Learning English Words with the Aid of an Autonomous

Care-Receiving Robot in a

Children’s Group Activity

Shizuko Matsuzoe Hideaki Kuzuoka, and Fumihide Tanaka

Abstract—We studied educational support delivered through
a care-receiving robot (CRR) in a children’s group activity
intended to promote the learning of English words by teaching
the robot. Our prior study investigated the feasibility of the
CRR for providing educational support in a situation where
a child played with the robot by him/herself. Our research
uncovered several impactful effects of the CRR for enhancing
childhood education. However, the results were not sufficient
to confirm more practical contributions of the CRR toward
learning. In this paper, we report on a field experiment we
conducted with a group of children at a Japanese kindergarten
aged 5-6 years. Our goal was to verify the feasibility of an
autonomous CRR for facilitating the learning of English words
in an educational setting that closely resembled reality. The
experiment was conducted on a group of roughly seven children
who participated in an animal gesture game with the robot for
four days to learn six English words/names for animals. There
were a total of 15 participants, and we held two experimental
sessions. In order to compare the educational effects between
learning with the aid of the CRR and with an expert robot,
both robots were introduced concurrently into classrooms. The
experimental results showed that the autonomous CRR was
more effective in promoting English vocabulary acquisition
among preschoolers compared to the expert robot.

[. INTRODUCTION

promotes spontaneous learning by allowing children to teach
it what they know. We focused on these advantages and
conducted various field experiments at an English language
school for Japanese children (3—6 years of age). Tanaka
et al. demonstrated that the CRR can help children learn
English verbs in an environment in which the children
interact with the robot on a one-on-one basis [9]. Matsuzoe
et al. investigated whether differences in how smartly robots
behaved affected vocabulary acquisition in young English
language learners; their findings indicated that an appropriate
level of robot intelligence was instrumental in promoting
vocabulary learning among children [10].

From these results, it gradually becomes evident that
weakness or incompleteness demonstrated by a robot has
the potential to enhance children’s learning. Although we
managed to verify the feasibility of the CRR for enhancing
learning in settings where children played with the robot by
themselves, we could not determine the practical utility of
the CRR for children’s educational support. Real educational
situations are not limited to just one-to-one lessons. In the
kindergarten and others, it is often the case that children

In recent years, the use of personal robots in educatiorditend various group activities. Therefore, we have expanded

contexts has been attracting attention, with several studif®
having focused on their use as support tools for learning.

Through our review of the current literature, we identifie

two types of educational support robots. The first assum@% children’s learning.

previous experimental situation to include playing with
e robot and multiple children simultaneously. We also need
0 investigate the effect of the continual use of the robot
In addition, it would be important

the role of the teacher or tutor [1], [2], [3], [4], [5]. Although t© Verify if an autonomous robot can help with childhood
these studies have demonstrated that the robots were eddgducation in a realistic context, such as in a group activity
tionally effective, there were still several concerns regardinfth multiple children.

its effectiveness with younger learners. For example, children ) . )

would often become passive during lessons. Additionally, 10 90 S0, we conducted a field experiment in classrooms
there was the issue of Robot Ethics [6]. Consequently, & & kindergarten in Tsukuba. We introduced an animal

different type of robot was proposed, one that could intera@eSturé game using the robot, and had children attending the
with children on their level, including being able to solvekindergarten participate in the experiment. We preprogramed

problems with them or play games. A care-receiving robdt" @utonomous CRR to play the animal gesture game by

(CRR) [7], [8] is a typical example of this second type. iiallowing children to teach. it the correct gestures..This
is designed to exhibit weak or incomplete behaviors in fronf/éakness type robot was introduced concurrently with an
of children. If the robot answers a question incorrectly, th€<Pert type (which knew all the correct gestures from the
children can teach it the correct response. Thus, the CRRR') to compare their educational impact.
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Fig. 2. Experimental field/setting

Fig. 1. Concept of care-receiving robot for supporting children’s education
(71, [8]
Below is an outline detailing the environments/settings for
the experiment:
« The robot is introduced into a group activity at the
A CRR is a robot that is designed to receivare from kindergarten.
a human user. To achieve this, the robot shows weakness Use of the autonomous CRR.
or incompleteness, such as falling down and answering . Children participate in the experiment with the robot for
questions incorrectly. Fig. 1 shows an example of how to  four days.
use the CRR for children’s educational support. First, the \x.e had children participate in an animal gesture game

teachers/parents assign the children a leaming topic, f@fith the robots to learn English words/names for animals.
example, pertaining to English, math, or manners). The CRRssming that the CRR had similar effects on learning as
then makes a deliberate mistake, thereby prompting furthgfose we had observed in our previous study, the CRR could
instruction by the children. The children’s own spontaneouge expected to facilitate the acquisition of new English words
teaching eventually enhances their learning. in the whole group. Moreover, there was the probability
In our prior study evaluating the feasibility of CRRs forhat the robot could engage children’s interest in the animal
providing educational support, we conducted several ﬁe'ﬁ'esture game. In order to compare the educational effects
experiments in which a child played with the robot facg,enyeen learning with the aid of the CRR and with an

to face on a one-on-one basis. The results suggested tQabert robot, both robots were introduced concurrently into
the deliberate mistakes made by the robot could promotg;ssrooms.

the acquisition of new English words in children. However,
formal learning typically includes multiple children, such asB. Experimental field

in a classroom or group activity. Therefore, our results were 1o experiment was conducted in actual classrooms with

insufficient to determine the full extent of its possibilities for,e cooperation of teachers at a kindergarten in Tsukuba. Fig.
facilitating children’s learning. The next phase of our invess <hows an example of the classrooms in which the field

tigation will need to address the effectiveness of the CRByperiments were conducted. We left toys in each classroom

as an educational support tool within a realistic classroogy,ring the entire experiment and allowed the children to play
setting in which there are multiple children. with them alongside the robots to maintain an environment
that was typical and familiar to them. The robots used in

I[I. CARE-RECEIVING ROBOT (CRR)

lI. A FIELD EXPERIMENT INVOLVING A this experiment were sitting in the center of the room, and
KINDERGARTEN GROUP ACTIVITY an appropriate distance was maintained between them. Two
A. Goals of the experiment camcorders were set up in the corner of the room to record

. o the behaviors of the children and the robots.
Our goal was to verify the feasibility of the CRR as an  There were a total of 15 participants (children 5-6 years of
educational support tool within a learning environment madgge; ten girls and five boys) in the experiments, who regularly
to resemble reality as much as possible. We aimed to answgfoke Japanese. They were divided into two groups, with

the following research questions: which we held two experimental sessions. This experiment
(1) Can the CRR promote children’s acquisition of newwas approved by the Ethical Committee of the University of
English words? Tsukuba. We explained our research goals and experiment to

(2) Can the CRR engage children’s interest in the animdhe parents of the children. We began the experiment after
gesture game? receiving written consent from each parent.



with specific patterns designed for NAO (provided by

Fig. 3.  Direct-teaching: children help NAO step-by-step by guiding its Aldebaran Robotics) that are rotation and scale invari-

hand, and teach it how to gesture an elephant. ant.

o Real-time determination of the animal mimicked using
the robot's motion via children’s direct-teaching; the
autonomous system distinguishes an animal gesture
based on the variation of the joint angles, which move
characteristically with respect to each animal.

We used small animal cards, a tablet PC, and earphones
to conduct the pre/post-tests. Fig. 5 (far-left panel) shows
a photograph of a participant in the pre-test using these
tools. Each participant was able to hear the sound of a native
speaker pronouncing the specific English word/name of the
animal from the tablet PC.

Fig. 4. Equipment used: (left) animal cards with specific landmark . .
(Naomarks); (right) Aldebaran Robotics’ NAO b Experlmental dESIQn
We used the following two types of robots in the experi-
ment:

C. Experimental task and equipment « Expert robot: the robot got all of the animal gestures

In this experiment, we asked the participants to play an  correct from the beginning.
animal gesture game with the robots. When the children « CRR: at the beginning, the robot could not demonstrate
showed an animal card, the robot recognized the animal any animal gesture. When the children had taught it how
illustrated on the card. Then, the robot attempted to make an to gesture for a certain animal, the robot was then able
animal gesture corresponding to the card shown. When the to demonstrate the animal gesture correctly.
robot demonstrated an incorrect gesture, the children Were|n this experiment, we app“ed para”e' Comparison of

able to take the robot by the hand and teach it a gesture ditpert robot and CRR. Our trial experiences had indicated
a stepwise manner (direct-teaching: Fig. 3). If the childrefhat it would be difficult to differentiate whether children

succeeded in teaching the robot the correct animal gestujggre engaged by the robot's novelty or failed attempt at
it would demonstrate the corresponding animal gesture. Sgesturing if we used the CRR alone. Thus, we introduced
animal gestures were targeted in this game: those of a rabl{ese robots concurrently into the classrooms to verify the
elephant, alligator, giraffe, sea gull, and stag beetle. Th&jucational impact of the CRR and the expert type in an
animal cards used for the game are shown in Fig. 4 (fagctual learning environment. We anticipated that children
left panel). These animals were randomly divided into twQyould choose the robot that they wanted to play with based

groups, with consideration for counterbalancing the difficultyyy a comparison between the robots, displaying simple and
level of the English words, which was determined accordingatural choice behaviors.

to their frequency of use by native speakers. Each three-
animal group of words and gestures was assigned to ofe Procedure

robot, so that it could play with the children. Fig. 6 depicts the experimental procedure. Children par-
Aldebaran Robotics’ humanoid robot, NAO, was used foficipated in the animal gesture game for four days. The

this experiment (Fig. 4, far-right panel). We implementedollowing sections detail each stage of the entire procedure.
an autonomous system within its behavioral controls that pre-/Post-test: We conducted pre- and post-tests be-
would enable the NAO to play the animal gesture gamgere and after playing the gesture game to investigate the
The basic specifications of the autonomous robot we usgdgree of participants’ acquisition of new English animal
for the animal gesture game are as follows: words/names. During this stage, each participant played a
« Robust recognition of the animal cards presented by pacard game in which they heard native English pronunciations
ticipants using Naomarks, which are special landmarksf a specific animal word/name and chose a corresponding
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Fig. 6. Procedural flow of the experiment Fig. 7. Pre- and post-test results (with expert robot): each bar represents

the average percentage of test questions answered correctly. we conducted

the Wilcoxon signed-rank test, no significant differences between pre- and

. . . . ost-test scores were found on any day. However, the results revealed a
animal card. The experimenter presented eight cards in Slg?g‘nificant difference between the post-test scores of the first day and pre-

cession to each participant, and gave a response that includest scores of the second da¥([l2) = —2.754, p < 0.01].
the Japanese name of the corresponding animal, such as
“A rabbit is usagi” regardless of whether the participant’s
initial answer had been correct. There were six questions, one
corresponding to each of the target animals for this game. 100%
Instructions for the animal gesture game: This process %’
was implemented on the first day only. The experimentep 80%
gave the participants instructions regarding the six animab .
gestures used for this game, demonstrating how to show-g 60%
card to the robot and teach the robot an animal gesture. Thef,
the experimenter asked the children to show the card an
teach the motion to the robot. S 20%.
Free-play time: Fig. 5 (far-right panel) shows a pho- g
tograph of participants during free-play. The experimente?  0%-
asked the participants to freely play the animal gesture game 1st day 2nd day 3rd day 4th day
among themselves. On the first day only, we switched the
robots among the participants in the middle of their free-play

so that they could experience playing with both robots. We )
Pre- and post-test results (with CRR): each bar represents the

perr_m_ttEd experimenters to prowde mm_lmal aSSIStance to ﬂggérage percentage of test questions answered correctly. The Wilcoxon
participants when they encountered difficulties, such as @ned-rank test was conducted to ascertain if there were significant

inability to show a card well or teach a desired gesture to théfferences between pre- and post-test conditions. The results indicated
- ignificant differences between pre- and post-tests on the firstfi@g] =
robot. If none of the above occurred, the experimenters wefg.ﬁ%’ p < 0.01] and third day £(12) = —1.933, p < 0.05]. On

devoted to watching out for the safety of the participantge second day, the difference between pre- and post-tests was marginally

40%-

( H Pre-test mPost-test J

during their play. significant [Z(12) = —1.823, p = 0.063].
IV. RESULTS

A. Can the CRR promote children's acquisition of new aqgitionally, we conducted a Wilcoxon signed-rank test,

English words? which revealed significant differences between pre- and

Fig. 7 shows the average percentages of pre- and post-tpsst-test scores for the CRR on the first d&(12) =
questions answered correctly for three animal words/name=.625, p < 0.01] and third day £(12) = —1.933, p <
allocated to the expert robot, while Fig. 8 shows thes@.05]. On the second day, the difference between pre-
percentages for the three animal words/names allocatedand post-tests was marginally significantZ((2) =
the CRR. Both scores showed a gradual increase from ord.823, p=0.063). On the other hand, for the expert robot,
day to the next. However, we observed a marked increase significant differences between pre- and post-test scores
in scores between pre- and post-tests on the first day for there found on any day. However, we had not anticipated
CRR. The saturation score of the CRR learning situation wabat there would be a significant difference between post-
also slightly higher than that of the expert robot educationaést scores on only the first day and pre-test scores on the
experience. second £(12) = —2.754, p < 0.01).
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Fig. 9. Ratio of game-relevant participant interactions and other inter-
actions: each color on a bar represents the percentage of game-relevant
participant interactions and other interactions. The Chi-square test conducted
showed that there were significant differences between interactions with thég. 10. Total number of game-relevant participant interactions and others:
expert robot and CRR [first day?(1) = 11.767,p < 0.001; second day: each bar represents the number of participant interactions with each robot
x2(1) = 59.898,p < 0.001; third day: x2(1) = 76.735,p < 0.001; by the day. The expert robot gradually decreases game-relevant participant
fourth day:x2(1) = 63.865, p < 0.001]. interactions from the first to fourth days (red bars). Although game-relevant
interactions decreased once on the second day with the autonomous CRR,
it tended to maintain game-relevant interactions over the four-day period of
our experiment (purple bars).

m Game-relevant (Expert) m Game-relevant (CRR)
m Others (Expert) Others (CRR)

B. Can the CRR engage children’s interest in the animal
gesture game?
V. DISCUSSION AND LIMITATIONS

We conducted a behavioral analysis of the participants’ \yjith regard to the acquisition of new English words,
interactions with each robot during the free-play time. The,e results presented in Section IV-A indicate that the au-
participants’ interactions were divided into two categorieSiynomous CRR was able to increase children’s test scores
the first F:ategory includegame-relevantnteractiqns, such gradually throughout the period of four days. We assume
as showing an animal card to the robot, teaching the robfia; the autonomous CRR in the group activity contributed
how to gesture for an animal, and praising the robot. Wgyyarq reinforcing children’s learning of English animal
categorized other interactions (unrelated to the animal g&girgs/names. Regarding engagement of children’s interest
ture game) adthers such as dressing the robot, hitling, the animal gesture game, we observed that more children
the robot needlessly, and giving the robot irrelevant ObJeCtﬁiayed the animal gesture game with the autonomous CRR
Behavioral video coding was also conducted by a third pary,an with the expert robot throughout the duration of our
according to these categories of behavior. The inter-observg)gperiment_ Therefore, we suggest that the autonomous CRR
reliability calculated from among three independent externaly ;14 also engage participants’ interest more than might the
coders was 0.91. expert robot.

Fig. 9 shows the ratio of game-relevant participant interac- However, we did not expect the marked gap we observed
tions with the robots and other interactions. With the CRRyetween the post-test scores of the first day and pre-test
game-relevant interactions were prompted more frequent§¢tores of the second day. Upon closer inspection, we no-
than were other interactions from the first day to the fourthjced that English animal words/names with low difficulty
We conducted Chi—square tests, and the results showed thﬁfeb very often generated correct answers among our Study
there were significant differences between interactions witharticipants. As we explained earlier, we determined the level
the expert robot and CRR [first day*(1) = 11.767,p <  of difficulty of each word based on its frequency of use
0.001; second dayx*(1) = 59.898,p < 0.001; third day: among native speakers. For that reason, we suppose that
x*(1) = 76.735,p < 0.001; firth day: x*(1) = 63.865,p <  Japanese children also get many opportunities to hear these
0.001]. low difficulty words in daily life as compared to words of a

Fig. 10 focuses on the total number of game-relevartigher level.
participant interactions. We observed that the expert robot This field experiment had several limitations. It should be
gradually decreased game-relevant interactions from the firsvted that a rigorous control experiment was not conducted
day to the fourth. In contrast, although such interactions déatentionally. The actual experimental field, the kindergarten,
creased once on the second day, the autonomous CRR tendedtained many factors/variables that affected children-robot
to maintain these (game-relevant interactions) across all fointeractions, such as friendships between the children, in-
days. Other kinds of interactions occurred as frequently aBvidual differences, and their physical or mental states
or less than 25 times throughout the entire experiment. at the time. We were unable to perform a rigorous con-



trol experiment in relation to these factors because of the

time constraints for the field experiment. Therefore, the

interdependence among these factors and effects of tl'm
order/sequence in which the children participated in the

experiment could not be ascertained, among others.

VI. CONCLUSIONS

In this paper, we described a field experiment we con-
ducted involving a parallel comparison of two autonomousjg)
robots. To verify the feasibility of autonomous CRRs for
facilitating learning in group activities, the experiment was
set in classrooms in an actual kindergarten setting, Wher[éu
children participated in an animal gesture game over four
days with two robots and multiple classmates. We found?]
from the results of our investigation, that the autonomous
CRR successfully engaged the children and promoted the
learning of English animal words/names. Our research on
the effectiveness of CRRs in enhancing childhood educatioff!
could expand to include other practical applications and con 1
texts, such as in activities with smaller or larger groups an
other educational support functions. In this experiment, we
focused on only the wrong/incorrect behaviors of the CRR a
weaknesses. There is the need to explore other effective weak
behaviors of the CRR for facilitating children’s learning in
the future.

(2]
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