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Abstract
Especially these days, innovation and support from technology to relieve pressure in education is highly urgent. This study
tested the potential advantage of a social robot over a tablet in (second) language learning on performance, engagement, and
enjoyment. Shortages in primary education call for new technology solutions. Previous studies combined robots with tablets,
to compensate for robot’s limitations, however, this study applied direct human–robot interaction. Primary school children (N
� 63, aged 4–6) participated in a 3-wave field experiment with story-telling exercises, either with a semi-autonomous robot
(without tablet, using WOz) or a tablet. Results showed increased learning gains over time when training with a social robot,
compared to the tablet. Children who trained with a robot were more engaged in the story-telling task and enjoyed it more.
Robot’s behavioral style (social or neutral) hardly differed overall, however, seems to vary for high versus low educational
abilities. While social robots need sophistication before being implemented in schools, our study shows the potential of social
robots as tutors in (second) language learning.

Keywords Robot tutor · Robot-child interaction · Second language learning · Field experiment · Longitudinal · Primary
school · Migrant children

1 Introduction

Primary education in Europe is facing a rising shortage.
Budget cuts and shortageof personnel result in growing class-
rooms whereas they are also facing increasing diversity. The
global Covid-pandemic has made the shortage of personnel
in primary education even more prominent. As teachers fall
sick, under-qualified staff is faced with teaching their classes
[11]. The need for innovation in digital education has become
greater than ever [4]. Qualified teachers are scarce, in par-
ticular for special need students, and nearly half of schools
report a shortage of teachers for these students [30]. The
shortage is most prominent in schools with a complex stu-
dent population where some students require more attention
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than others [29]. Primary school classes today exist of chil-
dren with different educational levels, cultural backgrounds
and socioeconomic status. As of today, almost one-third of
children starting primary school in the Netherlands has a
migration background [29]. Children with a migration back-
ground start primary school with a disadvantage, as their
educational achievement falls behind even at the age of three
[40, 55]. These unequal levels of knowledge further compli-
cate compiling a curriculum for preschool teachers relevant
to all children in their class [37]. This is especially relevant
as children profit most from education adjusted to their level
of knowledge [61].

To cope with the growing shortage of staff and increased
diversity, technologies such as social robots and tablets could
offer opportunities for improvement. Tablets are accessible
tools and currently, primary schools have started using them
for tailored learning tasks. Learning with a tablet seems
to affect learning outcomes positively, however, a number
of difficulties have emerged for implementing tablets as
learning tools [27, 58]. Challenges with using tablets for
education purposes are, for instance, the device’s distract-
ing nature, the abundance of applications, technical issues
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and expertise needed for their use and implementation in
teaching programs [58]. The design of a tablet is reported
to be problematic with many easy-accessible and distractive
apps, which raises pedagogical questions around duration of
engagement with the tablet and what applications are acces-
sible to children during this time [48]. Thus, using tablets
for educational purposes seems to come with many chal-
lenges.

An alternative option worth exploring is a social robot. A
great advantage of social robots over tablets is its embod-
iment and anthropomorphism [8, 9]. People easily ascribe
human features to a social robot rather than to a tablet [57].
Humanoid robots are more likely to be perceived as friends
with whom people enjoy interacting more than with a vir-
tual agent in a tablet application [51]. The tablet’s lack of
embodiment also causes people to trust it less than an embod-
ied robot and people follow instructions from a robot more
closely than similar instructions provided by a tablet with the
same voice [43]. These findings support the importance of
both the physical appearance and the social capabilities of
interactive technology, and embodied robots that resemble
human beings both physically and behaviorally seem to have
the advantage in terms of acceptance, trustworthiness and
likeability. Importantly, this increased likeability and accep-
tance of social robots might give them an additional edge as
tutors and educational aids, compared with other forms of
non-social technologies, such as tablets. Therefore, it might
be worthwhile to explore using social robots as a replace-
ment for tablets, as they do not carry other non-educational
applications, which in turn might reduce distraction.

1.1 Theoretical Framework

Social robots are shown to be effective tutors, enhancing
concentration and academic performance, and are used in
language development in young children [7]. Social robots
have the potential to enable one-on-one tutoring and tailored
exercises for which teachers currently do not have the time
nor capacity, whereas one-on-one tutoring is most effec-
tive [12]. In addition, language learning with a robot tutor
can be experienced as less intimidating in comparison to
a peer or teacher [23]. In contrast to their human counter-
parts, social robot tutors will never get tired or annoyed, and
are unbiased towards students. Training can be adjusted to
the individual’s knowledge level, which is valuable in (sec-
ond) language learning [49, 61]. However, studies also show
mixed results for robot tutors, in particular in the area of sec-
ond language learning, and have methodological problems
like small sample sizes, lack of adequate control conditions
in the experiments, and not accounting for potential con-
founding factors that may have affected the participant’s
performance [8]. Clarity around the true effect of robot tutors,
and particularly social robot tutors is needed in order for them

to be implemented, especially when working with a young
target audience.

1.1.1 Embodiment, Perceived Humanness and Interaction

Importantly, the embodiment of social robots is advanta-
geous as it enables the possibility of natural interaction,
which is beneficial for (second) language learning [8]. Natu-
ral interaction is defined as communicating through gestures,
expressions, movements and manipulating physical objects
by interacting with the real world [59]. At a young age, chil-
dren learn language through conversation with their parents,
storybook reading, and other use of language in their envi-
ronment [10, 14, 22]. Through embodiment social robots
can provide natural interaction, which stimulates language
learning in children. Natural interaction is further stimulated
through a robot’s human-like features (e.g., eyes, mouth). An
embodied system such as a humanoid social robot is more
stimulating for oral dialogue, and therefore language devel-
opment, than devices that lack these human-like features [8,
53].

This perceived humanness, or how human-like an object
or agent is evaluated, gives a social robot advantages as a
tutor. Human-like features in a system elicits it being anthro-
pomorphized [18]. Anthropomorphic robots are commonly
used in (second) language learning, and support attribution
of the robot as real conversational partner, as well as boosting
student engagement (Randall 53). A recent study in sec-
ond language learning found that children who perceived the
robot as more human, knew more words after tutoring [9]. In
interacting with humanoids, people can even feel an affective
bond between themselves and the robot [33]. This perceived
humanness creates potential for social robots to take up the
role of teacher, tutor or peer for learning tasks.

1.1.2 Enjoyment and Engagement

Additionally, prior studies showed that enjoyment and
engagement during learning exercises can increase learning
gains [24, 35] further confirmed by ameta-analysis [7]. Chil-
dren who engaged more in story-telling with a robot also
showed higher learning outcomes [49, 56]. The use of feed-
back can be of help to increase engagement in a (second)
language learning task [1, 26]. Furthermore, language learn-
ing with a social robot boosts enjoyment, which facilitates a
better learning experience, causing the students to immerse
themselves in the learning process [2]. Therefore, enjoyment
and engagement are important to includewhen studying (sec-
ond) language learning. However, van den Berghe et al. [8]
point out that high engagement might also be due to the nov-
elty effect of interacting with the robot, implying that the
beneficial effects of the robot on engagement and enjoyment
may diminish as the robot tutor becomes more familiar and
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commonplace. Thus, while engagement and enjoyment pos-
sibly influence the learning process positively, confounding
effects need to be accounted for.

1.1.3 Robot Behavior and Education

In education, a teacher’s behavior or communication style is
an important differential factor in student achievement gains
[62]. Teachers can communicate in a neutral or more person-
alized and socially supportive way, and for human teachers
the latter is usuallymore successful [21, 39, 65]. Studies with
robot tutors in education thus far applied two types of robots’
behaviors: including social behaviors like gestures, or acting
just neutral and strictly task-oriented. However, results are
generally mixed [7]. A number of studies report different
effects, or lack thereof, on learning outcomes when robots
express different gestures, gazes and behavioral expressions
[15, 31, 32, 36, 42, 63]. There is a fine line between the
robot being social enough to sustain children’s interest and
the robot distracting or even intimidating children by being
too social [8].

In varying a robot’s social style, the specific characteris-
tics of the robot’s learner may make a difference. Individual
differences in attentional control (e.g., ADHD, [3]) can
complicate the learning process and cause a child to be eas-
ily distracted. Varying the communication style (social vs.
neutral) in a study using an autonomous embodied robot
rehearsing multiplication tables impacted children with indi-
vidual differences in math ability (below vs. above average)
differently [32]. Particularly, children whose skills were
below-average inmath ability did not benefit from the robot’s
social communication style and performed better with a neu-
tral robot. As opposed to a high-concentration task like math,
language learning requires social communication as an inte-
gral part to support natural interaction [28, 59]. Varying a
robot’s social style might therefore have different effects in
(second) language learning.

Thus far, however, research comparing a social robot to
a tablet has not yet found significant differences in learn-
ing outcomes for (second) language learning [8, 37, 60]. We
argue that an important limitation in those studies was that
an accompanying tablet was used alongside the robot for the
interaction. The tablet was needed as input device because
Automatic Speech Recognition (ASR) for the ability to accu-
rately process spoken language in robots is not yet sufficiently
developed. Problematic is that tablets distract the focus of
attention from the robot, or even the task altogether and lead
the child to primarily focus on the tablet [58, 60]. This limits
the natural child-robot interaction and reduces the valueof the
robot as a physical entity [7, 8, 13, 32]. A mediating device,
such as a tablet, may undermine the advantage of the robot
being a physical conversational partner in direct interaction
with the pupil [34]. Particularly in language education, where

‘face-to-face’ conversation is key to natural interaction, this
might be problematic. As stated earlier, natural interaction
is important for language learning and would lead to better
understanding of the effect of robot tutors. Therefore, the cur-
rent study crucially differs from previous studies in studying
direct interaction with a robot, that is, without using a tablet
in between to allow for direct robot-child interaction.

In sum, the aim of this study is to test the effectiveness
of a social robot without an additional tablet for (second)
language learning. We focused on children aged 4–6 years,
learning Dutch as first or second language with a socially
or neutrally behaving robot compared to a tablet. Most
participants have (parents from) a (non-western) migration
background and just entered primary school in the Nether-
lands. In a 3-wave (T0-T2) field experiment, the robot/tablet
read an interactive story with the children. Interactive sto-
rytelling is a natural way for young children to learn new
vocabulary and has proven to be effective in a situationwhere
parents or teachers read a story [10, 44, 45]. T0 served as a
baseline and in between T1 and T2, children were read sto-
ries 3 times including exercises (E1-E3). Learning outcomes,
engagement and enjoyment of language learning exercises
with a (social or neutral) robot were compared to the same
exercises with a tablet. We hypothesized that a humanoid
robot will lead to higher learning outcomes (H1) and higher
enjoyment and engagement (H2) in language learning exer-
cises than a tablet. Perceived humanness was included in
this study as potential mediator (H3) in between embodi-
ment of the device and learning outcomes, engagement and
enjoyment. As an additional exploration, the effect of behav-
ioral style of the robot on learning outcomes (RQ1) was
analyzed.

The following section provides a detailed description
of the experimental design, protocols, experimental con-
ditions and collected measures of learning outcomes and
subjective assessments of engagement, enjoyment and per-
ceived humanity. Thereafter, we describe the results of
our hypotheses testing analyses, enhanced with exploratory
analyses to gain further insights regarding the factors
that influence learning outcomes in this context. At last,
results are discussed in light of existing literature, dis-
cussing also the limitations and implications of the present
study.

2 Material andMethods

The following sub-sections describe the details of the evalu-
ated sample, including relevant demographic and experimen-
tal variables and how they were measured and calculated, as
well as the technical and logistic details of the study protocol.
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2.1 Participants and Design

All participants were Dutch primary-school children aged
between 4 and 6 (N � 63, Mage � 5.45 years, SD � 0.68,
39 boys) who participated voluntarily after having received
active consent from their parents. Teachers of all four classes
participating in this experiment provided lists with demo-
graphic and other variables that were important to control
for (i.e., birth date, gender, parents’ background, whether
children were raised monolingual or bilingual). 84.1% of
children has parents with a migration background and 57.1%
of children is bi- or multilingual.

Moreover, teachers gave a score between 1 and 4 for
both receptive and productive vocabulary level of each child.
From the latter, a new variable was calculated based on
the mean outcomes of these two variables, named language
level (MLangProf � 2.40, SD � 0.60, with a score of 2 con-
sidered as average performance). Hence, we controlled for
language level (receptive vocabulary, productive vocabulary,
and the mean of these two) between all conditions at the start
of the experiment. Furthermore, the baseline measurement
(T0) assessed whether a child had an initial knowledge level
beyond or below the mean T0. Participants were recruited in
four classes on two primary schools in the Netherlands.

Within each class, children were randomly assigned in
a mixed factorial design with device (tablet, N � 20, robot;
social,N �23, neutral,N �20) as a between factor and learn-
ing outcomes (T0: baseline, T1: immediate and T2: delayed
post-test scores) as a within factor. During the experiment,
a tablet or robot read three interactive story exercises with
the individual participants (E1: first, E2: second, and E3:
third exercise session). The baseline measurement (T0) was
taken 1 week before the first tutoring exercise (E1) to con-
trol for prior knowledge related to their individual linguistic
skill. The immediate test (T1) was taken directly after E3 and
the delayed post-test (T2) was taken 2 weeks after the final
story-telling session measuring how many words lingered.
Over the course of three weeks, each child had three tutoring
sessions, once a week, with either the robot or a tablet in
similar ways (Fig. 1). Testing was done either for differences
between devices (i.e., robot vs. tablet) or differences between
robot’s behavioral style (i.e., social vs. neutral). Learning
outcomes, engagement and enjoyment were the dependent
variables. Perceived humanness was included as a potential
mediator.

2.2 Materials and Procedures

The following sections provide details regarding the tech-
nical specifications and procedures employed for the dif-
ferent experimental conditions, both in terms of device
(robot/tablet) and device behavior (social, neutral, or tablet).

2.2.1 Robot versus Tablet Conditions

We used a SoftBank NAO robot, 58 cm tall humanoid [25]
with Choregraphe 2.4.1. software, which is often used in
empirical research and practice [7]. In the tablet condition,
an iPad 2 was used with a custom-made web application that
was running on Safari. Both conditions were made as com-
parable as possible. Both the robot condition and the tablet
condition made use of the same voice, i.e., the standard voice
of robot NAO with speed adjusted in Choregraphe to 80%.
The feedback options were also the same for both conditions,
as were the images used during the learning tasks. However,
responses were adjusted to the relevant device, e.g., the tablet
asked to click on the right picture and the robot asked to point
out the right picture.

To minimize possible novelty effects, children had an
extensive introduction to the robot [8]. This allowed chil-
dren to get comfortable with the robot. Such an extensive
introduction was not deemed necessary for the tablet condi-
tion, considering that tablets, smart-phones and comparable
devices are frequently used by children this age-group in
most households and educational settings in The Nether-
lands. Thus, we did not expect the tablet to elicit particularly
strong novelty effects, especially in contrast to the robots.
Experimental exercises with the robot/tablet took place in a
separate small room at school. Children were invited one by
one from the classroom during the day to have a one-on-one
tutoring session. An experimenter was always present in the
room, placed behind the child so as not to distract it (Fig. 2).

2.2.2 Robot Behaving Socially or Neutral

Both the social and neutral robot were task-oriented and
not programmed in a personalized way (i.e., not adapting
to the participant’s skills). Given the mixed results regard-
ing robots’ behavioral style [7], this study programmed the
robot’s social behavior without gestures or movements dur-
ing the task and focused on social behavior in dialogue. The
social robot welcomed the participant by introducing itself
and asking for the participant’s name, which it used a num-
ber of times throughout. The social robot also reacted to
other social cues from the participant such as limited ges-
tures (waving), looking at the participant, but not following
eye movements. After the entire exercise, the social robot
thanked the child for reading a story together and said "Good-
bye". The neutral robot was strictly task-oriented and did
not use any social cues. Three feedback options were pro-
grammed in the robot ("correct", "false", "try again") as a
response to the child’s answer (see ‘target words’).

Automatic Speech Recognition of today’s robots is not
yet sufficiently developed, specifically not for young chil-
dren [7]. Therefore, a Wizard of Oz (WOz) technique was
complemented to the ASR to minimize errors and simplify
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Fig. 1 Visualization of
experimental protocol. Note.
Interactive storytelling sessions
(E1, E2, E3) were held once a
week. Learning outcomes were
measured at Baseline (T0),
Immediately after last exercise
session (T1), and 2 weeks after
the last exercise session (T2)

Fig. 2 Visualization of
experimental setting for robot
(L) and tablet (R) condition.
Note. Left: Schematic overview
of the setting during exercises in
the robot condition. Right:
Schematic overview of the
setting during exercises in the
tablet condition

programming. To ensure that the use of the WOz tech-
nique was as inconspicuous as possible, an experimenter was
always present in the room behind the child to observe the
interaction on both robot and tablet conditions (Fig. 2). This
allowed us to avoid discrepancies in the session environment
between robot and tablet conditions that might influence the
child performance or perception of the robot/tablet, such as
realizing that the device is controlled by the present experi-
menter.

2.2.3 Tablet Condition

The procedure for the tablet conditionwas largely the same as
the robot condition. However, the tablet could not introduce
itself, but asked for the child’s name. Furthermore, the tablet
asked the participant to click on the correct picture on the
screen, instead of pointing at it on a physical sheet (Fig. 2).
In order to prevent possible disappointment of the children
in the tablet condition, because they did not get to play with
the robot, these children got the opportunity to read a short
story with the robot and ask the robot questions afterwards.

2.3 Word Learning through Storytelling

The following subsections describe the details of the interac-
tive story exercise sessions, and how are they implemented
in the different experimental conditions defined for the study.

2.3.1 Stories

Target words were explicitly taught whilst the social robot or
tablet was telling a story. Three stories, one for each tutor-
ing session, were selected based on the children’s age (4–6)
and average language level after consulting pedagogues and
experts in language development of children in this age cate-
gory. The three original stories were adjusted to fit the target
words. The average duration of the stories, including all three
feedback options for every target word, was 10 min and 31 s.

2.3.2 Target Words

Target words and the receptive vocabulary task (i.e., choos-
ing the matching image for each target word) are based on
the Peabody Picture Vocabulary Test Fourth Edition [19].
Prior to the experiment, the robot’s speech technology and
appropriate difficulty level of target words for the age group
was pilot tested (N � 5). Based on the outcomes of this pilot
some words were adjusted.

At fixed points during the storytelling, the participants
were asked to match images with the target words. In both
robot conditions, these images were printed on a plasticized
colored sheet standing on the left side of the child (Fig. 2).
Each sheet presented four images fromwhich the child had to
choose the correct one. The other three imageswere related to
the target word (i.e., in the same category) but not correct. For
example, for the target word’ambulance’, three other images
of vehicles (e.g., a van, a camper, and a fire truck) were pre-
sented alongside the image of the ambulance. In total there
were 20 target words, and one word that was used during the
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explanation of the exercise. Target words that were covered
in previous exercises were incorporated in the text of the fol-
lowing story-telling exercise. Thus, children repeated words
from previous sessions in the new session in order for them
to remember the target words better. These words were also
included in the productive vocabulary test the participants
took after each exercise.

Each target word was used in the context of the story first,
after which the robot or tablet would repeat the word and
ask to point to or click on the matching image. When the
child chose the correct image, the device complimented their
effort and described the target word as shown on the picture,
and asked the child to repeat the word. If the first attempt
was not correct, the device would ask to try again and repeat
the question. If it picked the right picture the second time,
the device complimented the child in the same way as was
described above. If not, the robot/tablet would describe the
right picture and ask to repeat the target word.

2.4 Measures

The following sections describes the different measures
employed in the study.

2.4.1 Learning Performance

Learning outcomes were measured by the vocabulary tests
with the 20 target words. These tests were based on CELF-
tests [50], focused at productive vocabulary and measured if
children’s productive vocabulary had been expanded after the
language learning exercises. When answers were incorrect,
the child was encouraged to further try 2 times (see ‘target
words’). Two points were scored if the child got the word
correct at first attempt, one point if correct at second attempt,
and zero points if it failed.

At the first storytelling exercise (E1), the task contained
seven target words, thus resulting in a scoring range between
0 and 14 points. Each session tested new words, as well as
repeating the words exercised during the previous session(s).
The second storytelling exercise (E2) thus contained six addi-
tional target words and could score between 0 and 26 points.
The last exercise (E3) added seven target words, thus a score
range between 0 and 40 points.

Thus, for the baseline test (T0), the immediate post-test
(T1) and the delayed post-test (T2), the minimum score was
0 points (in case they knew none of the twenty target words)
and themaximumscorewas40points (if theyknewall twenty
target words). At T0, how many of the 20 target words the
children already knewbeforehandwas recorded. The delayed
post-test (T2) measured how many target words practiced
during the exercises lingered over time. After each exercise
(E1, E2, and E3), an immediate post-test was conducted for
the six or seven target words of the specific week and target

words of the prior weeks. Thus, T1 (’immediate post-test’)
was calculated by the sum of points for the target words at
the last storytelling exercise, which included all target words
used in the previous exercises as well as the new ones (i.e.,
E1-E3).

In sum, the dependent variable ‘learning outcome’ was
measured through the scores (0–40 points) on three different
time points; the baseline test (T0), immediate post-test (T1),
and delayed post-test (T2). In repeated measures ANOVA
analyses, these time-based scores were included as within
variables. To pinpoint differences, t-tests or Wilcoxon tests
were used. All cases of significance were determined at the
α � 0.05 level.

2.4.2 Enjoyment, Engagement, and Perceived Humanness

The dependent variables enjoyment and engagement with the
interactive storytelling exercise weremeasured at each story-
telling session (i.e., at E1, E2, and E3), obtained through
self-report and observation. Perceived humanness of the
device was measured only at the last tutoring session through
a questionnaire. This way, children had time to get used to
the device and form an impression of its ‘humanness’.

Engagement and enjoyment were partially determined
through an observation scheme the researchers filled out dur-
ing the exercise and partially through questionnaires that
included self-report items. To ensure inter-rater reliability,
the experimenters both completed the observation forms for
35% of the cases in the first week. Krippendorff’s alpha
was>0.8 for all items, except for one item on the enjoy-
ment scale (“fun”, a � 0.71). This was due to the lack of
deviation among the given scores (i.e., only scores 1, 2, or
3 were given on this item, not 4). This causes an error in
the Krippendorff’s alpha calculation, therefore an agreement
percentage for “fun” was determined. In 87.5% of the cases,
the experimenters agreed on the score of this item. Further-
more, experimenters discussed the specific definition of this
item before continuing data collection.

Engagement was originally scored on a 12-item observa-
tion schemeduringE1,E2 andE3, but to improve consistency
and reliability of the scheme, one itemwas removed from the
variable (N � 11, Cronbach’s αE1 � 0.82, αE2 � 0.83, αE3

� 0.80). The items in this scale were based on prior tasks
related to child-robot interaction observation schemes [6, 38,
52], literature and experiences during the pilot tests. Obser-
vational items were, for example, if the child was focused
on the robot and concentrated on the task. The observations
were measured on 4-point Likert scales (1 � not at all, 4 �
very much).

Enjoyment was scored through a 7-item scheme during
E1, E2 and E3, with both observational and self-report items
(N � 7, Cronbach’s αE1 � 0.76, αE2 � 0.81, αE3 � 0.78).
These items were based on literature and existing measure-
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ment scales for enjoyment [17, 24, 46, 52]. Enjoyment of
children is difficult to measure, because of the so-called yes-
bias, referring to the tendency to answer “yes” to closed
questions [47]. In trying to bypass young children’s yes-bias
and limit socially desirable answers, we decided to measure
enjoyment not only by asking the children how they liked the
stories, exercises and interactions, but also by observing them
during the interaction. Thus, enjoyment was measured by 4
items in the observation scheme and 3 self-report items asked
during the evaluation of the exercise. Furthermore, these self-
report questions were asked as two-part questions, in which
the child first had to indicate whether they liked it or not.
Thereafter, the child could give an indication of how much
they (dis)liked it (“Did you like the story or not?”, then, “How
much?”). Both the observations and the evaluation questions
were measured on 4-point Likert scales (1 � not at all,4 �
verymuch). Four-point scaleswere advised for this age group
by experts (e.g., preschool teachers and pedagogues).

Measuring perceived humanness was based on prior liter-
ature and scalesmeasuring anthropomorphism and perceived
humanness [5], Duffy [20], [33]. It was originally scored on a
7-item scheme with both observational and self-report items,
but to improve reliability, one item was removed (N � 6,
Cronbach’s α � 0.81). Perceived humanness was measured
through an oral questionnaire, tailored for this age group,
only administered at the last storytelling exercise (E3). The
questionnairemeasured towhat extent the children perceived
the device they used during the storybook reading exercise
as humanlike, on 4-point Likert-type scales (1 � not at all; 4
� very much).

The observation schemes and questionnaires (Translated
fromDutch) employed to collect thesemeasures are available
in the online Supplementary materials (OSF Repository).

3 Results

We describe our findings in terms of preliminary analyses
as an initial exploration and processing of raw data, fol-
lowed by the statistical hypotheses testing and a finals section
describing exploratory analysis further investigating possi-
ble interactions between the different evaluated variables and
their effect on learning outcomes and subjective measures of
engagement, enjoyment and perceived humanness.

3.1 Preliminary Analysis

Preliminary analyses consisted of the identification and
removal of outliers, a characterization of the studies sam-
ple and an preliminary analysis of the correlations between
variables.

3.1.1 Outliers

Initially, 68 children started this experiment, but 1 child did
not complete the three weeks due to absence. Outliers were
identified based on their learning outcomes at any of the
measurement time-points. To avoid random data elimination,
rejection criteria were set in place. There was omission if a
participant scored in the lowest or highest 5th percentile for 3
categories: baseline T0, immediate post-test T1, or delayed
post-test T2 (2 weeks after last session). For T0, it meant
rejection of values of 3 or lower and values of 33 or higher.
For T1, rejection of values of 10 or lower and of 39 and
higher. Lastly, for T2, rejection of values of 7 or lower and of
39 and higher. Based on these criteria, 4 children were omit-
ted from the data due to extremely low or high scores at any
of the time-points where learning outcome were measured,
which were not representative to the task. For 3 participants
all criteria were applicable with 2 participants scoring in the
lowest 5th percentile, and one in the highest 5th. One other
child was omitted who scored higher than the criterion in the
baseline measurement (baseline score� 4), but proceeded to
score lower than the baseline in the immediate and delayed
post-test (immediate test score � 2, delayed test score � 2).

Further underpinning this decision, some children were
still really young and their language level may simply not be
sufficient to comprehend the task and stories. The 3 children
who had the extremely low scores were aged only 4.5 years
(averaged), whereas the childwho scored extremely highwas
aged 6.3 years. For the latter, the task was possibly too easy
and the child had little to gain from the task at this stage
of language development, further confirmed by the teachers’
scoring of language level. In contrast, the 3 outlier children at
the low end, each had below average receptive and productive
language levels (score 1).

3.1.2 Descriptive Statistics and Correlations

In all, 63 children participated, aged between 4 and 6 (mean
age of 5.45 years (Mage in months � 65.44, SD � 8.17); 39
boys (61.9%); 24 girls (38.1%)). A full overview of means
and standard deviations can be found in Table S1. Most 53,
children had parents from a non-western migration back-
ground (84.1%) and 10 had parents from aDutch background
(15.9%). There were 36 bilingual or multilingual children
(57.1%) and 27 monolingual children (42.9%).

To checkwhether the participantswere randomly assigned
to the experimental conditions, a Kruskal–Wallis rank sam-
ple test was conducted for different variables (Table S2). No
significant differenceswere found for anyof the demographic
variables and initial language level. Moreover, there were no
significant differences in baseline scores between the tablet
and robot conditions (both behaviors included, t(61) � 0.82,
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p � 0.42). Thus, the participants were randomly assigned to
the conditions.

The mean score of teacher’s evaluation of each child’s
receptive vocabulary level was 2.6 (SD � 0.6) for productive
vocabulary 2.2 (SD � 0.7), with a combined mean of 2.4
(SD � 0.6) for language level. Baseline (T0), mean initial
language level was 16.4 (SD � 8.7). The first exercise (E1)
resulted in seven known target words (M � 7.03, SD � 4.8),
the second exercise (E2) resulted in M � 15.1 words (SD
� 6.4). The immediate post-test (T1, obtained at E3) had a
mean of 27.1 words (SD � 9.0). Delayed post-test scores
(T2) were M � 26.1 (SD � 9.6).

Engagement over all three measurement times (E1, E2,
E3) wasM � 3.0 (SD � 0.4) and enjoyment scoredM � 3.0
(SD � 0.5). Perceived humanness overall was M � 2.8 (SD
� 0.7) and children liked the stories with M � 3.4 (SD �
0.6).

Correlations between all demographic variables, initial
learning level, perceived humanness and the dependent vari-
ables in this study are reported in Table 1. Language level
(scored by the teachers) and T0 both indicate the children’s
initial language level and correlate significantly (r(63) �
0.51, p <0.001). Conversely, language level did not appear to
correlate significantly with neither themigration background
of the child’s parents (r � −0.17, p >0.05) nor with whether
they were mono-, bi-, or multilingual (r � −0.07, p >0.05).

Furthermore, there is a significant, but not strong, nega-
tive correlation between background and baseline (T0) scores
(r(63) � −0.30, p � 0.02) indicating a consistently lower
score for children from migrant backgrounds. Perceived
humanness correlates stronglywith enjoyment (r(63)� 0.71,
p <0.001) and engagement and enjoyment also significantly
correlate (r(63) � 0.52, p <0.001).

3.2 Testing Hypotheses

3.2.1 Testing Hypothesis 1: Effect of Embodiment
on Learning Outcomes

To test H1, children who read stories with the robot remem-
ber more target words than children who used a tablet, a
2 (device)×3 (time of testing: T0-T2) repeated measures
mixed ANOVAwas applied. Greenhouse–Geisser correction
was applied because the assumption of sphericity was vio-
lated (W � 0.67, p <0.001, GGe � 0.75). Levene’s test
revealed the assumption of equality of variances was not
violated. Not all groups were normally distributed, but the
repeated measures ANOVA is robust for this violation [64].

The effect of time on learning outcomes was significant
(F(2, 122) � 289.30, p <0.001, ηp2 � 0.23), indicating the
learning task was successful (Fig. 3). There is no significant
main effect of device (F(2, 61)� 2.81, p� 0.14, ηp2 � 0.03),
however, there is a significant interaction effect between time

of testing and device (F(2, 122) � 4.05, p � 0.03, ηp2 �
0.004). Children learned more with the robot over time, from
the baseline to the delayed post-test, compared to the tablet
(see Suppl. Mats., ‘Extended analyses H1’ for an in-depth
analysis), supporting H1. To test for differences between the
robot behavior types (RQ1), a 2 (robot behaving socially
versus neutrally)×3 (time of testing: T0-T2)mixedANOVA
was conducted, applying a Greenhouse–Geisser correction.
Results yielded no significant interaction effect of time and
device (F(2, 82) � 0.15, p � 0.79, ηp2 <0.001), but the
effect over time was again significant (F(2, 82) � 204.67, p
<0.001, ηp2 � 0.27). Thus, answering RQ1, children did not
learn significantly more with either the socially or neutrally
behaving robot (see Suppl. Mats., Figure S1).

3.2.2 Testing Hypothesis 2: Effect of Embodiment
on Engagement and Enjoyment

To test if engagement and enjoyment were higher with a
robot than a tablet (H2), a MANOVA was conducted due to
the relatively strong correlation between these two dependent
variables (r(63)�0.52). For this analysis,we includeddevice
(robot, tablet) as between-subjects factor and time (T0, T1,
T2) as within-subjects factor, with engagement and enjoy-
ment of the device during interactive storytelling at E1, E2
and E3 as dependent variables. The assumptions of spheric-
ity and homogeneity of variance were not violated and data
were not normally distributed. Results showed a significant
main effect of device (F(1, 61) � 36.15, p � <0.001, η2 �
0.37), no interaction, showing that engagement and enjoy-
ment were higher with the robot at each measurement time
(Figs. 4 and 5). Furthermore, engagement was a significant
predictor of immediate learning outcomes (see Suppl. Mats.,
‘Extended analyses H2’).

To test for differences between the two behavior types of
the robot (i.e., social versus neutral), amixedMANOVAwith
the independent variable ‘robot types’ was conducted and
dependent variables engagement and enjoyment, repeated
for each measurement time-point. Neither the assumption
of sphericity nor the equality of variances was violated and
data were not normally distributed. Results did not show
significant main effects of time or device, nor an interaction
effect between time and device. This means children did not
engage more in exercising with a social robot than with a
neutral robot, and did not enjoy exercising with one more
than the other.

3.2.3 Testing Hypothesis 3: Effect of Embodiment
on Perceived Humanness

To test H3, predicting higher perceived humanness for the
robot (social and neutral) than tablet, an ANOVA was
conducted with type of robot (social, neutral, tablet) as
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Fig. 3 Effect of Robot Embodiment on Learning Outcomes. Note.
Children’s mean scores on the vocabulary test with error bars (95%
confidence interval) over time (T0: baseline; T1: immediate post-test;

T2: delayed post-test), organized by the device they exercisedwith (blue
upper line: robot; red lower line: tablet)

independent variable and perceived humanness scores as
dependent variable. Levene’s test showed the assumption of
equal variances was not violated. Results showed a signifi-
cant difference in scores of perceived humanness per device
(F(2, 60) � 19.43, p <0.001, ηp2 � 0.39), indicating the
robot, regardless of behavior, is perceived as more human
than the tablet. Social and neutral robots’ humanness scores
did not significantly differ, thus, behavior of the robot did
not affect its perceived humanness. Furthermore, an addi-
tional mediation analysis revealed that perceived humanness
does not serve as a mediator between device and learning
outcomes (see Suppl. Mats., ‘Extended analyses H3’).

3.2.4 Exploratory Analysis

An additional analysis was conducted to determine whether
or not behavioral style of the robot affected immediate
learning outcomes differently for individual educational dif-
ferences between children (cf. [54]). To determine the initial
educational language advancement, baseline learning out-
come scores (T0) were used as basis to divide the sample
in two groups depending on whether the individual’s base-
line performance was above (N � 22) or below (N � 21)
the average of the group. These two groups were included as
additional factor in the analysis: a 2 (device)×2 (advance-

ment)×2 (time: T0, T1) mixed ANOVAwas conducted. For
this analysis, it was decided to focus only on the immediate
learning outcome effects, both for the sake of simplicity and
because themain objective of this analysiswas to examine the
effect of the robot/tablet on the immediate learning outcomes.

Besides a significant effect for time (F(1, 39) � 265.57, p
<0.001, η2 � 0.87), a significant 3-way interaction for time
* device * advancement effect was found (F(1, 39) � 8.12,
p� 0.007, η2 � 0.17). Furthermore, a marginally significant
device * advancement effect was found (F(1, 39)� 2.74, p�
0.11, η2 � 0.07). After post-hoc testing, children below aver-
age language advancement level, exercising with the robot,
showed to learn more than children with above average lan-
guage level, also exercising with the robot (see Fig. 6; also
Suppl. Mats., ‘Exploratory analyses’).

4 Discussion

In this study, children were taught new words with a digital
tutor, either a robot or a tablet. We tested whether robot
tutoring had a more positive effect than tablets on learning
outcomes, enjoyment and engagement in (second) language
learning with young children, primarily from a migration
background. Both devices proved to be adequate tutors as
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Fig. 4 Effect of Robot Embodiment on Engagement. Note. Children’s mean engagement during exercises with error bars (95% confidence interval)
over time (E1: first; E2: second; E3: third story-telling exercise), organized by the device they exercised with (blue upper line: robot; red lower line:
tablet)

all children improved significantly over time and learned
more words. Supporting our assumptions, children who had
trained with the robot showed a greater increase in learning
outcomes from the baseline test (T0) to the delayed post-test
(T2), obtained two weeks after the story-telling exercise.
Furthermore, we hypothesized that children would engage
more with the robot than the tablet during the story-telling
and enjoy the exercises better, which they did. Learning
outcomes were also predicted by engagement scores, mean-
ing higher engagement scores stimulated higher learning
outcomes. Moreover, children perceived more humanness in
the robot than in the tablet. Finally, results showed that the
robot’s behavioral style did not make a difference overall,
that is, whether a robot behaved more socially versus more
neutral, just task-oriented, did not affect language learning.
However, the behavioral style of the robot did affect children
differently according to individual language advancement
levels. Children whose word knowledge was below-average
starting the experiment, had more to gain from the social
behavior of the robot, considerably more than children
whose skills were above average and trained with the same
socially behaving robot.

To our knowledge, this is the first research in (second) lan-
guage learning that compares a semi-autonomous embodied
robot tutor interacting directly with the learner, without a

tablet, to a tablet-only condition. This is an important addi-
tion to the body of research thus far, because previous studies
combined the robot with a tablet to overcome limitations in
ASR.This hindered the potential advantage of robot tutors for
seemingly ‘face-to-face’ interaction. By testing a robot tutor
directly interacting with the learner, we gain better insight
in the effectiveness of the social robot in comparison to a
different technical tutor, the tablet. Our study demonstrated
effectiveness of the social robot over time. However, training
with the robot, compared to the tablet, did not significantly
increase learning outcomes from the baseline (T0) to the
immediate post-test (T1), obtained right after the last tutor-
ing session, but was significant at the delayed post-test, 2
weeks later. The relatively large standard deviations make it
difficult to reach significance aswould bewithmore homoge-
neous groups. Our findings are partially in line with previous
research, where effectiveness of a social robot in second lan-
guage learning was shown to be positive [7], although no
differences were found in comparison to a tablet [8]. The
lack of finding differences thus far was attributed to the robot
interacting with the learner via a tablet rather than in direct
one-on-one interaction. This is therefore an important con-
tribution of our research, resulting in stronger and lasting
effects of language tutoring by a robot over a tablet. Our
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Fig. 5 Effect of Robot Embodiment on Enjoyment. Note. Children’s mean enjoyment during exercising with error bars (95% confidence interval)
over time (E1: first; E2: second; E3: third story-telling exercise), organized by the device they exercised with (blue upper line: robot; red lower line:
tablet)

Fig. 6 The Effect of Robot’s behavioral style on learning outcomes
based on individual language advancement level. Note. Mean learn-
ing outcomes on the language test per advancement group, organized
by the robot’s behavior (i.e., social or neutral), over time (T0: base-

line; T1: immediate post-test). Color of bars indicate educational ability
level, according to their baseline test scores (dark:’above average’;
light:’below average’)

results suggest that, over time, children indeed learn more
with a robot than a tablet.

Furthermore, the robot significantly increased engage-
ment and enjoyment, and engagement positively affected
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learning outcomes. Konishi et al. [35] already stated that
interactive environments in which children are engaged,
opportunity is created for second language learning and Bel-
paeme et al. [7] argue that exercising with a robot does just
that. In line with previous studies [2, 49, 56], children who
trained with a robot engaged more in exercising and enjoyed
it better. The distracting nature of the tablet when combined
for interaction with the robot (as in [8], might also lower
engagement in the task.Moreover, trainingwith a robotmight
be more captivating, attention-grabbing and lively than train-
ing with a tablet, which cannot move nor look at you, and
therefore could be perceived as more monotonous and less
interesting and enjoyable.

The children in our study perceived the robot as more
human than a tablet, which aligns with the notion that robots’
humanlike features elicit anthropomorphization [18]. How-
ever, in our study, perceived humanness did not predict
learning outcomes, in contrast to the findings of Van den
Berghe et al. [9], whereas perceived humanness affected
engagement and enjoyment positively. This is in line with
previous research [53]. While perceived humanness and
embodiment (i.e., the use of a robot vs. tablet) both predicted
engagement and enjoyment, perceived humanness did not
mediate the effect between embodiment and engagement,
but did partially mediate the effect between embodiment and
enjoyment. Thus, in this study, higher enjoyment in a task can
be partially explained by a greater perceived humanness of
the device used for the storytelling exercise. This adds to pre-
vious research by explaining why enjoyment is higher with a
robot [51, 57]. Seemingly, the degree to which children per-
ceived the robot or tablet to be human affected enjoyment,
and effectiveness of the robot can be partially explained by its
perceived humanness. The high perceived humanness of the
robot, alongside its high engagement and enjoyment, thereby
creates potential to take up the role of tutor for learning tasks.

The robot was programmed in either a more social or neu-
tral way, but behavioral style of the robot did not affect how
many words a child learned overall. Furthermore, whether
the robot behaved socially or neutrally did not affect how
engaged a child was in working with the robot and howmuch
they enjoyed it. It also did not affect how humanlike they
perceived it to be. This lack of different effects of the social
versus neutral robot is not a novel finding, mixed results were
reported earlier for differently behaving robots in (second)
language learning [7]. Using educational ability as a possi-
ble explanation to the differential effectiveness of behaviors,
Konijn and Hoorn [32] found that in math tutoring the neu-
tral robot was more effective overall, as the social behavior
of the robot was perhaps too distracting during such a high-
concentration mathematical task. Contrary to those findings,
our findings are partially in line with those of Hein and
Nathan-Roberts [28], as they support the idea that a socially

behaving robot is more successful for language learning, but
primarily for less advanced children.

A marginally significant result showed that children who
were beyond average in language abilities had more to
gain from the neutrally behaving robot than the socially
behaving robot. Possibly, above-average children are more
task-focused, here learning new words, and the social robot
might have distracted them. This study thus showed that indi-
vidual differences matter in choosing the behavioral style of
the robot. The earlier mixed results of the effect of the robot’s
behavioral style on learning outcomes [7]might be explained
through such individual differences and by differences in
learning tasks. There seems to be a mechanism that for social
tasks, like learning a language, below-average children can
benefit from a social style of the robot while above-average
children cannot [28]. Whereas for more task-focused learn-
ing processes, like math, this mechanism is reversed [32].
Perhaps social behavior matters most for under-achieving
students as they requiremore support in their learning process
and in language learning, social behavior might be support-
ive. Itwouldmake sense that social robots “shine” on learning
socially relevant skills (such as language), but has less of
an effect for purely logical/abstract skills. These findings
are certainly very interesting, and future research involving
more socially or neutrally behaving robots should take ini-
tial knowledge level into account aswell as compare different
tasks, which might clarify the differential effects of behavior
of a social robot on learning outcomes.

Interestingly, a trend emerged for a decrease in learning
outcomes from the immediate (T1) to the delayed (T2) post-
test. Children who trained with the tablet seemed to have
forgotten more words in the time between the last tutoring
session and the post-test two weeks later than children who
trained with the robot. These results suggest training with a
robot possibly enhances retention of knowledge. While this
trend was not a significant result, it nonetheless provides an
interesting angle of approach for future research.

Furthermore, a negative correlation showed that children
who were raised by parents from a (non-western) migration
background scored lower on the baseline test than children
who only speak Dutch. This is in line with the literature and
concerns about bilingual children, and children with parents
from a (non-western) migration background lagging behind
in Dutch language development [29, 40, 41, 55]. In light
of the growing diversity in educational ability levels, cul-
tural backgrounds, and socioeconomic status in classrooms,
the number of children who start primary school with a
language disadvantage will only increase. Particularly these
children stand tobenefit fromone-on-one tutoring.Embodied
robots are good candidates to provide such individual tutor-
ing, something that is currently not achievable for human
teachers. Thus, embodied robots carry potential to reduce
individual differences and disadvantages.
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4.1 Limitations and Considerations

For this type of research, the sample size is quite large. How-
ever, for the study’s power, the small sizes per group in the
more complicated statistical analyses are relatively low (i.e.,
the three-way interactions and split for behavioral style).
Moreover, the variance in the test scores appears rather large,
which challenges to obtain significance through frequentist
statistical testing. Larger sample sizes are hard to obtain in
field research involving participants of such a young age,
especially when it requires one-to-one interaction in indi-
vidual sessions. To reach solid conclusions about whether an
embodied robot is more suitable for (second) language learn-
ing than a tablet, and what possible social behavior works
better, additional data collection is needed.

Due to time constraints, children practiced with the robot
or tablet 3 times and could not rehearse over a longer time
period. Randall [53] recommends that in robot language
learning, studies of the effects be at least eight sessions long.
Any possible differences will then emerge clearer and make
the results more conclusive. Furthermore, in order to imple-
ment a fully autonomous social robot into a classroom, the
robot should have more technical sophistication. This will
also be important to draw a clear distinction between a more
social (e.g., speech supportive) and neutral robot.

Furthermore, there were a few outliers (excluded from
analyses, see 3.1.1). Because the children were of different
ages, some of whom were still really young, their language
level may simply not be sufficient to fully comprehend the
task and stories. The children with remarkably low scores
had a mean age of 4.5 years. The child with the highest score
was aged 6.3 years. The task was possibly below level for
this child, as this child was in a further stage of language
development in comparison to the other participants. This
was further confirmed by the language level as scored by
their teachers.

In general, robots seem to be effective teaching tools to
support human teachers. However, when a robot is actually
implemented in educational practice, there will be peda-
gogical and societal implications involved. Reich-Stiebert
and Eyssel [54] captured teacher’s concerns and attitudes
towards social robots in education. Furthermore, there is still
a great deal to unravel before implementing robots in the
classroom. Which behavioral style and teaching role (tutor,
tutee, peer [16], works best for which task? This research
shows that robots can be better tutors than tablets for (sec-
ond) language learning over time, however, conclusiveness
and clarity about the added value of robot’s physical embod-
iment in comparison to other agents needs further study.
Importantly, the disadvantages of use of robots in educa-
tion need not be overlooked, especially for such a young
target audience. Tolksdorf et al. [67] mapped ethical con-
cerns of applying robots in Kindergarten settings and thereby

emphasize, among other aspects, the vulnerability of chil-
dren as a group and the role of stakeholders (i.e., teachers
and caregivers). Smakman et al. [66] systematically analyzed
the moral and ethical considerations of various stakeholder
groups that come with the implementation of robot tutors
in education. They compared stakeholders’ concerns related
to the values of friendship and attachment, human contact,
privacy, safety, and so on. Concerns need to be extensively
researched if robots are to be implemented in (second) lan-
guage learning.

4.2 Conclusions

In all, this research demonstrated effectiveness of a social
robot over a tablet over time, but not significantly on imme-
diate learning outcomes. Though both robot and tablet
increased word knowledge significantly, robots proved to be
more successful than tablets in tutoring over a larger period
of time as well as robots being more joyful, engaging and
human-like, thereby supporting the learning task. Specifi-
cally, our results revealed improved learning outcomes when
training with a social robot over time, in contrast to a tablet.
Similarly, our results indicate that children who trained with
a robot were more engaged in the learning task, and found it
more enjoyable. Interestingly, virtually no differences were
observed in any of themeasures in terms of the robot’s behav-
ioral style (social or neutral). However, this (lack of) effect
appears to be obfuscated by the educational ability of the
child, such that children below average Dutch language abil-
ity, were able to learn more from a robot than children with
above average Dutch language level interacting with a robot.
While social robots need sophistication before being imple-
mented in schools, our study shows the potential of social
robots as tutors in (second) language learning.

This study provided a valuable addition to previous
research in studying child-robot interaction, without the use
of an additional tablet, helping to reveal the true effect of
direct one-on-one interaction of social robots in education.
While more steps need to be taken before social robots can
be implemented in primary education, this study shows that
social robot tutors directly addressing the learner has great
potential in (second) language learning.
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