to the same class
of Year 5 (4 girls and 8 boys aged M = 9.42 years old, SD = 0.51).
The children come from diverse cultural and socioeconomic back-
grounds and all use spoken and written English in their daily lives
at school. Digital tablets are frequently used for writing in class
activities. Their class teacher was involved and present throughout
the study.

3.1 Design Workshop I

3.1.1 Method and Materials. The collaborative ideation method
known as “sticky note brainstorming” [8] was employed in the first
workshop. The children were divided into 3 groups of 4 children
by their teacher, each group seated at separate tables in the same
classroom and 3 hosts from the research team coordinated the
activity of the groups. Each group was provided with two A3-sized
posters (poster A and B) as illustrated in Figures 2b and 4a. The
sticky note brainstorming was designed as follows: Firstly, each

Uhttps://luxai.com/

2This study has received ethical approval from the Human Research Ethics Committee
of EPFL under protocol HREC 057-2021. Informed consent was given in written form
by the parents, prior to the beginning of the experiment, and orally by the children at
the beginning of each session.
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(a) Phase 1 storytelling (left) and Phase 3 robot self-introduction (right) of (b) The lower part of the poster B that is used for the disturbance design for

Workshop I
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Your friend — QT robot
Your bad posture will make a disturbance
happen on your friend - QT
robot’s writing APP and it will make him
not be able to work.
What disturbance will make you feel most
sorry about your friend - QT robot?

robot peers

Figure 2: Photos and poster B of Workshop I

child was asked to think independently and write their ideas on
sticky notes of their distinct colour, then they presented their ideas
within the group and placed their notes on the left blank area
of the poster. Subsequently, three disturbances were proposed to
the children by a researcher: 1) arbitrarily scaling the reading text
field of the peer’s writing App, 2) locking the tablet of the peer’s
writing App, and 3) emptying the ink of the peer’s digital pencil. The
disturbances were intentionally introduced after the brainstorming
session to avoid influencing children’s thinking. Following this,
each host grouped similar sticky notes and stacked them together.
Children in the same group could then vote on the aggregated ideas,
and the sorted results would be organized on the ranking board
to the right by the host. Each child was asked to vote via stickers
for the two ideas they considered most effective. In the end, the
host reviewed the rankings and summarized the outcomes for the
children.

3.1.2  Procedures. To facilitate children’s understanding of the
CRNI model and its use with QTrobot for handwriting posture
regulation, and to prompt more creative designs, we organised the
workshop in the following four phases:

Phase 1: Design Context Storytelling. The workshop started with
a storytelling introduction given by a researcher as shown in Fig-
ure 2a, in which an original comic story about Roi and His Bad Pos-
ture 3 was presented. The story was designed to illustrate, simply
and clearly, the application context and the principle of relational
norm regulation [20]. The comic narrative incorporated the exam-
ple disturbance “lock the friend’s iPad’ to elucidate the concept and
facilitate children’s comprehension of the disturbances.

Phase 2: Design for Human Peer. To further facilitate children’s
comprehension of the task, the storytelling was followed by a ses-
sion of sticky notes for the design of disturbances applied to human

3A short description of the story is as follows: Roi is an 8-year-old boy who enjoys
handwriting but often does it with a poor posture, leading to occasional neck pain.
Concerned about his well-being, Roi’s mother seeks help from a scientist. Recognizing
Roi’s kindness and sensitivity towards others, the scientist devises an intelligent
device to aid him. This device, resembling a camera, monitors Roi’s posture during
handwriting tasks and controls two iPads used by Roi and his friend Lily during
class. If Roi adopts a bad posture, the device disrupts Lily’s iPad by locking it for
two minutes, causing her frustration. Lily confronts Roi about the issue, prompting
him to apologize and correct his posture. Through this experience, Roi learns the
importance of maintaining a good posture while writing. Available at https://doi.org/
10.5281/zenodo.10845067

peers (a scenario closer to the story and to children’s daily experi-
ence), working on poster A in Figure 4a. We introduced the design
objective by letting the scientist of the comic story ask questions:
“What if other children do not care about locking their friends’ iPads?
What other disturbances can we design?”. The session was conducted
as outlined in Section 3.1.1.

Phase 3: Design for Robot Peer. At the beginning of the design
session focusing on disturbances for robot peers (RQ1), QTrobot
introduced itself in the role of an 8-year-old child from Luxembourg
as shown in Figure 2a. The introduction lasted approx. 5 minutes.
The design context of QTrobot as a peer was then illustrated in
the presentation and emphasized in the new poster B as shown in
Figure 2b. Each host transferred all sticky notes from poster A to
the blank section of poster B, then encouraged the children to come
up with new ideas, which were then presented within the group
and deliberated upon as described in Section 3.1.1. The difference
between the outcome of this phase with respect to the previous
one allows for investigating RQ2.

Phase 4: Preference Poll. At the end of the workshop, we inquired
with the children about their preference between engaging in the
activity with a peer, as in Phase 2, or with QTrobot, as in Phase 3.
The children were instructed to indicate their preference by first
raising their hands for the human peer option and subsequently
for QTrobot.

3.2 Design Workshop 11

To further support the children’s understanding of CRNI and their
creativity, we implemented the top three disturbance designs for
QTrobot (see Figure 3b) that emerged from Workshop I and show-
cased them during Workshop II, which took place around 7 weeks
later. We argue that introducing tangible examples of disturbances
applied to the robot within the participatory design process not
only motivates and engages the children but also fosters and chan-
nels their creative thinking skills, leading to more meaningful and
impactful design contributions.

3.2.1 Method and Materials. The QTrobot and a Wacom Cin-
tiq display [26] were teleoperated by a researcher, while another
acted as the child writing in a bad posture. This solution enables
the QTrobot to simulate letter writing in the air, while the corre-
sponding visuals appear on the Wacom display in real-time. We
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Erase the writing 7
Alarm 4
Randomly scale the font 3
Flashing screen 3
Ring & drain the battery 2
Lock the writing app 2
Lose iPad for the lesson 1

# of votes

(a) Design results for the human friend in Workshop I

Erase the writing 6
Lock the writing app 4
Ring & drain the battery 4
Randomly scale the font 3
Constantly crash the app 3
Slow power off the robot 2
Stays outside X mins 1

o

2 4
# of votes

(2}

(b) Design results for QTrobot in Workshop I

Figure 3: Design results of Workshop I. The top three bold
font designs were showcased in Workshop II.

prepared a worksheet? for each child which allows them to assess
the disturbances with guidance by ranking them before and after
the demonstration. In addition, the worksheet allows them to give
textual feedback about the justification for the rankings.

3.2.2  Procedures. Unlike Workshop I, Workshop II envisioned
children to complete their worksheets independently. The teacher
was also invited to participate in the activity and work on the work-
sheet. We started the session with a brief recap of Workshop I’s
findings, then invited the children to rank the three shortlisted
disturbances on the worksheet based on their perceived effective-
ness. This activity was followed by a 6-minute demonstration of the
CRNI model with QTrobot. During the demo, a researcher played
the role of the target child by performing bad body posture while
writing on the iPad and another researcher operated the QTrobot
to timely and sequentially initiate the three disturbances and the
robot’s reaction to them, while the children gathered around the
QTrobot to observe its experience and reactions. After the demon-
stration, the children were asked to rank the disturbances again
and justify their rankings on the worksheet. The workshop ended
with a reward session where children played games with QTrobot,
followed by a 10-minute interview with the teacher.

4 RESULTS AND DISCUSSION

4.1 Children’s Designs in Workshop I

In Workshop I, each of the 3 groups produced two lists of sorted dis-
turbance designs as Figure 4a: one for a human friend and another
for QTrobot. We summarized the result by grouping all the voted
designs together. The top 7 designs for each context by votes are
illustrated in Figure 3. As the Figure shows, the children believe that

4 Available at https://doi.org/10.5281/zenodo.10845067
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the most effective disturbance is to “erase the writing homework”,
for both types of peers.

The comparison of the two lists allows for investigating the
different design choices made by children when considering distur-
bances for human or robot peers (RQ2) and provides interesting
insights into children’s perception of the robot. Options such as
“alarm” and “flashing screen”, which children considered quite ef-
fective for human peers, disappear from the list for QTrobot, while
designs like “ring & drain the battery of tablet” and “lock the writ-
ing app” received more votes for a robot peer than a human peer.
Furthermore, new designs specifically tailored for a robot were
proposed by children during the robot disturbances design phase,
like “slowly power off the robot” and “let the robot stay outside
for X minutes”. Most of the top disturbances for the robot peer
seem to exclusively aim to affect its performance in the task, thus
suggesting that children viewed the robot as a cognitive agent. The
disturbance of letting the robot stay outside might indicate a cer-
tain degree of anthropomorphization of the robot, and empathy
for it on the side of the children. This further implies the potential
persuasive power of the CRNI model.

4.2 Children’s Design Assessment in Workshop
II

Based on the collected worksheets, we counted the number of times
each implemented disturbance was the top-rated one, pre- and post-
demonstration (see Figure 4b). “Erase the writing”, the top pick in
Workshop I, was also the preferred choice before the demonstration
in Workshop II, as well as after it. It is worth noticing that two girls
verbally stated “I feel so bad when seeing the QT’s writing is gone!”
during the demonstration, and ample other empathetic responses
were textually provided by the children. One child wrote: “QT is
writing really hard on something then it gets deleted. I would feel so
bad about it” Likewise, another child commented: “I think deleting
the homework is bad because QT does not know how to write and
it will be hard for him to do it again! It would be very sad if all
your work would be gone.” Therefore, we conclude that “erasing
the writing” might be a suitable candidate as the disturbance design
for a CRNI model for handwriting posture regulation (RQ1).

An interesting gender effect was noticed in the post-demonstration
rankings, where all 4 girls independently picked “erasing the writ-
ing” as the most effective disturbance. Conversely, the 8 boys had
more diverse rankings. Since the literature on gender bias in em-
pathy is inconclusive, with some studies suggesting the existence
of gender differences [3] and some not [14], we will investigate
eventual gender differences in the efficacy of the CRNI model in
future studies.

4.3 Teacher’s Feedback

The teacher participated in Workshop II In line with the children’s
design assessment (Figure 4b), the teacher also picked “erasing the
writing” as the disturbance capable of eliciting the strongest em-
pathetic response, both pre- and post-demonstration. During the
interview, she expressed reservations about the ability of children
in the age of her class to anthropomorphize the robot, which stands
in contrast to the children’s empathetic behaviours as reported
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Figure 4: (a) The disturbance design results of one group in
Workshop I. Left poster A for human peers and right poster
B for robot peers. (b) The final design assessment of children
in Workshop II.

in Section 4.2. She also expressed concerns about the growing re-
luctance of children for handwriting exercises, particularly when
contrasted with the keyboard typing training at school.

4.4 Robot Peer vs Human Peer

According to children’s vote in the preference poll phase, the ma-
jority of children (10 out of 12) stated they prefer using QTrobot
in the given activity rather than a human friend. Children’s rea-
sons for this choice included feeling more motivated and supported
by the robot. This aligns with research in Child-Robot Interaction
suggesting social robots can motivate learning [29] and behaviour
change [10], although they might be biased by the novelty effect. In
this regard, the integration of a social robot in handwriting practice
could be a strong motivator to alleviate children’s resistance to-
wards it, thus helping tackle the concerns expressed by the teacher.
Additionally, the use of a robot peer within CRNI can provide con-
sistent availability and alleviate ethical concerns compared to using
a human peer.

4.5 Limitations and Future Works

While the workshops provided insightful feedback for our future ex-
periments, it’s worth acknowledging some limitations. First, while
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we focused on the design of disturbances applied to the robot peer,
other elements of the CRNI model deserve equal attention, such as
the optional warning to be sent to the child prior to triggering the
disturbance and the duration of the disturbance itself. Furthermore,
our co-design activities directly asked children about the distur-
bances that they thought would most likely elicit the reluctance of
norm violation. Consequently, the children’s designs and feedback
were rooted in their subjective and hypothetical empathy towards
the robot peer, which may not align with the actual reaction in
real-life situations. This potential discrepancy will be investigated
in future research, together with the level of distress experienced by
children upon witnessing the robot being disturbed. Lastly, the reg-
ulatory efficacy of the CRNI model in real-world settings remains
untested. Future studies should particularly examine whether the
CRNI model can produce immediate, lasting, or even habit-forming
changes in children’s handwriting posture.
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