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Abstract— This review examines recent methodological ap-
proaches for the evaluation of child-robot interaction in learning
settings. The main aims are to map existing work from a
user-centered perspective, to identify possible trends related to
evaluation methods for child-robot interaction, and to discuss
potential future directions. We present a systematic review of
existing studies, which have been thematically organized based
on their research objectives. We then examine the evaluation
methods that were used in these studies and we propose a
conceptual framework based on the one hand on the themes that
emerged, namely the social interaction between the child and
the robot, the social acceptance, possible emotional interactions,
the learning process and the learning outcome, and on the
other hand on the corresponding measures. These methods
have been considered in relation with the age ranges of the
children, because of the relationship of their cognitive level to
the choice of a developmentally appropriate evaluation method.
We use this framework to highlight current trends and needs
for the field and to contextualize the methodological directions
for child-robot interaction. Finally, we discuss the challenges
and limitations of the current methodological approaches as
well as possible future directions for the evaluation methods of
child-robot interaction in learning settings.

I. INTRODUCTION

This review investigates the current approaches of evalu-
ation methods in the field of child-robot interaction (CRI)
in learning settings. Our main aim is to identify trends,
challenges and needs in existing studies regarding their ob-
jectives and the corresponding methods. Our main motivation
for this review relates to one of the aims of our current
project - Expressive Agents for Symbiotic Education and
Learning (EASEL) - which includes the evaluation of robots’
behaviour in order to optimize the CRI in learning settings.
During a series of studies we tried to evaluate the extent
to which the EASEL robot is able to initiate, sustain and
support a developmentally appropriate CRI, in which the
robot has the role of a learning companion. Despite the
well-established methods for evaluation of child development
from a psychological perspective e.g. [1] as well the growing
maturity of the evaluation methods for child-computer inter-
action [2], there are several challenges that invite researchers,
who work on user-centered approaches of CRI, to think
of novel methods. One of the main reasons relates to the
synthetic nature of CRI, which seems to be underpinned by
different norms than those of child-child and child-computer
interaction. The questions that we will attempt to answer with
this review are the following: What are the most prevalent
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objectives of the existing studies on CRI? What are the
evaluation methods that are used to address these objectives?
Which age-group within childhood is mostly investigated?
How does the objectives of the study and the target age group
of children affect the choice of the evaluation methods for
CRI? Finally, based on the literature, we suggest a conceptual
framework for the existing evaluation methods, highlighting
the current challenges and possible future directions.

II. METHODS

For the reliability of the review process, we used the
PRISMA flow diagram for Systematic Review and Meta-
analysis [3]. We conducted an electronic database search
of studies reported in the English language, covering the
fields of robotics, computer science, psychology and educa-
tion by using the following databases: Scopus, Association
for Computing Machinery (ACM), American Psychological
Association (APA) and Education Resources Information
Center (ERIC). We used these specific databases in order
to cover the multiple disciplines that engage in the field of
CRI from a user-centered perspective, being aware that these
databases represent only a portion of the existing relevant
studies. We searched for papers with the terms “child” and
“robot” in the body of the title, the abstract and the keywords.
We excluded “autism”, “ASD” and “disorder”, since the
focus of this study lies on robot interaction with typically
developing children only. In total 376 papers were found.
After the removal of 90 duplicates, we had 287 studies for
screening. Duplicates refer to both the appearance of the
same study in two or more different databases as well as the
papers that present the results of a study that has also been
reported elsewhere (e.g. as a journal paper) reporting the
study in more detail. We decided to include studies for the
period from the 1st of January 2000 until the 1st of December
2015, which resulted in the inclusion of 279 studies for
further screening according to the criteria that are presented
in the following section.

A. Screening and Eligibility Criteria

All the titles and abstracts were screened in order for us to
identify and remove the studies with the following exclusion
criteria. Initially, we excluded studies that were relevant to
non-typically developing children or children with some form
of disability or health problems. The reason for this exclusion
criterion lies in the fact that special features of the target
group may need methodological approaches, the examination
of which is beyond the scope of this paper. Secondly, we
excluded the robotics-centered studies, which were aimed
either at technical advances or at the development of robots’



cognitive architectures. These type of studies are conducted
with the aim of experimentation of the robotic system per
se, rather than with a focus on the interaction between the
child and the robot. However, it is assumed that any study
that investigates the interaction between humans and robots
may involve some robotics component. In the case of the
studies with a dual aim (child-centered and robot-centered),
we decided to include the papers, if they fulfilled the rest of
the criteria as discussed in the following section. After the
removal of 40 studies according to the exclusion criteria, 239
studies remained to be assessed for eligibility to be coded.
The eligibility of the studies was dependent on the following
criteria:

• the paper includes at least one user study with children.
In this way, we excluded theoretical and review studies;

• the paper clearly identifies the age-range of the partic-
ipants; and

• the paper reports the results obtained by the study.
After the screening of the papers according to the above-

mentioned criteria, we excluded 144 studies, which resulted
in the identification of 135 papers as eligible for inclusion
in this review. Although that the analysis we present in
this review is based on all the 135 papers, due to space
limitations, in this paper we cite only some representative
papers. The full set of the reviewed papers is available upon
request.

B. Variable Definitions

In order for us to organize the review of these papers we
annotated them according to 3 variables: (i) the objectives of
the study; (ii) the corresponding methods; (iii) the age range
of the participant children.

Regarding the objective of the studies, we coded each
study in reference to the five umbrella themes, which were
derived from the initial bottom up annotation as follows: (i)
social interaction between the child and the robot, (ii) the
social acceptance, (iii) possible emotional interaction, (iv)
the learning process, and (v) the learning outcome. As far as
the methodological approaches are concerned, we coded the
type of the measurement and the study design in accordance
to the following themes: (i) self-assessment methods, (ii)
behavioural observations, (iii) psycho-physiological metrics,
and (iv) task performance measurements. We coded the
research design either as a longitudinal or as single-session
study - which was usually called an experimental study.
In addition, we annotated the age range of the participant
children. In the field of developmental psychology, the most
well-established classification of children’s developmental
stages is the one that was suggested by Jean Piaget [4];
despite some limitations [5], we decided to use this clas-
sification as a starting point to code children’s age-groups,
namely: (i) sensory-motor stage (birth - 2yrs), (ii) pre-
operational stage (3yrs - 5yrs), (iii) concrete operational stage
(6yrs - 11yrs), and (iv) formal operational stage (12yrs -
16yrs). The combination of these codes was the basis of
the conceptual framework for the evaluation methods in CRI
that we suggest with this paper. Although we analysed all

of the 135 papers, due to space limitations, in this review
we report only representative examples of papers for each of
the above mentioned codes. Based on these codes, we will
describe the development of our conceptual framework for
the existing methodological approaches that are used for the
evaluation of CRI.

III. EXAMPLES FROM THE LITERATURE

As a starting point for the organization of this overview
we used the developmental paradigm of socio-cultural theory
[6], according to which, children develop better when learn-
ing occurs in a social context. During the social interaction,
the learner actively contributes to the construction of their
knowledge [7]. As a result, the social interactions may
influence the learning gains. In this case, children’s learning
companions include physical humanoid or non-humanoid
robots.

Attributing social competence to inanimate entities is
a well-investigated phenomenon that appears in young
children [8]. The evaluation of children’s perspectives of
robot’s socialness has been mainly investigated with ob-
servational methods, semi-structured interviews and ques-
tionnaires, which allow for an understanding of children’s
criteria of social acceptance [9]. A child’s perceptions and
interpretation of a robot’s social behaviour relates to the
repertoire of its social acts and its verbal and non-verbal cues.
Multimodality creates the opportunities for richer and more
effective interactions, however they are more complex to
design and evaluate [10]. One of the commonly used method
for the evaluation of CRI is the systematic observation of
children’s behaviours focusing on low-level or high-level
behaviours [11], [12].

However, children’s social acceptance seems to be culture-
specific. Intercultural studies that include self-report scores,
perception tests and behavioural analyses have shown that
children with different cultural backgrounds reacted differ-
ently towards robots [13]. Moreover, children appear to be
biased by the novelty effect when they interact with a robot
for the first time. However, in long-term interactions, social
acceptance and effective interactions may be established,
when the novelty effect diminishes [14]. Social acceptance
in long-term interactions has been evaluated with the use
of self-report measurement methods in combination with
observational methods as well as with objective methods of
automated data collection.

As far as the selection of the methodologies for self-
assessment is concerned, one of the most common ap-
proaches is the use of questionnaires. However, in the case
of young children several challenges arise. A variety of
methods, such as pictorial tasks, can be used to address
these challenges. Harter and Pike [15], for example, pro-
posed a validated scale of perceived competence and social
acceptance for young children. One of the indications of
the effectiveness of this approach is that the combination of
the pictorial task along with semi-structured interviews help
children to use the visual stimulus for their better understand-
ing of the questions. Additionally, while the children tended



to polarize their responses trying to give socially desirable
answers, by giving a second chance to the child to make a
selection of a picture, they avoid polarization (ibid.).

Child-robot social interaction often leads to a child’s
emotional response and eventually to a possible emotional
bonding with the robot [16]. In such a case, emotion recog-
nition is associated with the child’s ability to distinguish
the various emotional expressions in facial, gestural, vocal
and verbal displays in robots and to understand their social-
contextual meaning and its verbal and vocal expression [17].
Beck et al. [18] measured children’s perceptions of robot’s
emotional states by systematically altering its head positions
of six emotional key poses. They used questionnaires to ask
children and adults to ascribe the robot’s posture to a certain
emotional state. For emotional long-term interaction, models
of adaptive emotion expression have been developed [19]
with the use of video analysis and questionnaires to find
that children reacted more expressively to a robot, when it
exhibits emotional expressions in an adaptive way.

Long-term repeated studies have used standardized vali-
dated existing tools to evaluate the robot’s effects on learning
process. Kanda et al. [20], for example, used continuous
automated methods to investigate the process of children’s
adaptation to robots. Long-term studies have investigated
children’s learning processes when a robot is used as a
tool for children to learn specific skills by using qualitative
approaches such as design-based approaches [21]. Other
methods for the evaluation of the learning process include
observational methods of children’s task-related activity over
time [20], automatically generated data and measurement of
the length of utterances and qualitative categorization of the
content of children’s utterances in order to investigate the
gradual change of children’s behaviour [22].

Summative evaluation methods have been widely used
to assess children’s learning outcomes, as a product of the
learning process. To give a conventional distinction between
the learning process and the learning product, we have
conceptualized the code of learning process as the code of
how, and the learning product as a code of what. Tests before
and after the intervention, as well as task performance during
the intervention, reveal the effectiveness of the interactions
in the learning task [23], [24], [25], [26]. While summative
evaluation methods are objective methods, which allow for
generalizations, there are limitations in investigating clear
relations and causalities when the intervention happens in
a real school setting, where multiple factors may affect the
result.

In addition to the above-mentioned features of the studies,
the degree of autonomy of the robot, the wildness of the
interaction environment and the target group under inves-
tigation seem to have a catalytic role on the selection of
the evaluation methods. In CRI, target groups may include
children within a wide age range, which require developmen-
tally appropriate methods. The robot’s social characteristics
and its role in the task may also affect the choice of the
evaluation metrics. Examples include a tutor, who gives
hints or instructions for the child to follow [24]; a peer or

co-learner, which adopts empathetic behaviours towards the
child [27]; a mediator, who facilitates the social interaction
between the children [28]; or a tool for children to acquire
specific learning goals such as programming skills [21].

This literature review of representative studies highlighted
the interrelation of the objectives that each study aims to
address with the evaluation methods that are used.

IV. THE CONCEPTUAL FRAMEWORK

A systematic coding of the whole set of eligible studies
was conducted which resulted in the following conceptual
framework.

A. A Classification of the Objectives in Learning Settings

The examination of the research goals of the 135 eligible
studies that we included in this review, led us to their
classification into five interconnected thematic constructs, as
follows:

Social interaction; describes the short-term and long-term
interaction between the child and the robot, such as verbal
and non-verbal communication. Despite that every interac-
tion between the child and the robot could be characterized
as social, this variable refers to the specific research goal of
social features within CRI.

Social acceptance; includes children’s attitudes and per-
spectives about the socialness of the robot and indicates their
willingness to accept it as a social agent. This variable builds
upon the previously described social interaction between
the child and the robot. However, in the case of social
acceptance, the child ascribes social characteristics to the
robot that trigger the intention for interaction. This variable
may encompass novel behaviours exhibited by the child,
which do not appear in child-child interaction or child-
computer interaction.

Emotional interaction; refers to long-term interaction that
may trigger children’s emotional engagement and eventual
bonding with the robot. It includes the investigation of the
prerequisite emotional statements that are needed in order for
the emotional engagement and interaction to happen, such as
the establishment of trust.

Learning process; is the learning trajectory that is shaped
by a learner when he or she interacts with the learning
companion - in this case the robot - in the context of a
specific learning task either in one session or longitudinally.

Learning outcome; is defined as the fulfillment of a
specific learning goal, in the form of a cognitive achievement
or as a desired skill or competence. Research in developmen-
tal psychology has identified developmental stages, which
indicate the the cognitive competence of children according
to their age or environmental characteristics.

B. A Classification of the Methods

In this section, we take the above-mentioned studies as a
starting point to expand the discussion about the evaluation
methods that are commonly used in this field. When it is
necessary, we provide additional input from the field of child-
child interaction. A large body of quantitative methods seek



to investigate correlations or causations in child-robot inter-
action, while qualitative ethnographic-inspired methods seek
for a deep understanding of phenomena under investigation
in naturalistic settings. Four main categories of methods that
are commonly used for the evaluation of CRI are as follows:

Self-assessment methods have been used to investigate
participants’ perceptions of the phenomenon under investi-
gation. However, children’s abilities for reflecting on them-
selves and their capabilities of accurate verbal expression of
their thoughts are under development, which raises several
challenges. Attempts to overcome these difficulties include
indirect approaches, such as the use of pictorial tasks.
Harter and Pike [15] built the pictorial scale of perceived
competence and social acceptance for young children, which
entails a detailed example for validated construction of devel-
opmentally appropriate tools for children’s self-assessment.
In the field of child-robot interaction, pictorial tasks have
been used as a starting point for semi-structured interviews,
using stimuli and settings that are meaningful for children
[29]. Measures of conversational engagement, the frequency
of the use of specific words as well as content analysis of
their responses are the main methods for analysis of semi-
structured interviews. Additionally, questionnaires that are
already validated from human-human interaction have been
slightly modified in order to be appropriate for children.
Alves-Olivera et al [30] for example, were inspired by a
validated scale to build a questionnaire to measure children’s
expectations and satisfaction for their interaction with robots.
Finally, while the use of large-scale surveys seems to inform
research in human-robot interaction with adults, it does not
seem to be common among the methods of self-assessment
for children. Borgers et al. [31] discuss the influence of
cognitive development on response quality, which requires
appropriate questions for children. Okita and Schwartz [32]
addressed this challenge by asking the children only sim-
ple questions. However, oversimplification of the questions
limits the scope and the goals of the research. Despite the
challenges in self-assessment methods with children and the
ways that they evaluate their interaction with a robot, it has
been shown that children can provide reliable responses if
questioned in a manner that they can understand and about
events that are meaningful to them [33].

Behavioural observations have been used in order to
gain understandings from the child’s behavioural cues during
her interaction with the robot. Ethnographic approaches, for
example, use behavioural observations to discover high-level
patterns and regularities in real settings [34]. Exploratory
and descriptive methods, such as design-based research, have
been used for the identification of newly researched fields
[21]. Most of these studies use behavioural observations to
assess CRI in real-life settings with the analysis of high-
level behaviours; however they have often been critisized
by scholars who follow different epistemological paradigms.
Behavioural observations have also been used in micro-
genetic and experimental studies [35]. In these cases, the
researchers analyse low-level behaviours, such as touch,
gaze, speech, gesture, in order to achieve more objective
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metrics.
Psycho-physiological metrics for the evaluation of CRI

include automated measures that seek to detect or iden-
tify a specific human physiological statements or signals.
The evaluation of participants’ responses to a robot occurs
through these signals, which are used for the development,
implementation of real-time control and modification of
robot behaviours, such as social signal processing (for a
review [36]) albeit the challenges that emerge in measuring
the quality of the human-robot interaction [37]. Brain-based
methods, sociometrics and psychometrics have been used
as objective tools to measure psychological statements. Ex-
amples include the Emotional Understanding Score (EUS),
which measure a participant’s ability to correctly recognize
and label characters’ emotional states [38].

Lastly, task performance is used to evaluate the effective-
ness of interventions with robots. More specifically, pretests
and posttests as well as standardized tests or time spent on a
specific activity are examples of the objective measurements
of participants’ task performance [34].

V. RESULTS

Based on the above mentioned framework, results from
the review of 135 studies reveal that the research design
of the 81.5% (110 out of 135) of the studies used one-
session study, while 18.5% (25 out of 135) was conducted
as a longitudinal study. More than half of the longitudinal
studies (16 out of 25) were conducted after the year 2011,
with a peak at the year 2014. The objectives of the studies
were annotated according to the suggested framework. Some
of the studies had more than one objective, which were
annotated separately, resulting in 162 cases. Out of these 162
cases, 54 (33.3%) focused on the examination of children’s
social interaction with the robot, 36 (22.2%) on the ways
that children accept (or not) a robot as a social agent, 26
(16.1%) on children’s emotional involvement with a robot,
12 (21%) included as one of their objectives the changes in
learning outcomes after an intervention with a robot, and 34
out of 162 (7.4%) focused on the investigation of children’s
learning process.

In total 241 measurements were used in the 135 included
papers. From this number of measurements, we excluded 11
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measurements because they focused on the perceptions of
adults (parents, teachers, experts). Out of 230 measurements,
95 (41.30%) were self-assessments, 98 (42.61%) were be-
havioural observations, 3 (1.30%) studies focused on psycho-
physiological metrics and 34 (15.78%) on task-performance
(fig. 1). It is noticeable that the self-assessments included
six different types of measurements (fig. 2), namely 32
questionnaires (33.68%), 43 interviews (45.26%), 5 focus
groups (5.26%), 7 surveys (7.37%), 2 drawing tasks (2.11%),
and 6 pictorial tasks (6.32%). For the purposes of this review,
we made a distinction between the questionnaires and the
pictorial tasks and drawings based on the modality that was
used to trigger an answer from a child (e.g. written text
versus visual representations or child’s creations).

The studies that were included in these papers focused
on users from a variety of age groups within childhood
according to their cognitive stage. In some cases, the same
study investigated children from two different age-groups,
which were annotated separately, resulting in 151 cases. Out
of these 151 cases, 4 (5.88%) studies focused on children
of sensory-motor stage, 57(35.29%) studies on the pre-
operational stage, 77 studies on the concrete operational
stage (50.33%) and 13 (8.50%)studies on the formal oper-
ational stage. A further result of interest is related to the
choice of the method in relation with the cognitive level of
the children. In the case of the use of self-assessment meth-
ods, for example, scholars have tried a variety of methods
depending on the participant age group (see fig. 2). More
specifically, interviews were mainly used with children aged
3-5yrs, while questionnaires with children aged 6-11yrs.

In the following section we discuss the conclusions of this
review and suggest some possible future directions.

VI. CONCLUSION AND FUTURE DIRECTIONS

This paper presents a systematic review of studies on CRI
with a focus on the evaluation methods. Because of the
idiosyncratic nature of child-robot interaction, it has been
previously noted that there is a need for novel methods of
evaluation [39]. This review reveals a plurality in method-
ological approaches for user-centered CRI. However, the

discussion is still open on the expansion of these methods
taking into account the idiosyncratic nature of CRI.

More specifically, the objectives across studies focus on
children’s perceptions of robots’ social features and the
ways that these social features affected the interaction with
the robot as well as the learning process and the learning
outcomes. However, it was observed that there is a sub-
stantial lack of studies regarding long term CRI and the
examination of the learning process with a robotic learn-
ing companion. This gap in the literature could possibly
relate to: (i) the practical challenges in researching in the
classroom for long term, (ii) the technological readiness of
the robotic systems, and (iii) to the development of novel
methodological approaches that allow the mapping of the
process in such an environment. This requires learning tasks
that are clear and compact enough for using them in short
episodes of learning, but at the same time adaptable enough
to allow repeated sessions over a longer period able to keep
the interest of the children. Additionally, while there have
been successful attempts with novel ways of evaluation,
validation of these methods is needed. A number of studies
have tried new methodological approaches, which have a
lot of potential, such as the pictorial tasks and the human-
likeness thermometer. However, their validation and their
use across cases would be catalytic for the advance of the
field of CRI, since cross-studies examinations would be
possible. Furthermore, this review revealed an imbalance
between the use of experimental well-controlled studies and
naturalistic ones. Despite the increasing number of studies
in naturalistic settings, often the setting tend to be artificial.
The experimental setup can strongly influence the results of
an experiment. The results of this review show that CRI
research uses laboratory settings rather than more naturalistic
user environments. This requires modification of the tasks in
a way that the setup can function more independently as a
natural element.

Existing studies have already yielded methodological in-
sights of the interplay between children, robots and learning.
The proposed framework was mainly used for the organiza-
tion of this review; potentially, it can be used as a common
framework for the methodological integration of the multi-
disciplinary research and possible cross-studies validation.
These steps may support the development of more advanced
methodological techniques that are developmentally and eth-
ically appropriate for children in different age ranges and
offer a basis for future methodological directions.
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