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Social robots have emerged as a new digital technology that is increasingly being
implemented in the educational landscape. While social robots could be deployed to
assist young children with their learning in a variety of different ways, the typical approach
in educational practices is to supplement the learning process rather than to replace the
human caregiver, e.g., the teacher, parent, educator or therapist. When functioning in
the role of an educational assistant, social robots will likely constitute a part of a triadic
interaction with the child and the human caregiver. Surprisingly, there is little research
that systematically investigates the role of the caregiver by examining the ways in which
children involve or check in with them during their interaction with another partner—a
phenomenon that is known as social referencing. In the present study, we investigated
social referencing in the context of a dyadic child-robot interaction. Over the course
of four sessions within our longitudinal language-learning study, we observed how 20
pre-school children aged 4-5 years checked in with their accompanying caregivers who
were not actively involved in the language-learning procedure. The children participating
in the study were randomly assigned to either an interaction with a social robot or a
human partner. Our results revealed that all children across both conditions utilized social
referencing behaviors to address their caregiver. However, we found that the children who
interacted with the social robot did so significantly more frequently in each of the four
sessions than those who interacted with the human partner. Further analyses showed
that no significant change in their behavior over the course of the sessions could be
observed. Findings are discussed with regard to the caregiver’s role during children’s
interactions with social robots and the implications for future interaction design.

Keywords: child-robot interaction, early childhood education, social referencing, children, social robots,
humanoid robots

INTRODUCTION

In recent years, there has been a growth in studies examining young children’s interactions with
social robots as partners in learning environments (Belpaeme et al., 2018). Benefiting from the
presence of an embodied social agent and the ability to use various social signals, social robots could
offer wide-ranging opportunities to support and expand early childhood education by providing
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new ways to engage children in social interaction. The areas of
application range from language learning (Vogt et al., 2019) to
the promotion of children’s growth mindsets (Park et al., 2017)
or supporting children’s development of computational thinking
skills (Ioannou and Makridou, 2018). Social robots can also be
used in therapy-centered activities by delivering interventions
to children on the autistic spectrum to support their social and
emotional communication abilities (Boccanfuso et al., 2017; Cao
etal., 2019). Whereas, social robots may assist young children in
their learning across these various fields, the common purpose
of approaches incorporating this technology in educational
practices is typically to supplement the educational process rather
than to replace the human caregiver, e.g., the teacher, parent,
educator or therapist. More precisely, for both ethical and present
technological reasons, a social robot is seen as a tool which
can play a potential supportive role within an interaction in an
educational setting but not as the sole interaction partner of the
child (Coeckelbergh et al., 2016; Kennedy et al., 2016; Tolksdorf
et al., 2020b).

Given this preferred configuration of a triadic interaction
between the child, caregiver, and a social robot, there is
surprisingly little research paying explicit attention to the role
of the caregiver or systematically examining the ways in which
children involve or check in with them during their interaction
with a robot. From current studies, it seems clear that children
accept social robots as informants (Breazeal et al., 2016; Orang
and Kiintay, 2020) that need, however, to be introduced by
a caregiver to establish a good learning environment (Vogt
et al,, 2017). More specifically, relating to the phenomenon
of social referencing, Rohlfing et al. (2020a) argue that young
children react with uncertainty when facing a robot for the
first time; in such a situation, children typically refer visually
to their caregivers to regulate their emotions and to gauge
the situation (Hornik et al., 1987). Although Rohlfing et al.
(2020a) noticed that some children at the age of 5 years verbally
referred to their caregiver during an educational child-robot
interaction, little is known about how often children non-verbally
request support from their caregivers during such interactions.
To investigate this phenomenon, non-verbal behavior has to
be considered. Recently, Tolksdorf and Mertens (2020) showed
that in child-robot interactions, children make use of non-
verbal signals to a large extent, especially when engaging in
a complex communicative task, such as retelling an event or
retrieving a newly acquired word from memory. It is thus
reasonable to focus the investigation of the role of the caregiver
in child-robot interaction on the systematic similarities and
differences between children’s multimodal interaction behavior
with robots vs. human partners. Furthermore, some effects
upon children’s behavior appear to occur in the first exposure
and disappear when children familiarize with the situation
(Feinman et al., 1992). In this respect, the literature lacks a
perspective that considers children’s social referencing during
a long-term interaction occurring across multiple points in
time. Our study addresses this research gap: We explored how
pre-school children involved their caregiver over the course
of a long-term language learning study, comparing children’s
behavior when interacting with a social robot or a human

interaction partner within two conditions that were designed to
be directly comparable.

Our motivation for the direct comparison stems from research
providing wide evidence that an adult can be a helpful resource
for a child experiencing an unfamiliar situation, providing them
with guidance on how to interpret and navigate it (Feinman
et al., 1992). However, within the area of child-robot interaction,
very few attempts have been made to consider the caregiver’s
role during triadic interactions between the child, the robot,
and the caregiver. From a more implicit angle, Vogt et al.
reported that at the beginning of language lessons with a social
robot, certain pre-school children needed assistance and had
to be encouraged by the caregiver to interact with the robot
in order to respond to it (Vogt et al., 2019). This observation
strongly suggests that a caregiver plays a crucial role when
a novel partner is first introduced. This is corroborated by
a study which showed that even very young children at the
age of 1 year often extended their dyadic interaction with
a Keepon robot into triadic interactions with their human
caregivers when they were trying to share pleasure and surprise
within the interaction (Kozima and Nakagawa, 2006). Whereas,
children obviously benefit from caregivers’ involvement at the
beginning of a novel situation through aligning with their
emotional interpretation, they also seem to receive specific cues
for how to communicatively manage the interaction. A study
by Serholt (2018) thoroughly analyzed dialogical breakdowns
during an educational child-robot interaction at a primary school
in Sweden. They demonstrated that although the children were
able to solve some dialogical problems on their own, in most of
the cases they were dependent on the human caregiver, especially
when technological problems occurred (Serholt, 2018). In a more
recent work, Rohlfing et al. (2020a) systematically investigated
the caregivers role during a single learning situation within
a child-robot interaction and focused on the verbal ways in
which the caregiver provided support to their child. The results
revealed that a caregiver did not have to adopt an active role
during the interaction but provided valuable instructions on how
to repair the interaction when dialogical breakdowns occurred
(Rohlfing et al., 2020a). We need to emphasize, however, that in
this particular study, the analysis of children’s social referencing
behavior was limited to verbal turns toward the caregiver, such as
requesting help explicitly.

Together, these few studies indicate that triadic interactions
often emerge within child-robot interactions when a caregiver
is present and that children particularly rely on the caregiver
at certain stages. However, because prior work has not directly
compared child-robot interactions to ones with a human partner,
research can only speculate on what is typical of social referencing
behavior during interaction with a robotic partner. Current
insights are limited to single, one-off interactions or are based on
observations made in the context of dialogical or technological
problems occurring with the robotic system. Our study extends
previous work by systematically investigating children’s visual
social referencing over a long-term interaction within parallel
learning situations across two different conditions: interaction
with either a social robot or a human partner. We assumed that
children in both groups would involve their caregivers because
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they were all faced with a novel and unfamiliar situation. Our
main research goals were to explore the extent to which a child
would involve their caregiver over the course of a long-term
interaction as well as to examine the similarities and differences
in children’s social referencing between a child-robot interaction
and a human-human interaction within an educational setting.
The following hypotheses were addressed in our study:

(H1) We expect that an interaction with a social robot
will lead to more social referencing in children compared
to an interaction with a human partner. This hypothesis is
grounded in research demonstrating that children rely on their
caregivers during novel situations, including encounters with
social robots (Kozima and Nakagawa, 2006; Serholt, 2018;
Rohlfing et al., 2020a). A robot, which differs in its behavior
from a human, might be perceived as less familiar by the
children, meaning children’s greater familiarity with human
partners in contrast to social robots will lead to fewer attempts
to involve the caregiver during a human-human interaction.
(H2) It is also expected that instances of children’s social
referencing will decrease over the course of a long-term
interaction. This is anticipated because prior research has
shown that children’s social referencing varies in relation to
their familiarity with a situation (Walden and Baxter, 1989).
Moreover, with increasing repetition within an interaction,
the interactional demands become more predictable for the
child (Bruner, 1983; Rohlfing et al., 2016). This might result
in children becoming less dependent on guidance from
their caregivers.

MATERIALS AND METHODS

This study is part of a broader ongoing study in which we
investigate how children learn a specific linguistic structure
within a recurrent interaction. In this study, our main goal was
to investigate children’s social referencing, and how this behavior
may differ when children interact with either a novel social robot
or an unfamiliar human interaction partner.

Participants

Originally, 21 pre-school children participated in our explorative
long-term study. Data from one child had to be excluded because
they did not attend all sessions. For this reason, 20 children (6
females), ranging in age from 4;0 to 5;8 [years;months] (mean
age = 5;0, SD = 0.6) were included in the final analysis, and their
behavior was assessed across four sessions. The children were
recruited in local kindergartens, libraries, via newspapers, and
through our database of families willing to participate in research
studies. The children and their parents were recruited from the
wider areas of the Paderborn region (North Rhine-Westphalia,
Germany). Parents were present during all interactions but were
not actively involved in the interaction. In compliance with
university ethics procedures for research with children, parents
provided written consent prior to their children’s participation.
Children also provided verbal assent prior to taking part in the
interaction and the interaction could be discontinued at any time

c%ela Sa
s 3

pxperimenter]

interlocutor

FIGURE 1 | Setup of the study (either the robot or the human served as
the interlocutor).

at no disadvantage to the child. Each child received stickers and a
toy to thank them for their participation.

General Procedure
The children and their parents were invited to come to the
laboratory at Paderborn University for four sessions within a 2-
week period. Each session lasted ~20-35min and all sessions
were video recorded. The course of the sessions and the learning
situation was explained to the parents by the experimenter; it
was also communicated to the children in a child-oriented way.
In our study we used a between-subjects experimental design
with two conditions. The children were randomly assigned to
a parallel learning situation with either (1) the social robot
or (2) the human interlocutor. The final distribution consisted
of 11 children (four females) interacting with the social robot
and nine children (two females) interacting with the human
interlocutor. During the experiment, every child taking part was
accompanied by one parent; as illustrated in Figure 1, the child
sat next to the interlocutor (either the robot or the human) at
a 90-degree angle. The parent sat to the left of the child while
the experimenter sat behind the child and operated the robot in
the condition with the robot or sat in that position and avoided
interaction with the parent or child in the condition with the
human interlocutor. Parents were additionally instructed to avoid
talking to their children during the experimental part of the
children’s interaction with the robot or the human interlocutor.
To design the learning situation, we were guided by
existing theoretical concepts of learning, emphasizing that
communication is jointly organized by the interaction partners
in a multimodal way and toward a goal (Rohlfing et al., 2016).
The resulting design of the learning setting therefore involved
activities with which pre-school children are familiar. More
specifically, a story was told by the robot or the human that
had been created to frame the word learning situation. The story
contained the plot of the interlocutor’s trip to our university
and the things they had seen on their journey. This narrative
served as a context in which the novel words were provided
as input over the course of the interaction. This setting was
selected because previous work has shown the context of a story
to be particularly facilitative for children’s word learning (e.g.,
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FIGURE 2 | Teaching of the novel word either by (A) the human or (B) the
robot interlocutor.

FIGURE 3 | Test situation with either the human (A) or the robot interlocutor
(B).

Horst, 2013; Nachtigiller et al., 2013). The referents of the target
words were presented as pictures hanging on the wall. They were
covered by a small cloth and the child had to uncover each one
to see the target referent at the request of the interlocutor (see
Figure 2).

After the exposure to the training situation, children from
both groups were tested for retention of the target words. To
do so, we used a routinized activity for children and embedded
the test procedure within a shared picture book reading situation
(Grimminger and Rohlfing, 2017). In this test the child was asked
to turn the pages while the interlocutor talked about the pictures
with the child and elicited the trained words (see Figure 3).

In the following sections, we present the details of the
experimental procedures for each condition (firstly the robot
condition and then the human condition). We further detail our
endeavors to make the learning settings as similar as possible.

Procedure With the Robot Interlocutor

In the first of the four sessions, there was a short warm-up phase
in order to decrease the novelty effect of the robot (Kanero et al.,
2018). The script for the learning situation with the robot was
then launched, during which the robot introduced itself and
shared the story containing the new words with the child. To
make the robot’s interaction behavior responsive to the child’s
communicative actions (Tolksdorf and Mertens, 2020) and in
accordance with recent research postulating an important role
of multimodal joint activities (Rohlfing et al., 2016, 2019), the
robot performed a series of actions. First, the robot accompanied
the novel words with pointing gestures in front of its upper

body to coordinate the child’s attention and to establish a shared
reference. It also coordinated its gaze between the child and
the referents of the target words. After naming the first four
target words, the robot then walked with the child to the two
remaining target referents in order to make the situation more
natural and to take advantage of the physical presence of the
robot (van den Berghe et al., 2019). Once the robot had finished
the story, it thanked the child and said goodbye. In the second
session, the learning situation was repeated and the robot told
the same story but adapted its greeting and farewell. In the third
session, a similar learning situation took place. Afterwards, the
retention task was administered, in which the child and the robot
were engaged in the shared picture-book-reading situation. In
the fourth session, the child was tested again on retention of the
target words.

Procedure With the Human Interlocutor

As in the robot condition, the experimental procedure in the
human condition consisted of four sessions between the child
and a human interlocutor. The human interlocutor was the same
person in all of the sessions across the condition and a non-native
speaker of German (one of the authors). This design decision
was made to address the novelty of the robot as an unfamiliar
interaction partner and to render the word-learning story told
to the child as plausible. Like in the robot condition, a caregiver
was present as well as another experimenter further to the one
acting as the interlocutor (see Figure 2). In the human condition,
the interlocutor also introduced herself in the first session with
a short backstory, whereupon the learning situation began.
Following the introduction, the same story and stimuli from the
robot condition were used during the learning situation and only
minor edits were made to make the story more representative of
human experience (e.g., “born in...” rather than “built in...”).
The human interlocutor used an equal amount of deictic pointing
gestures at matching points in the story to the robot condition,
carrying these out within the same upper-body area and holding
the gestures for an equivalent duration of time. Parallel to the
robot condition, the interlocutor further coordinated her gaze
between the child and the referents of the target words. For
purposes of achieving a fair comparison, we also wanted to keep
the verbal and linguistic input in the human condition as close to
the robot condition as possible and the human interlocutor tried
to copy these to a degree that would appear most natural. These
elements included not only the language used but also factors
such as emphasis and speed. As within the robot condition, the
child was asked to uncover the pictures in a randomized order.
After naming the first four target words, the human interlocutor
also suggested moving over again so that they were in range of the
remaining two items. Once the human interlocutor had finished
telling the story, she thanked the child and said goodbye. In the
second and third session, another learning situation took place
and the story was told again, but with an appropriately adapted
greeting and farewell by the human interlocutor, just as it did
in the condition with the robot. Following the learning situation
in the third session, the retention task took place and involved
the same shared picture book reading interaction as in the robot
condition, during which the child was asked to turn the pages
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FIGURE 4 | Sequence of the interaction during the sessions and annotated section.
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learning or testing
situation and
farewell

-

and the human interlocutor asked them about the trained words.
In the final (fourth) session, the retention task was conducted
again after which the human interlocutor thanked the child and
said goodbye.

Stimuli

The robot used in our study was the Nao robot from Softbank
Robotics, which is a small, toy-like, humanoid robot used widely
in child-robot interaction studies (Belpaeme et al., 2018). The
Nao is 58 cm high with 25 degrees of freedom of motion with
its body. Teleoperation was employed to enable the robot to
act contingently (Kennedy et al., 2017). We implemented the
behaviors in the NAO robot by using the Choregraphe Software
and used the integrated text-to-speech production of the robot,
with German language enabled and speech reduced to 85%
speed to achieve a more natural pronunciation. The target
words imparted by the robot were spoken at a speed of 75%
speed in order to emphasize them verbally. The target items
consisted of six morphologically complex German words (noun-
adjective compounds such as “quince yellow [quittengelb]”) that
represented different colors as features of different objects. Each
item was presented as a picture on paper measuring 14.8 x 21 cm.

Coding of the Children’s Behavior

In our analysis, we were interested in children’s social referencing
to their caregivers during the learning and testing situations
with either the social robot or the human interlocutor across
the different sessions. In typical social referencing paradigms,
children are confronted with unfamiliar situations, e.g., unknown
interaction partners or novel toys, and then the children’s non-
verbal behavior in terms of their looking is measured along with
the (visual or vocal) cues of their caregiver (Baldwin and Moses,
1996). In the present study, we did not analyze the kinds of
cues that the caregiver provides to his or her child but rather
focused on the instances in which the child independently sought
to visually check in with their caregiver. Our focus on children’s
non-verbal behavior was also motivated by the fact that the
values of the children’s verbal initiation to their caregivers tended
toward zero across almost all learning and testing situations. For
this reason and with reference to Vaish and Striano, we coded

children’s looking behaviors in the direction of their caregivers
(Vaish and Striano, 2004). We measured this non-verbal social
behavior across the period of time in the interaction during which
the robot or the human interlocutor shared the story and taught
the new words (see Figure 4).

We chose to analyze this sequence in each session because at
this stage, all children had already achieved a certain familiarity
with the novel interaction partner. This also represented the
main part of the interaction while a welcome or farewell
situation would represent a different social situation with its own
contextually appropriate social behaviors (Vaughn and La Greca,
1992). Examining the selected sequence is particularly relevant
because it provides an opportunity to understand how children
involve a caregiver during a learning situation with a social robot
in comparison to a human interaction partner. We additionally
coded children’s looking during the testing of retention of the
target words (the situation in which the interlocutor asked the
child about the trained words). As the duration of the interactions
varies slightly between children, the children’s looking to their
parents were expressed in proportion per minute. To evaluate
coding reliability, two coders independently coded 15% of the
data. We used Cohen’s kappa to measure intercoder agreement
for children’s looking (k = 0.954).

RESULTS

Our data shows that children in both groups demonstrated
social referencing behaviors during all their interactions with
the novel interlocutor (robot or human) and attempted to
involve or check in with their caregiver. At first, in order to
investigate the effect of the different conditions and sessions,
we performed an ANOVA type statistic (ATS), with children’s
social referencing as the dependent variable, condition as the
between-subjects independent variable, and time as the within-
subjects independent variable. Due to non-normally distributed
data and small sample size, the ATS was used which represents
a non-parametric equivalent of a mixed ANOVA (Akritas et al.,
1997) and exactly meets the a-level while being conservative. It
is robust in studying small sample sizes and longitudinal data
considering its progression over time (Noguchi et al, 2012)
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FIGURE 5 | Children’s social referencing (SR) per minute (*o < 0.01, ***p < 0.001).
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Session 3 (retention test) Session 4 (retention test)
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and has been applied in developmental approaches (Viertel,
2019). Contrary to our hypothesis, there was no main effect of
time, F(3 o) = 0.638, p = 0.166, and no significant interaction
between experimental condition and time, F(3,) = 0.427, p
= 0.133, indicating that no significant changes in children’s
social referencing behavior were found in either group over the
entire course of the sessions, including all learning and test
situations. However, there was a highly significant main effect
of condition F(j, 1699) = 49.08, p < 0.001, demonstrating that
children in the human condition displayed social referencing
significantly less often than their peers interacting with the
robotic partner.

In a second step, pairwise post-hoc analysis using Bonferroni
correction was conducted to determine the differences between
the groups in each training and testing situation. As depicted in
Figure 5, we found significant differences between the groups in
children’s social referencing (SR) in the first session (p < 0.01)
Z = —2.929, with a large effect size of r = 0.65; accordingly,
children in the robot condition showed significantly more social
referencing per minute (M = 2.93; SD = 1.45) than the children
interacting with the human (M = 0.75; SD = 1.03).

In session 2, a significant difference with a large effect
size could be observed again (p < 0.01, Z —3.154,
r=20.71). Children interacting with the robot demonstrated
more occurrences of social referencing (M = 3.63; SD = 2.14)
than those children interacting with the human interlocutor
(M = 0.9; SD = 0.93).

During the third session, in the last training situation, the
groups again differed significantly (p < 0.001, Z = —3.58,
r=0.80). Among the children interacting with the robot, the
frequency of attempts to involve their caregiver was higher
(M = 3.23; SD = 1.34) than among the children interacting with
the human interlocutor (M = 0.54; SD = 0.93). In the following
retention task (also in session 3), the level of social referencing

among the children in the robot condition was again greater (M
= 2.6; SD = 1.2) compared to the human interlocutor condition
(M =0.50; SD = 0.58), and the groups again differed significantly
(p < 0.001, Z = —3.459, r = 0.77).

In the last session, during which the retention task was
repeated, a significant difference could again be seen between the
two groups (p < 0.001, Z = —3.304, r = 0.74). The children who
interacted with the robot utilized more social referencing toward
their parents (M = 3.36; SD = 1.67), while the group of children
interacting with the human interlocutor were clearly less likely to
involve their parents (M = 0.72; SD = 0.82).

Finally, we took a closer look at the nature of children’s
social referencing during the interactions with the robotic or the
human partner and qualitatively analyzed at which particular
stages the children involved their caregivers and sought guidance
from them. Table1l presents an overview of the different
interactional contexts in which children’s social referencing
was situated during the long-term interaction. We identified
four interactional main contexts and three additional contexts
specifically occurring during the retention tests in which the
children involved their caregivers.

Certain occurrences of social referencing appeared exclusively
in the interaction with the robot, such as an involvement of
the caregiver after a delay in the dialogue occurred and the
robot required too much time to provide an adequate utterance.
Additionally, children who interacted with the robot checked
in with their parents before manipulating some elements of the
setting, for example, when uncovering the pictures at the request
of the robot. An explanation for this type of social referencing
could be that although children socially conform with what a
social robot suggests (Vollmer et al., 2018), social conformity
is even higher in interaction with a human interaction partner
and children are less dependent on additional reassurance from
their caregiver to follow an instruction. Another context in
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TABLE 1 | Interactional contexts of children’s social referencing (SR).

Contexts of SR Robot Human Examples
condition condition
Delays or interruptions in the dialogue v - The child expects an utterance from the robot
Reassurance before a manipulation of the setting v - Child is requested by the robot to uncover the pictures
New interactional event v v A new book page is opened, the interlocutor introduces a new referent, the interlocutor
performs a gesture
Naming of the unknown target words v v The interlocutor names a target word
Test specific contexts of SR
Reassurance before the production of a target word v v Before producing the requested word, the child refers to the parent
No retrieval of the target word v v The child fails to retrieve the target word and refers to the parent
Successful retrieval of a target word v v The child is able to retrieve the target word and refers to the parent

which the children turned to their caregiver was when the
target words were named while the story was being told. This
type of social referencing occurred in both conditions, but was
more pronounced in interaction with the robot. Since the target
words were unknown to the children, it is reasonable that the
children addressed their parents to obtain more information
in order to dissolve the ambiguous situation. More specifically,
this observation ties in with accounts suggesting that children
seem to need reassurance from familiar interaction partners
(such as their parents) to trust information provided by less
familiar partners (Ehli et al., 2020). The last context in which
social referencing occurred concerned the occurrence of a new
event during the interaction. This included situations in the
dialogue such as when a picture was uncovered, a new page was
turned in the book during the retention test, the interlocutor
began to walk to the position for the final two target referents,
or when the interlocutor displayed a specific communicative
means such as a gesture. In such situations, the children in
the robot condition particularly extended the dyadic situation
into a triadic interaction with their caregiver as they were
clearly more unfamiliar with the robot’s interaction behavior.
For example, they often shared their positive surprise when the
robot performed a pointing gesture, which on the other hand
was possibly more ambiguous for the child compared to a human
gesture. Thus, children’s social referencing in these situations can
be explained in two ways: on the one hand by their preference
for sharing affective experiences with their caregivers, since they
have only limited skills for downregulating their arousal on their
own (Ainsworth et al., 2015). On the other hand, some of the
situations could also have been unclear to a child, which led them
to turn to their caregiver to disambiguate the ongoing situation
(a strategy for information seeking).

During the retention tests, we observed additional contexts
in which social referencing occurred: The children additionally
referred to their caregivers before they produced a target word to
the interlocutor, when they failed to retrieve a target word, and
in cases in which they successfully retrieved a target word. The
first two contextual types can be attributed to children’s attempt
to gather information or reassurance within the ambiguous
situation as well as receiving emotional support from their
familiar social partner when confronted with the situation of

not being able to produce the requested word. Children’s social
referencing occurring in the context of a successful production
of a target word mostly reflected the child’s intention to share
its positive affect with their caregiver and its joy in successfully
contributing to the communicative task.

To summarize, our analysis of children’s social referencing
during the interactions revealed that each child involved their
caregiver and used them as a resource during their interaction
with a novel interlocutor. In this vein, we identified several
contextual factors in which children consistently involved their
caregivers, indicating that the familiar social partner fulfilled
diverse functions during the entirety of the long-term interaction.
However, in accordance with our first hypothesis, the children
who interacted with the robot were significantly more likely to
approach their caregiver across all sessions (during both the
language learning situations as well as the test situations) than the
children who interacted with the human interlocutor. Regarding
our second hypothesis that children’s social referencing would
decrease over the course of the long-term interaction, our
results appear to demonstrate the reverse, indicating that
social referencing occurred consistently during the interactions,
especially during the interaction with the robot.

DISCUSSION

Our study involved a long-term interaction in an educational
setting through which we explored how children interacting
with an unfamiliar partner—either a social robot or a human —
involved their caregiver by displaying behavior known as social
referencing. The motivation for our approach was informed by
recent research suggesting that a caregiver might serve as a
helpful resource in an interaction between a child and a social
robot (Serholt, 2018; Rohlfing et al., 2020a). In terms of novel
aspects, the present study has focused on children’s non-verbal
means of social referencing and analyzed children’s looking
behavior within an educational setting of language learning over
multiple sessions. Overall, our results show that not only do
children socially refer to their caregiver in a novel learning
situation with a social robot and that they do so significantly
more often than during an interaction with an unfamiliar human
interlocutor, but that this behavior also persists long-term: Across
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four sessions, we found continuous social referencing to the
caregiver that was significantly more pronounced in the group
of children interacting with a social robot than in the group
interacting with an unfamiliar human partner. Contrary to our
prior assumption, we could not observe a significant decrease in
children’s social referencing in both groups despite the repetition
of the interaction and increasing familiarity with the situation.
Whereas, there appeared to be a slight decreasing tendency from
the second to the third learning situation in each group, this
trend may have been slowed down by the subsequent novel
situation of the retention task, which again increased children’s
reliance on the caregiver despite increasing familiarity with the
interaction partner. This could be supported by the observation
that some types of social referencing occur specifically in the
test situations. Since children’s social referencing is sensitive to
contextual variation (Feinman et al., 1992), we had expected
the difference between the groups to change during a test
situation (an interaction where the imparted knowledge was now
being assessed). Surprisingly, the group effect persisted and we
could not observe a significant change between the situations
in terms of children’s involvement of their caregivers. Thus,
children interacting with a social robot turned to their caregivers
more often than children interacting with an unfamiliar human
partner. A reason for the lack of increase in the test situation
could be that children became familiar with the interlocutor as
well as the interactional demands at that point in time, since three
interactions had already taken place before the first retention test
was administered.

The large difference in children’s social referencing behavior
between an interaction with the human vs. robotic partner is
striking. One explanation for our findings is that a human partner
naturally responds to various social cues (Kahle and Argyle,
2014) from the child in ways that social robots are not yet
capable of, given their present technological limitations. More
specifically, current social robots are not yet able to adapt to
their social partner by rapidly processing and responding to this
on-line non-verbal communicative information (Belpaeme et al.,
2018). In contrast, in more familiar human-human interaction, a
child might expect to share and exchange perceptual information
and emotional attitudes with an interaction partner such as
the caregiver (Butterworth and Jarrett, 1991; Tomasello, 1999).
These exchanges not only enable the child to temporally
synchronize with the interaction partner but also to monitor
the state of the interaction partner and to establish a mutual
understanding of the unfolding situation (Kozima et al., 2004).
In fact, despite practice to reduce it, the human partner
was observed to naturally use many subtle backchanneling
signals in response to the children. This might mean that the
robot does not meet certain expectations about the ongoing
social interaction or that it is not possible to establish a
mutual monitoring in the same way with a robotic partner.
In other words, because the robot does not pick up on the
child’s non-verbal cues, the “flow of conversation” (Wrede
et al., 2010) is disrupted resulting in children looking for
reassurance or other solutions to repair. It appears that the
process of mutual monitoring during an unfolding interaction
represents “a key mechanism of a social interaction enabling

partners to align and jointly act” (Rohlfing et al., 2020b: 4).
According to Clark and Krych (2004), a successful dialogue
requires the speaker to monitor both their own actions and
the understanding of the addressee during the interaction
and, if necessary, adapt their actions to the addressee, who
in turn continuously provides the speaker with information
about their current level of understanding. For example,
research has demonstrated that if the interactants are unable
to monitor each other, they make eight times more errors
than if they benefit from mutual monitoring (Clark and Krych,
2004). This is even more pertinent to settings where the goal
is to convey knowledge to a learner. Moreover, this joint
bilateral process is multimodal, involving verbal and non-verbal
means of communication (Vollmer et al.,, 2010). Although the
learning and testing procedures in the present study were
kept consistent between the conditions and we endeavored
to design the settings as similarly as possible regarding the
verbal and non-verbal input, it is conceivable that the children
interacting with the human partner could take advantage of
some social adaptation or confirmation (e.g., mutual gaze or
nodding) that the children interacting with the robot could not.
Consequently, those children interacting with the robot were
more frequently dependent on their caregiver as an additional
resource for interpreting the ongoing situation and overcoming
the disruption in the flow of conversation.

Along these lines, we further observed that the timing
of the social robot’s interactional behavior (the fluency of
its turn-taking) might also have contributed to the greater
proportion of social referencing among the children interacting
with it. In multimodal reciprocal interaction between humans,
children are used to rapidly exchanging utterances via multiple
channels such as speech, gaze or gesture (Rohlfing et al,
2019). This fluent exchange is organized in a way in which
the interactants’ contributions can minimally overlap (Levinson,
2016). Although we employed teleoperation in order to enable
the robot to act contingently with an appropriate timing and
manner, the higher latency of the robots responses compared
to those of the human interaction partner was unavoidable.
Due to this increased latency, it is possible that the children
were confused, which might have resulted in them seeking
guidance from their caregiver. In the study by Rohlfing et al.
(2020a), it was shown that caregivers suggestions during
communicative breakdowns were about what to expect from
a differently acting partner and how to cope with it: Children
were advised to speak louder, to repeat themselves or to wait.
Clearly, children thus expect and rely upon concrete coping
strategies solicited from their caregivers for how to repair the
flow of a conversation. In contrast, children interacting with
the human interlocutor might have benefited from a more
fluid interaction with a minimum of interruptions or delays,
which could have decreased children’s need for or reliance
on guidance from their caregiver in such situations. In fact,
in the present study, social referencing during delays in the
dialogue was only observed within the robot condition. The
duration of the interaction with the robot further supports
this interpretation as in many cases, it lasted longer in
comparison to the human-human interaction, although the
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human interlocutor deliberately slowed down the speed of
her utterances.

A considerable strength of our study relates to the close
parallels between the designs of the two conditions, allowing
us to make finely grained comparisons of their outcomes. This
also played out in the positioning of both the robot and human
interaction partners as peer-learners or informal tutors for the
child. The backstory during the familiarization phase in the robot
condition was designed to reinforce this interpretation and this
was mirrored in the human condition. As the human interaction
partner was not a native speaker of German, it was credible that
they had learnt these new words and concepts and that the child
(as a young native speaker of German) could be a peer learner.
We actually observed one of the participants making reference
to this backstory during a later experimental session when they
asked: “Did you just learn “blue” when you came to Germany?”
In this case, the human interaction partner replied: “Yes, in my
language we have a different word for it,” in order to answer the
child in as authentically a way as possible.

With respect to the methodology applied in this study,
we acknowledge the fact that other possibilities exist for the
assessment of children’s social referencing. Whereas, we decided
to operationalize social referencing in line with typical paradigms
and measured the cases in which the child visually checked in
with their caregiver, one could also think of verbal behavior
as a form of explicitly turning to the caregiver. In our study,
however, hardly any child used this form of social referencing
suggesting that our sample may have been too young to use this
form. Another decision that we made concerned the amount of
social referencing that we considered on average for each child.
An alternative would be to look at how social referencing as
a behavior develops (increases or decreases) individually over
the course of one session. However, such an analysis of the
development within a session would have depended heavily on
the individual and his or her temperamental characteristics such
as shyness (de Rosnay et al., 2006). Thus, we argue, when focusing
on changes within a session, an assessment is only valuable
if it is considered in relation to individual personality traits
(Tolksdorf et al., 2020a), which were not examined in the work
presented here.

We would also like to point to the possibility that the study
design and procedure could have impacted our results. Adapting
the design of the interaction from the robot experimental
setting to be suitably comparable when taking place with a
human interaction partner required us to make certain decisions.
These pertained to verbal, non-verbal, and pragmatic aspects
which relate to children’s expectations about social roles and
behaviors. In fact, this process of designing a comparable
setting highlighted to us the difficulty inherent in controlling
for potential behavioral differences between interactions and
in realizing an appropriate introduction of the interaction
partner so as to avoid biasing the data. The pilot sessions were
therefore a crucial part of the design process. We reviewed these
videotaped sessions as a group, noting and making revisions
for the human interaction partner’s verbal input and delivery,
including non-verbal signals. As a consequence, the human
interaction partner attempted to limit their visual checking as

well as the coordination of their gaze between the child and
the target word referents in order to be comparable with the
robot. As already mentioned above, they further endeavored
to inhibit their nodding and other confirmatory signals such
as corrective feedback and praise. During the interaction, the
human interaction partner also observed that many of the
children sought eye contact with her beyond the points in the
learning situation specifically scripted for it, to which it was
challenging not to respond instinctively. Although implicit, non-
verbal, subconscious behaviors like nodding and eye contact were
therefore very difficult to consistently control for, the human

interaction partner was more successful at constraining explicit
verbal feedback.

LIMITATIONS

As already suggested above, there are some limitations to our
study regarding the generalizability of our results. First, our
obtained results were likely influenced by the specific setting
employed. The specific social robot used and the human
interlocutor and their social behavior during the learning
situation may have affected the childs behavior. A different
social robot such as a pet-like or semi-humanoid social robot
(Neumann, 2020) as well as another human interlocutor may
have led to other results. Second, it is also important to emphasize
that this study is limited by a relatively small sample size. We
have to point out, however, that by conducting a long-term study
over multiple sessions, the repeated measurement of the variable
of interest over time strengthens the replicability and robustness
of our findings (Smith and Little, 2018), while also allowing
us to provide a particularly nuanced view of the development
of children’s behavior. Even though the sample size employed
is in accordance with prior studies using a similar paradigm
(Mcgregor et al., 2009) and we found clear differences between
the groups in each session, each with a large effect size, further
studies are necessary to validate our findings.

Yet  another  possible limitation  concerns  the
representativeness of our results because the two groups
were not balanced in gender. In this respect, past research
suggests that children’s social referencing to their parents is
generalizable across gender (Feinman et al., 1992; Aktar et al,
2013). This finding indicates that similar behavior can be
expected across gender groups, which is supported by the fact
that gender-specific effects are traditionally low in the literature
of social referencing (de Rosnay et al., 2006). Third, despite our
best attempts to minimize differences between conditions, it
is possible that some non-verbal and subconscious processes
of familiarization and socialization could have already played
out before the learning-situation part of the interaction began.
For example, the child could already have been subconsciously
aware that their caregiver had accepted the human interaction
partner as a non-threat simply due to their presence and social
cues during the conversation about the ethics procedures with
the experimenter. However, this level of contact is arguably
comparable to the familiarization and warm-up stages carried
out in the robot condition, considering that the human
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interaction partner was also unknown to the child and further
represented some novelty factor to them as a person from a
different country. Finally, there were a number of other issues
that we had to consider involving the course of the interactions.
One question concerned whether to tightly control the length of
the possible interaction between the child and human interaction
partner, preventing any further interaction beyond that of the
learning situation. This would have been more comparable to
the robot condition (switching it on and off) but less natural and
could have been disruptive for the child. As a result, when the
children and their caregiver were saying goodbye and leaving,
there was slightly more interaction with the human interaction
partner than they would have had with the robot. This was
almost unavoidable because of the need to appropriately meet
their social expectations. We contemplated inventing a story for
the human interaction partner that would require them to leave
suddenly to “go to a meeting” or “catch a train,” allowing them to
cut short the interaction with the child. However, we eventually
decided that this was ethically an unnecessary level of deception
and that it could cause the child to develop negative ideas about
the reliability of the interaction partner, regarding time-keeping
for example, potentially influencing the interaction.

CONCLUSIONS AND PERSPECTIVES

In conclusion, the findings presented here have important
implications for both carrying out research with social robots
and implementing them within educational practice. Our results
indicate that a caregiver serves as an important resource in
children’s interactions with digital learning tools such as social
robots (at the current technological stage) and show that social
referencing emerges as an important phenomenon in child-robot
interaction. In this vein, our study not only revealed that children
frequently initiate non-verbal exchanges between themselves and
their caregivers at certain stages during an interaction with
a robot, but also do so consistently over the long-term. In
contrast, children who interacted in the same learning and testing
situations with an unfamiliar human interlocutor addressed their
caregiver to a considerably reduced amount.

At this point, we would like to be clear in our objective:
When designing technology, the solution should not be to reduce
social referencing within a child-robot interaction; instead, it is
important to focus on where the child needs additional support
in those interactions with the goal of developing more child-
oriented technologies. Thus, referring to our observations above,
we can postulate some crucial aspects when designing child-
oriented social robots: On the one hand, educational social
robots require means of monitoring the childs engagement and
understanding in the interaction while simultaneously enabling
the child to monitor the state of the robot. For this reason, a
social robot should utilize multiple social signals to allow the
child to better interpret the ongoing interaction and to allow
socioemotional perception toward the robot. This ties in with
recent research highlighting that emotional expressions by a
robot are expected to occur at specific stages within an interaction
and can be beneficial (Fischer et al., 2019). However, many of

the current social robots, including the Nao robot used here,
are highly restricted in terms of their capabilities for affective
expression (Song and Yamada, 2017). On the other hand, to
further minimize interruptions and irritations in a child-robot
dialogue, future implementations of social robots in educational
contexts need a better multimodal turn-taking model in terms
of the timing of the reciprocal interaction with a child (Baxter
et al., 2013; Tolksdorf and Mertens, 2020). This would include,
for example, a better child-specific speech recognition (Kennedy
et al,, 2017) to allow for a more contingent interaction and to
reduce the latency of the responses of the robotic system. Clearly,
the integration of these technologies will require further technical
advances across a range of processes within artificial intelligence
and robotics (Belpaeme et al., 2018). To conclude, addressing
children’s behavior and recognizing their emotional states within
these interactions can inform future digital technologies and
better enable their integration into the educational landscape.
In future work, it would also be of interest to explore the role
of a child’s individual temperament in their social behavior and
learning within the interaction with a social robot. This would
further shed light on how suitable learning environments for
children can be created in the digital world in the future.
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