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Abstract
Embedding social robots in educational and/or childcare settings
has potential to engage children while supporting caregivers. How-
ever, little is known about the practical, long-term integration of
robots in such settings. Our work addresses this gap through an
ethnographic study that adopts a year-long perspective toward a
socially assistive robot in an inclusive daycare with a four-month
robot deployment phase. Through Thematic Analysis, we highlight
children’s ability to develop a variety of self-determined interac-
tions with the robot, while unveiling caregivers’ need for its in-
tegration into structured routines such as meal times, as well as
challenges for robustness of the robot in our research setting. On
this basis, we make recommendations for the design of social robots
for daycare environments.

CCS Concepts
• Computer systems organization→ Robotics; • Human-centered
computing→ Field studies; Ethnographic studies.
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1 Introduction
There is large potential in the integration of Socially Assistive
Robots (SARs) in educational and/or childcare settings, for exam-
ple, to engage and support children in communication [23], and to
help caregiving staff deliver educational activities [13]. Harnessing
their ability to interact with users [48], SARs can also offer support
for disabled children, for example, Autistic children [11, 53, 59] or
children who have cerebral palsy [9, 26]. Here, Human-Robot In-
teraction (HRI) has contributed a wide range of systems addressing
child-centred research. However, many of such systems are exclu-
sively evaluated in lab settings and, only few long-term studies of
Child-Robot Interaction (CRI) are available [54, 71]: Jung and Hinds
[36] argue that "a robot can affect its social environment beyond the
person who is interacting with it" [36][p.3]. Together with others
calling for more on-site and long-time involvement in CRI [54, 71],
they plead for more long-term field studies that explore a robot’s
influence on others, group dynamics, processes and the resulting
consequences.

In the context of CRI in daycares, previous long-time on-site stud-
ies were often focusing on interactions between robot and child
during specific times and activities [4, 29, 38, 46, 49] as well as in un-
guided interactions [38, 60]. While prior work mentions additional
actors like caregivers in side-notes or involves their perspective as
part of specific activities [4], there is still little knowledge of how a
SAR impacts a daycare’s complex (social) fabric between children,
caregivers, and existing organizational structures in everyday life.
Thus, we raise the following research questions (RQs):

• RQ1: How do children interact with the SAR, and which
interactions emerge over time?

• RQ2: How do caregivers approach the SAR, and how do they
mediate children’s interactions?

• RQ3: Which contextual factors in the daycare setting help
or hinder long-term integration of the SAR?

We address these questions through a year-long ethnographical
study that included a four-month deployment of a SAR - a NAO 6 ro-
bot using a software setup that enabled it to act as a social mediator
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addressing disabled and non-disabled children (see Sec3.3) - within
an inclusive daycare facility in southern Germany. During this time
the first author acted as a participant observer [45], immersing
themselves in the daycare context and growing into the role of a
part-time caregiver, building trust and becoming a usual part of
the context for all actors, minimizing disruptive factors introduced
through the observation of the robots impact. Through Thematic
Analysis [10] of our observations, we share insights on (1) how
children’s interactions with the robot developed over time and (2)
how children’s interactions and behaviours affected and were influ-
enced by caregivers and their approach to the robot. Considering
the greater context, we also report on the (3) contextual factors
in daycare settings in Germany that help or hinder long-term in-
tegration of robotic technologies. Our results show that children
developed a variety of self-determined interactions, but that the
robot also led to disruptions in routines and interactions with their
peers. While caregivers first had difficulties fitting the robot into
routines that needed children to focus on certain activities, they
developed ways to include the robot over time. Our paper makes
the following two key contributions: (1) we provide a long-term
study of integrating NAO in an inclusive daycare, adding to the
growing body of research studying HRI in the field, and (2) we pro-
vide practical implications for the design of robots and applications
intended for integration in daycare settings.

2 Related Work
2.1 CRI in Childcare and Education
Childcare offers a multitude of situations and areas in which SAR
can be beneficial. They can support children’s health [17] and edu-
cation in differing roles spanning three main areas: companionship,
therapy, and teaching. Researchers have suggested many compan-
ion activities, e.g., accompanying waiting times in paediatric prac-
tice [63], distraction during medical sessions [44, 61], or to alleviate
anxiety, loneliness and stress in long-term and short-term hospi-
talization [2, 5, 18, 44]. SARs can also act as an assistant or general
tool in therapy situations. This might be assisting in speech therapy
[21, 35, 41] or by providing serious games in neurorehabilitation
therapies [12]. In the context of disability, SARs might be especially
appropriate for autistic children as interactions can be implemented
in a predictable and consistent way that is suspected to be favoured
by some autistic people [39]. The SAR can for example act as a
social mediator between child and therapist [11], or as playmate
during one-to-one therapy sessions [53] or movement therapy [59].
In many cases, robots have been shown to successfully act as a
teacher and one-to-one tutors. This education can for example sup-
port children with chronic diseases and disabilities, e.g., educating
children with diabetes about their condition [31] or by teaching
children therapeutic exercises [9, 26, 50]. More broadly, SARs seem
capable of facilitating knowledge acquisition in a wide variety of
disciplines and skills. While language learning [19, 48, 55, 64] is
one of the most prevalent tutoring activities, SARs have also been
shown to being able to teach music instruments [58], physical ex-
ercises [27] or maths [6, 32]. In group settings, SARs often act as
a teacher [22, 68] or teacher’s assistant [3, 72], e.g. in teaching
language [3, 34, 72] or maths.

2.2 SARs in Daycare Settings
Similar to educational applications in the context of schools, SARs
were also employed to teach younger children in educational kinder-
garten/daycare activities or pre-school lessons. One popular activity
in robot-induced early education is storytelling [47], with in-situ
studies showing children enjoyment [24] and ability to retaining
robot told stories [15]. Long-time studies also revealed that stories
matching a child’s developmental level [69] boosted their engage-
ment and word retaining ability [49, 69]. More general pre-school
lessons held by a SAR showed that children displayed desirable
behaviour like critical thinking, imagination and creativity [13].

Additionally to research targeting pre-defined interactions, re-
searchers also presented children with robots without a specific
teaching goal, letting them explore SARs on their own terms. In
a long-time study Tanaka et al. [60] let toddlers decide how to ap-
proach a robot, finding that children progressively treated the robot
more as a peer than a toy. In free-play sessions Raja Vora et al. [51]
deployed a teleoperated SAR and found that children displayed in-
creased physical activity. Kozima et al. [37] deployed Keepon, a little
teleoperated robot able to show attention and emotes through move-
ment, in a playroom of a pre-school (20 times) and in a daycare cen-
ter for children with developmental disorders (80 times). In 90 min-
utes free play sessions, children were free to decide if they wanted
to interact with Keepon, or play with other toys. The researchers
observed different interactions between children and Keepon in-
cluding violent behaviour, protective and caring behaviour, trying
to teach Keepon, or seeking its validation.

While the above works research the interaction between robot
and child, the perspectives of caregivers/pre-school teachers as
the other important actor are less often researched. State-of-art
caregiver-focused research also addressed children by questioning
caregivers how they might benefit [70] or how they helped chil-
dren play a certain game with a robot in the field [4]. Conversely,
Crompton et al. [16] looked at how teachers in pre-schools could
integrate a robot into their class. Deployment in two teaching ses-
sions unveiled that that teachers lacked experience and knowledge
in the integration and operation of the robot. In addition, some
prior work mentions caregivers in passing, e.g., describing that
they put away the robot from time to time [37] or, contrary to the
researchers’ instructions, told children to be careful with a deployed
robot [60]. We build on these insights into children’s and caregivers’
perspectives, and expand it with a bigger picture in which we ex-
plore how children and caregivers interact with a robot in their
everyday environment, and how interactions change over time.

3 Method
Ethnographic inquiries allow us to "study people in their natural
settings" [56, p.541]. In such inquiry, a researcher is participating
in the subjects’ daily lives for an extended period of time while
"watching what happens, listening to what is said and/or asking
questions through informal and formal interviews" [30, p.3]. During
this time the researchers commonly collect data in the form of field-
notes that can be supported by further audio- or visual-recordings
and further documents [30]. While this umbrella of ethnographic
research encapsulates a multitude of different roles a researcher
can take within the context, the sensitive nature of the inclusive
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daycare necessitated an approach that allowed to build trust from
a multitude of involved stakeholders.

In consultation with the daycare, the first author took the role
of a participant as observer[56] or what Musante and DeWalt [45]
call, in the context of anthropology, participant observation. To gain
insights into the researched context "the ethnographer engages in
almost everything that other people are doing as a means of trying
to learn the cultural rules for behavior." [45, p.24]. With inclusive
daycares being a sensitive setting, we choose participant observa-
tionapproach as it "involves an emphasis on participation and social
interaction over observing in order to produce a relationship of
rapport and trust" [56, p.545]. Within this role the ethnographer
makes observations recorded in field notes, which "consist of fairly
concrete descriptions of social processes", and "set out to capture
their various properties and features" [56, p. 557]. These qualita-
tive observations allow insight-driven research and have been a
valuable tool of HRI research in the past [66].

3.1 Research Site
Our research site is an inclusive daycare in a medium-sized city. It
caters to about 45 disabled and non-disabled children, and comprises
about 9 caregivers; the facility has indoor spaces for groups of
children as well as an outside play area.

3.1.1 Children, staff, and their environment. The children in the
daycare are divided into three groups (e.g., red group) each cared for
by specific caregivers. Each group consists of 12 to 15 children and
two to three professional caregivers. Due to the inclusive nature of
the facility each group includes one to three disabled children, with
many of them having complex communication needs (CCN) [7], not
yet being able to or not preferring to verbally express themselves.
Children’s ages range from one to six years when they typically
transition to school; According to the summary of developmental
stages by Rudenko et al. [54], we categorize these children into
toddlers (1-3 years old) and pre-schoolers (3-6 years old). While all
groups are hosted within the same building, each group has access
to a set of three individual rooms not shared with other groups: One
bigger main room in which the children eat and spend the most time
playing, a sleeping room in which younger children can nap, and
a dedicated room for construction play. The daycare also includes
shared locations like a gymnasium, therapy rooms, a kitchen, and a
sensory room. The daycare building is connected to a fenced garden
area in which the children have access to a multitude of outdoor
play opportunities like a sandpit, scooters, a slide, multiple swings
and other amenities.

3.1.2 Daily routine. Typically, days at the daycare followed a strict
agenda, influenced by the weather and access to the outdoor area:
The day starts with a free play and drop-off phase in which parents
bring their children to the daycare. At 9:00, the free play phase
concludes and the day officially starts with children and caregivers
sitting together in a Morning Circle. Here, children are shown the
agenda of the day using cards with pictograms. Then, children are
invited to share individual experiences, and two children are ran-
domly selected to be the kids of the day who have special rights and
desirable duties (e.g., fetching the food from the kitchen). This is

followed by breakfast, with each activity including food consump-
tion preceded by a mandatory hygiene routine. Depending on the
weather, children then either engage in free play inside or - on most
days - outdoors. At 12:00, children eat lunch, followed by a quiet
period during which the younger children take a nap while the
older children are read a story. Afterwards, children are engaged in
structured activity (e.g., playing board games). This is followed by
a final phase of free play intermitted by an afternoon snack. While
some children are already picked up at earlier points, this phase
also marks the main collection phase.

3.2 Ethnographic Phases
Following this approach, the first author took a caregiver role over
the course of a year, immersing himself in the daily life within
the daycare for one day a week and in turn, becoming an active
participant and part of the context. To achieve this, we structured
the stay in an Initiation Phase and a subsequent Robot Phase in
which the SAR was introduced into the context.

3.2.1 Initiation Phase (IP). Successful ethnographical research is
enabled by trust and building rapport with the observed persons
[45]. To allow such relations to form between the different actors,
the researcher had to spend time with children and caregivers.
This is especially relevant for children with disabilities, as both
related work (e.g. [65]) and caregivers on-site noted that they can
be especially sensitive to changes. The researcher regularly meet
with management, participated in parents’ evenings and daycare
internal events to inform parents about the study. Throughout this
period, the researcher grew into his role as a part-time caregiver,
transitioning from an actor requiring caregivers’ time to a role
of support. This initial phase spanned eight months (July 2024 to
February 2025), during which the researcher spent twenty Mondays
at the daycare. Four Mondays were holidays, and six days were
missed due to illness.

3.2.2 Robot Phase (RP). Once the researcher had settled in, felt
comfortable in the role as caregiver, and had built trust with all
stakeholders, the RP began by introducing the robot into the daycare
context. On every following Monday (unless ill, see below), the
researcher set up the robot in the morning and handed over control
to children and caregivers. He only intervened when the robot
malfunctioned, or when explicitly asked by staff. We provide a
detailed report of the events during this phase as part of the results
(see Section 4). The robot phase spanned four months (February
2025 to July 2025), during which the researcher spent fourteen
Mondays at the daycare. Two Mondays were holidays, and five
days were missed due to illness.

3.3 A Socially Assistive Robot Using Non-verbal
Communication Cards

In our work, we focused on a simple socially assistive robot that
leverages communication cards commonly used for structured com-
munication in daycare settings. We built on an existing approach
for the development of a socially mediating robot [52] that was
adjusted for integration at our research site.

The system aims at serving as social mediator, verbalizing for
children with CCN that are unable to speak and thereby giving them
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the opportunity to express their needs and wishes in a auditory
manner. Additionally, the system also acts as an easy-to-understand
interaction partner for verbal children to experiment with. Leaning
on Zimmerman [73]’s Empowerment theory, the system aims at
empowering non-verbal children by raising their autonomy in-situ.
Intentions are expressed through so called "non-verbal communica-
tion cards" (NVCCs), physical cards made from paper or cardboard
containing a specific symbol that is used as a representative for a
certain intention. The daycare facility already utilized such cards
in the context of teaching communication through PECS [8] and as
visual indicators of items on the daily agenda presented to the chil-
dren in the Morning Circle (see Section 3.1). Once a card is shown
to the robot, it identifies it and verbalizes its embedded intent. We
implement this utilizing a NAO 6 (NAOqi Version: 2.8.7.4) and the
NAOqi python API, and leveraged Naomarks1 to ensure a robust
identification of the NVCCs by the robot. The detection of a card
triggers playing a corresponding pre-recorded mp3-file containing
intent verbalization. To allow caregivers easy access to the robot
we implemented a rudimentary web-interface able to start and stop
the detection script, control general values like volume, and provide
an easy to use Text-To-Speech (TTS) feature aimed at giving more
flexibility in how to utilize the robot.

Figure 2: NAO waiting to be approached by children.

3.4 Data Gathering and Analysis
Our research was approved by the institutional ethics board, and
reviewed by daycare management. We obtained informed consent
from parents and staff, and followed an oral assent procedure with
children. Throughout the study, we actively discussed consent with
all actors and were available for questions and wished adaptations
of any consent preferences. As the researcher did not want to in-
hibit his ethnographical role as caregiver and to not disturb the
happenings within the daycare, in-situ note-taking was deemed
as too obstructive. The researcher therefore took field notes about
morning observations during break times, while afternoon obser-
vations were recorded after leaving the facility and returning to the
office. Notes were analysed using Thematic Analysis introduced
by Brown and Clarke’s [10]. Like other insight-driven research in
HRI [66], and given the exploratory nature of the study, an induc-
tive coding process was chosen. The main researcher first initially
1http://doc.aldebaran.com/1-14/naoqi/vision/allandmarkdetection.html - Accessed -
16 September 2025

coded field notes while allowing the possibility of having multi-
ple codes on the same note. Afterwards codes were clustered into
initial themes. The themes where then discussed with a co-author
and subsequently revised and refined. These additional steps were
executed to allow additional perspectives on the underlying notes
and situations and ensure the quality of the progress.

3.5 Positionality
Considering the subjective and reflexive nature of our qualitative
research approach, we reflect on our own positionality to allow read-
ers to contextualize our work in an effort to ensure rigor [28]. The
first author and participant observer has a background in human-
computer interaction (HCI) and HRI. Others describe him as out-
going, friendly, and easy to talk to. While his prior experiences
with daycare facilities was limited to a one week internship at a
kindergarten, he is intuitively able to work with children. This was
repeatedly highlighted by caregivers and management. While not
the only male caregiver in the daycare context, he was one of only
three self-identified and perceived-as-male persons, while children
were mainly cared for by women. The other authors have back-
grounds in HRI and HCI, and have many years of experience in
participatory and field research, as well as technology and disabil-
ity. One of the authors has personal experience with disability and
childcare.

4 Results
Based on the field notes and aligning with our RQs, we identi-
fied the following four themes: "A Typical Day in the Life of a
SAR","Interactions with NAO","Reacting to NAO’s Presence and Ac-
tions", and "Temporal Changes". We leverage vignettes [33], small
storytelling elements that illustrate themes with lived experiences.

4.1 A Typical Day in the Life of a SAR
A typical day with a robot at the daycare is split into three phases:
A setup-phase, a period in which children can freely play, and times
during which children’s activities are structured by the caregivers.

4.1.1 Setting up NAO. "After I arrive at the daycare, I greet the
caregivers and children. The caregivers seem happy to see me, a few
children come towards me and hug me. I go towards the sleeping room
adjacent to the main room to get NAO. Two younger children guess
my intention, follow me, and express the wish to help set up the robot.
After carrying the robot to its usual spot within the main room, they
want to insert the loading cable and push the button to turn the robot
on. While NAO is booting and I am setting up the laptop, the children
already impatiently start showing communication cards to the robot,
which NAO cannot recognize in the current state. This attracts further
children, leading to four children gathering around NAO trying to
show cards. One asks me if NAO has woken up yet. Once everything is
running, the children show NAO differing cards for a few minutes and
are entertained by the verbalization. It does not seem that they want
to express anything through the cards but randomly pick those that
catch their eyes. After a few minutes NAO is left alone, and sits in his
corner in solitude. This vignette illustrates a common occurrence
when setting up the robot. While not all children were interested in
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the process, for some toddlers it was a recurring event they wished
to participate in, with the appearance of the robot sparking their
curiosity. Often, children of all ages were attracted by the turmoil,
interrupting their participation in other activities.
4.1.2 Free playing time. "After breakfast children are allowed to
choose what and where they want to play. As it is a cloudy day, only
few children choose to play in the garden. The rest is spread out over
the premises, pursuing differing kinds of activities. A child asks me to
solve a puzzle with them. While doing the puzzle I keep one eye on
the robot that is sitting in the corner. After a while, a child actively
approaches the robot, starting to show seemingly random cards to
it while repeating what it verbalizes. This, in turn, attracts another
child. They now take turns showing cards to the robot."
This vignette presents an example of times in which the children
were free to choose their activity. During these times, phases of
interest in the robot alternated with phases in which children did
not engage with NAO. The vignette presents two of three observed
Reasons to Engage with NAO, i.e., the ways in which children were
drawn to interacting with the robot. Similar to the first child ap-
proaching the robot, children often approached the SAR with an
(1) intrinsic interest. Without outer influences, these children de-
veloped an idea to interact with the robot and decided that they
wanted to peruse one of a multitude of observed activities (see
Section4.2). Such interactions, in turn, often (2) triggered interest
of further children. Being made aware of NAO, they either copied
actions or brought their own agenda. While other children were
the main reason to result in this triggered interest, interactions were
sometimes also initiated by the robot making random noises, or
caregivers playfully utilizing the TTS feature. Finally, (3) guided
initiation by a caregiver also led to interactions with NAO. Such
initiation mostly happened for disabled children. Overall, we note
that access to NAO was weather-dependent: Being spatially isolated
from the robot when playing in the garden prevented both children
and caregivers from interacting with it.
4.1.3 Caregiver-structured times. At noon, free play is concluded,
the children who were in the garden return, and the complete flock is
led to the pre-meal hygiene routine of visiting the toilet and washing
their hands. Two children are tasked with picking up the food from
the kitchen. While the children start returning from the bathroom,
I help the other caregivers prepare the meal by putting down plates
and cutlery. During this time the children are asked to sit quietly
and wait for the meal. One of the more active children jumps up and
starts interacting with NAO. The resulting sounds and visuals stir up
movement and verbal excitement in other children. After a small en-
deavour, one caregiver succeeds in detaching the child from the robot,
making the child sit down again. She looks at me, and subsequently
takes the robot to the sleeping room. Out of sight and out of mind, the
children now patiently await their meal.
The vignette above illustrates one of the many caregiver-structured
times spread throughout the day. Activities are not chosen by the
children, instead set by the caregivers with firm expectations for
behaviours, often asking children to stay in a certain place and carry
out a specific activity. This, on the one hand, leads to all children
being united in a certain area, allowing the entirety of caregivers to
have a close eye on them. On the other hand, the activity dictated
upon the children in combination with grouping all kids in one

place raises the chances of disruption. These situational properties
influence whether caregivers perceive NAO as appropriate, result-
ing in three distinct patterns of behaviour. First, caregivers reacted
to the (potential) disturbance by NAO and the possibility to make it
talk by (visually) (1) removing NAO from the context. However, after
children repeatedly asked for NAO to be included in structured ac-
tivities, e.g., telling a story about its weekend in the morning circle,
one technology-savvy caregiver started to (2) incorporate NAO into
structured activities, for example involving it in wishing everyone a
tasty lunch, or using it as a tool to verbally ask for silence during
the lead-up to mealtime. Another recurring pattern was to simply
(3) ignore NAO’s presence and disregard childrens’ intentions and
attempts to interact with it.

4.2 Interactions with NAO
During the study, children and caregivers engaged in a variety of
interactions with NAO that we categorized according to actor, focus,
and goal (see Figure 3). Here, we illustrate interaction categories
through short examples based on specific observations.

Activities when interacting with NAO
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Figure 3: Overview of children’s and caregivers’ activities when
interacting with NAO.

4.2.1 Children’s interactions with NAO. A majority of the observed
interactions were happening either between a child and NAO or a
small group of children that wanted to interact with the robot in a
self-centred way, with big variations in interaction patterns.

Self-Centred The most prevalent and recurrent way of play was
children showing alternating (random) cards to NAO, listening to
the verbalization and subsequently restarting the process by show-
ing further cards. In a more sophisticated manner, older children
started to further gamify the approach: There was one instance
where two children spent almost 30 minutes showing random cards
to the robot, and acting upon expressions. For example, NAO’s
verbalization of "I want to go to the garden" was met by the kids
running to the garden, just to then return and show another card. In
contrast, for toddlers and one of the disabled children, the concept
of showing cards was physically challenging, and they started to
interact with NAO’s glowing chest-button, triggering the default
announcement of the connection status. Additionally to verbal out-
put, children also incorporated NAO into pre-existing patterns of
play, e.g., in an imaginative knight-themed role-play NAO was
made a princess. While intersecting with the act of playing, mul-
tiple children seemed to utilize NAO as a learning opportunity. In
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this context, a disabled child repeatedly spent time showing differ-
ent cards, listening, and trying to reproduce the words the robot
vocalized. Similarly, two toddlers also tried to repeat robot output.

Extending to direct physical interaction, one of the toddlers
repeatedly sought physical contact, often trying to hug NAO. How-
ever, given the fragility of NAO, the robot would often fall over,
upsetting the child who attempted to put the robot up again. While
not observed frequently, such acts of seeking intimacy or expressing
affection were also observed in other children sharing details about
themselves and their lives with NAO while sitting close to the robot.

Finally, a common pattern that was observed was the children’s
wish for exploration. Many children were curious and e.g. tried to
move NAO’s arms and legs, or were fascinated by the LEDs acti-
vated through touching its pressure sensors. Especially the more
active and outgoing children tried to test NAO’s physical limits by
forcefully moving parts, or knocking it down. Taking a more cau-
tious approach, other children asked the researcher or caregivers
to make it "dance" or stand up from its sitting position.

Social While children mostly entertained themselves with the ro-
bot, we also observed social interactions that were not directly
aimed at the robot, but utilized it as a medium to communicate with
others. For example, one child utilized NAO to announce that they
wanted to go to the toilet, while another toddler wanted attention
for a scratch they got on the weekend, and showed the "hurt" card
to NAO as the researcher approached. While following the main
concept of the SAR, some older children utilized the concept to
influence others, trying to test boundaries by utilizing NAO’s verbal-
ization. For example, after being told that they were not allowed to
go to the gymnasium on this day, a pre-schooler begun showing the
"gymnasium" card to NAO, and argued that the robot also wanted
to go to the facility.

4.2.2 Caregiver’s interactions with NAO. Caregivers only showed
a smaller amount of self-centred interactions and a stronger focus
on utilizing NAO as a social tool for social interactions.

Self-Centred While not happening often, and constrained to the
more senior and tech-affine caregivers, they used NAO and its
text-to-speech feature in a playful manner. This for example hap-
pened in a rare case in which multiple caregivers but no children
were around, and one caregiver started making NAO address the
others in a casual way. Knowing that NAO would have problems
pronouncing subsequently reoccurring letters, a caregiver amused
themselves on different occasions by letting NAO verbalize patterns
like "AAA BBB CCC ...".

Social Caregivers typically interacted with NAO with a social goal
in mind. Most commonly, they interacted with NAO with the in-
tention of teaching to utilize the non-verbal communication cards,
understanding that younger and non-verbal children required re-
peated demonstration and guidance to familiarize themselves with
the approach. Other interactions with the robot were highly tar-
geted, and established it as a tool to manage the group. As has been
described in Section 4.1, in one session caregivers started facilitating
order by utilizing the TTS feature, or enhancing existing routines
they engaged children in.

4.3 Recurring Reactions to NAO’s Presence,
Actions, and Appearance

We observed a variety of reactions to NAO, some of which were
recurring patterns of positive or negative behaviours.

4.3.1 Shared access to NAO may lead to conflict, but also fosters
support. Similar to when playing with other toys, there were many
instances in which children showed a self-centred approach to
playing with NAO. This often led to multiple children wanting to
interact with the robot at the same time. Often, children naturally
found a rhythm that was acceptable for all parties. Yet, in some
instances, physical conflicts emerged. Depending on group size and
dominance of the children, it also happened that younger and non-
verbal children were pushed out by others. Yet, we also observed
multiple occasions where older children noticed that their younger
counterparts did not manage interact in the right way, and guided
their hands, or explained how to show the cards.

4.3.2 Unexpected robot behaviour can trigger strong reactions. Dur-
ing deployment, card recognition generally worked well. However,
for younger and some of the disabled children it was more diffi-
cult to hold the card at an angle that could be recognized by NAO,
leading to failure in recognition. Often, children would simply lose
interest at this point. However, there were some instances of rather
extreme reactions to unexpected interactions such as children be-
ginning to cry after accidentally knocking the robot over and not
being able to put it up again. In another case, NAO remained in
the autonomous life mode after setup in which motors are stiff and
it orientates its head towards detected humans. One of the more
outgoing children was not pleased with the fact that although they
were directly in front of the robot, it continued to look at another
child. In a quick, violent move, the child then turned NAO’s head
and its stiff motors around to finally make the robot look at them.

4.3.3 Common prescription of human attributes to the robot. While
NAO was roughly handled in some cases, the robot was often
anthropomorphized by the children. This was for example evident
in children calling NAO by his first name - NAO - rather than calling
it robot during our research. Likewise, there were multiple instances
in which children asked the researcher about NAO’s clothes (or the
absence thereof), leading to self-amusing statements like "Nao is
naked". While NAO was mainly referenced using male pronouns,
a pair of girls informed the caregivers that they were able to "see
her vagina", utilizing the female pronoun and organ. A toddler also
took it upon themselves to dress NAO by placing a small plush-
octopus on its head, replacing it when it fell down. On one instance,
NAO overheated and radiated a light soldering scent, leading to
the children calling NAO "stinky" and needing to shower, again
interpreting its state against the backdrop of personhood.

4.3.4 Bystander self-reflection. While some children did not ac-
tively interact with NAO, they showed signs of self-reflection based
on NAO’s verbalizations triggered by others. For example, a non-
verbal child who is supported by caregivers when going to the
toilet ran towards the door and waited for a caregiver just after
another child triggered NAO’s "I need to go to the toilet" verbaliza-
tion. Likewise, when one child triggered an "I have hurt myself"
verbalisation, this reminded another child that they had scratched
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themselves, and they subsequently showed the small wound to the
researcher and demanded help.

4.4 Understanding How Life With NAO
Changes Over Time

Throughout our research, interactions with and perceptions of
NAO changed, hinting at three distinct phases: (1) The initial phase
spanning the introduction of NAO via two sessions, followed by
(2) a circa ten session long intermediate phase, which ended in a
(3) two session habitual phase representing the final state of the
integration after which the researcher left the site. Each phase was
marked by distinct interactions with and approaches to NAO.
4.4.1 Initial phase. The initial phase was characterized by a strong
interest from all but one children that was scared by NAO on the
first interaction (but approached it in the second session). The phase
was marked by curiosity, with children learning how to show cards
and observing how NAO would react. The only interaction going
beyond this structured approach was exhibited by one child who
started to utilize NAO as learning tool by actively showing cards
trying to reproduce sounds (see Section 4.2). Toward the end of
this phase, children also started to demand NAO being included
in the daily routines. During these first sessions, caregivers only
interacted with NAO to teach children how to interact with the
robot. Here, they voiced first concerns that interactions may be quite
challenging for younger and disabled children. It also became clear
that NAO’s audio output was too quiet in the noisy daycare context,
necessitating modifications to increase volume in the subsequent
phase.

4.4.2 Intermediate phase. New forms of play started to emerge in
the intermediate phase (see Section sec:themetwo). First, children
started to experiment with the verbalization feature, finding new
ways to play with it, later they also utilized NAO in their regular
play, e.g., by including it in role-play or talking to it. While new
concepts of interaction emerged, the frequency of use deteriorated
over time, and children showed a lower amount of general interac-
tions, with a reduction in self-triggered interest. In this phase, it also
became clear that children and caregivers appropriated the robot
beyond the originally intended concept; while some children and
toddlers utilized the concept as intended, verbalizing their needs
and wishes via the robot, many disabled children did not (see Sec-
tion 4.2.1). Caregivers also spent less time trying to teach children
how to utilize the robot as a communication tool. In turn, they
begun utilizing NAOs longer downtimes to entertain themselves
and explore the TTS feature, starting to interact with children via
NAO (see Section sec:themetwo). Over time it also became clear
that NAO in its standing form was not stable enough and was re-
peatedly pushed over by excited children, leading to a subsequent
deployment in a sitting pose to protect the hardware.
4.4.3 Habitual phase. Setting up NAO was an event that children
always participated in, followed by a playing session that ended
up in only a few interactions per child. During this time, inclusion
in role-play was also still observed. Caregivers have become more
unconstrained with NAOs TTS feature, even testing its boundaries
when children are doing something else. In the end, the caregivers
did not put NAO away anymore during structured activities, but

included it by letting it talk during the Morning Circle in one session
and making it say the table-saying in another.

5 Discussion
5.1 RQ1: How do children interact with the SAR,

and which interactions emerge over time?
Our results show that children engaged in a range of self-directed
interactions with NAO (see Section 4.2.1). In particular, we observed
playful interactions, as well as those supporting learning, with cu-
riosity being a strong driver for children’s engagement with the
SAR (see Section 4.2.1, self-centred). Many children started out to
engage with NAO as a mediator for communication, but then appro-
priated the system within their own routines of engagement (see
Section 4.2.1, social) while anthropomorphizing the robot similar
to previous observations [60, 62], but only doing so within specific
boundaries (e.g., calling NAO by its name (see Section 4.3.3), but
refraining from expecting it to have meals). Children used the robot
in make-believe play and made it act as knowledgeable other, pro-
viding “zone of proximal development” scaffolding that Vygotsky
[67] describes as essential for learning. We also noticed age-related
differences: Where older children engaged in more complex inter-
action, there were many instances in which toddlers sought direct
physical contact with the robot (see Section 4.2.1), which is in line
with Elkonin’s identification of the manipulation of objects as the
dominant leading activity during this developmental stage [20]
and provides further support for Rudenko et al. [54]’s call for age-
appropriate CRI design. Finally, while most interactions with the
SAR were constructive, we observed a few instances of rough be-
haviour and mischief (see e.g. Section 4.3.2) that have implications
for the design of robot features as well as robustness of hardware
(see Section 5.4).

5.2 RQ2: How do caregivers approach the SAR,
and how do they mediate children’s
interactions?

Caregivers who were part of our study openly approached NAO,
but did so with their own intentions and responsibilities toward pro-
viding structure for the children. During the initial phase, teaching
children how to engage with NAO was the most common interac-
tion (see Section 4.4.1); during the later stages, tech-savvy caregivers
appropriated NAO for their own purposes, e.g., as a medium to fa-
cilitate structure (see Section 4.2.2). Here, we observed creativity in
the use of the robot. However, there were instances in which care-
giver mediation was required for conflict resolution (see Section
4.1.3), which suggests that SARs may - under certain circumstances
- add to their workload rather than alleviating pressure.

5.3 RQ3: Which contextual factors in the
daycare setting help or hinder long-term
integration of the SAR?

The long-term integration of NAO was impacted by specific con-
textual factors at the daycare. Firm daycare routines (see Section
4.1.3) only left limited opportunity for children’s free play, which
is integral to child development [25]. Here, the relatively simplistic
implementation used in our work turned out to be an instance of
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the “interaction expands function” paradigm [14], which encour-
aged children to explore and design their play around the presence
of NAO (see Section 4.2.1), rather than NAO providing a firm struc-
ture. We argue that this openness in interaction goals, patterns
and modalities is even more important in contexts where children
individual differences and preferences in communication should
be respected and inclusion is key. At the same time, we note that
NAO’s presence was problematic during phases of structured ac-
tivity, with caregivers taking action to align robot behaviour with
contextual requirements (see Section 4.2.2). In this context, we also
note that availability of staff was a structural challenge at our re-
search site. In consequence, caregivers often had limited time to
address the overhead caused by the presence of NAO, and staff
turnover throughout the deployment of NAO resulted in a loss
of knowledge regarding its integration. Here, future work should
address the design of robots that are better attuned to highly fluent,
dynamic environments.

5.4 Implications for the Design of Robots
Intended for Integration in Daycare Settings

Our work has practical implications for the design of robots in-
tended for long-term integration in daycare settings.

Implication 1: Develop platforms that are robust enough
to thrive, not just survive in the daycare setting.

Although one of the most popular platforms for child-robot
interaction [42, 54], our results show that NAO was not robust
enough for the daycare environment (e.g., easily and repeatedly be-
ing toppled, see Section 4.4.2; children engaging in extreme physical
interaction, see Section 4.3.2 and 4.2.1). From our observations at
the daycare both during all study phases, we conclude that intense
physical actions and rough treatment of toys and other items are a
regular occurrence, and one that is unlikely to change. Hence, this
implies a need for more robust robots that can withstand daycare
environments and researchers to consider robustness as a develop-
ment metric. They might refer to entrenched measures to ensure
that objects are safe and robust (e.g., EU Toy Safety Regulation [1]).

Implication 2: Develop robots that support age-appropriate
and inclusive child-led interaction styles.

Deploying NAO in an inclusive daycare highlighted the need
for interaction styles that are accessible for children with varying
abilities (see Sections 4.2.1 and 4.4). In this context, we observed full-
body physical interactions of younger children (see Section 4.2.1),
which are in line with their stage of development [20] and previous
studies [60], but not sufficiently supported by NAO. Thus, future
work should explore the development of robot platforms supporting
diverse interactions, and specifically capable of leveraging and
integrating social and physical interaction modalities attuned to
the needs of children. Researchers can consult literature on age-
appropriate CRI designs (e.g., Rudenko et al. [54]) or adopt an
"interaction expands function" approach [14] to explore simple
interaction letting children’s imagination add meaning drive self-
determined, age-appropriate complexity.

Implication 3: Design applications that offer free play op-
portunity while respecting the need for highly structured
periods in daycares.

Although interactivity and autonomy draw children to the robot,
this was not appropriate during structured activities (e.g., lunch
time, see Section 4.1.3). Over time, caregivers in our study devel-
oped strategies to involve NAO in ways they deemed appropriate
(see Section 4.4). Here, we argue that such integration should be
supported by dedicated modes of operation that restrict ability to
interact to caregivers, and that temporarily suppress autonomous
actions of the robot, acknowledging the relevance of periods of
structured interaction for child development [57]. This could either
be achieved by extending interface options for caregivers, or via
automatic context recognition, e.g., leveraging robot sensors for pre-
diction. Given children’s strong reactions to unexpected behaviours
or lack of interactivity (see Section 4.3.2), children should also be
made aware of the mode of operation, for example, leveraging LED
output of the robot, or by creatively exploring other ways, e.g.,
dressing the robot differently as a joint activity between children
and caregivers to indicate transitions, availability, and tasks.

5.5 Limitations and Future Work
There are a few limitations to our work. We analysed field-notes
through Thematic Analysis [10], yet approaches like Mayring’s
Qualitative Content Analysis [43] also could have been applied and
might have offered another perspective. Given our ethnographic
approach, we explored deployment within a specific cultural con-
text one day a week, and while we ensured rigor and transferability
via depth of description [40], future work should explore long-term
robot deployment in childcare across different cultures. Likewise,
we leveraged a simplistic application; future work could explore
long-term deployment of more complex applications addressing dif-
ferent activities, e.g., games directly initiated by NAO, or structured
learning activities. Here, we also want to note that we derived the
application from existing work [52]. Future research efforts should
directly engage children in participatory design of applications
that align with their interests and routines regarding play. Finally,
future work needs to address the practicality of integrating robotics
in childcare through provision of robust and more affordable plat-
forms, as well as plug-and-play setup routines that limit demands
placed on already overburdened caregivers.

6 Conclusion
Our paper contributes an ethnographic inquiry into the deployment
of NAO as a SAR in an inclusive daycare. Findings from our long-
term study highlight that robustness of robot platforms need to
be improved so that systems can brave daily life among children,
and that children’s and caregivers’ interactions with NAO changed
over time, supporting existing calls for long-term studies in HRI
and child-robot interaction [36, 54].
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