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Abstract

Numerous researches have studied the development of robotics, especially socially assistive robots (SAR), including the NAO
robot. This small humanoid robot has a great potential in social assistance. The NAO robot’s features and capabilities, such
as motricity, functionality, and affective capacities, have been studied in various contexts. The principal aim of this study is
to gather every research that has been done using this robot to see how the NAO can be used and what could be its potential
as a SAR. Articles using the NAO in any situation were found searching PSYCHINFO, Computer and Applied Sciences
Complete and ACM Digital Library databases. The main inclusion criterion was that studies had to use the NAO robot.
Studies comparing it with other robots or intervention programs were also included. Articles about technical improvements
were excluded since they did not involve concrete utilisation of the NAO. Also, duplicates and articles with an important
lack of information on sample were excluded. A total of 51 publications (1895 participants) were included in the review. Six
categories were defined: social interactions, affectivity, intervention, assisted teaching, mild cognitive impairment/dementia,
and autism/intellectual disability. A great majority of the findings are positive concerning the NAO robot. Its multimodality
makes it a SAR with potential.

Keywords Socially assistive robot - NAO - Social interactions - Affectivity - Intervention - Assisted teaching - Mild
cognitive impairment - Dementia - Autism - Intellectual disability

1 Introduction

In the last decade, robot’s industry has expanded at an
impressive speed. From the first industrial robot, Unimate,
invented by George Devol in 1954 and commercialised by
him and Joseph Engelberger in 1961, this field of research
has come a long way [1]. We can now see all kinds of robots
emerging, from the athletic robots to the socially assistive
ones. They are all widely used in numerous contexts. Robot-
ics represents a great avenue to contribute to solve prob-
lems, e.g. the engorgement of health care system, developing
specific functions in many populations and stimulation of
cognitive functions in elderly. According to [1], there are
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five robotics generation: Prototypes of Robotic, Robotics
Arms, Walking Robots, Behavior Based Robots and Human-
oid Robots. Currently, we are in the fifth generation of the
development of robotics, namely the Humanoid Robots,
since 1996. Thus, humanoid robots could be named socially
assistive robots (SAR) because of their ability to simulate
empathy by mimicking human gesture and to perceive emo-
tions when programmed [2, 3].

Two main literature review on SARs have been published
in the last few years, both concerning socially assistive robot
for elderly [4, 5]. No literature review on SARs in general
were found. First, [5] categorize the assistive robots for
elderly in two categories, rehabilitation robots (assistive
robotic devices) and socially assistive robots. The rehabili-
tation robots include intelligent wheelchair and exoskele-
tons. The second main category is socially assistive robot,
which is itself divided in two types, namely service type
robots and companion type robots. The service type robots
are used to assist the person in daily activities, like eating,
bathing and getting dressed. The Care-o-bot is an example
of a service type robot [6]. The companion type robots are
used to improve psychological well-being and health. The
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NAO robot would be part of this category, but there is not
much studies concerning its uses until 2012. Furthermore,
these categories are not exclusive; a social robot can be used
in rehabilitation experiences or the other way around. The
authors conclude their review by saying that companion type
robots have proven to be effective in improving mood, lone-
liness and connection with others.

Since there has been numerous studies concerning SAR,
[4] aimed to establish their value in eldercare. Thus, they
described five roles that can be fulfilled by the robot, which
are: (1) affective therapy, (2) cognitive training, (3) social
facilitator, (4) companionship and (5) physiological therapy.
The main findings of this study are that SAR significantly
improved cognitive results, sociability and loneliness in
line with the second, third and fourth roles. However, these
positive effects have not been found in the affective ther-
apy. Indeed, SAR enhances mood, but the improvement is
comparable to a soft toy or a placebo robot, so one might
question the financial benefits of using the robot for this
only purpose. Finally, for the last set, physiological therapy,
studies find positive effects of the robot on blood pressure.
Although, they are hard to interpret because many external
variables could influence the results obtained, like interac-
tion with others or the affective therapy role of the robot
(calming down the participant). Further research is thus
needed to clarify the real impact of the robots.

In this paper, we focus on the studies that exploit one
specific model of humanoid robot, namely the NAO robot
(Fig. 1). It is important to note that the NAO robot was
referred to as the ZORA (Zorg [Health], Ouderen [Elderly
person], Revalidatie [Rehabilitation], Animatie [Animation])
robot in some studies [7]. The ZORA robot is in fact a soft-
ware specifically designed for rehabilitation and elderly care.
The software is combined to the NAO robot and was named
ZORA, but the platform used is the NAO. The NAO (or
ZORA) is a biped robot that is 58 cm tall [8]. Launched in
2006, it has evolved from the first to the most recent version,
namely the sixth one, in 2018 (see [9] for a presentation of
the original design of the robot). It has 25 liberty degrees,
allowing it to move and to adapt to the environment, two 2D
cameras, seven tactile sensors, four directional microphones
and speakers to interact with humans and the environment.
Vocal recognition and dialogue are available in 20 different
languages. Therefore, due to theses characteristics, the NAO
is considered as an appropriate SAR. We decided to con-
centrate our review on this robot for several reasons. First,
it is one of the most popular humanoid robots in the world.
It is widely used in research, education and in healthcare
services. Second, its relatively low price makes it both an
affordable robot and an effective one. Third, the software
used to program the robot, Choregraphe, is easy to use,
which facilitates its usability among professionals who are
not trained in robotics. Finally, since it is a polyvalent robot,
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Fig. 1 Softbank robotics Europe

assembling all the studies using it into one paper provides
an overview of what has been done yet and where we can
go in the future.

The aim of this literature review is to collect every study
that used the NAO robot, no matter the context, into one
paper. To the best of our knowledge, there is no other study
that focuses only on what has been done with this robot
without being limited to a particular population (e.g. the
elderly). This study will thus provide a better understand-
ing of what could be more exploited concerning the NAO
robot’s abilities for future research.

2 Methodology
2.1 Research Strategy

Four databases were exploited: PsychINFO, Computer &
Applied Sciences Complete, ACM Digital Library and
International Journal of Social Robotics. Since the aim of
the present work is to review all the studies using the NAO
robot, no matter the context, the research key words used
were “NAO robot” and “Zora robot”, so that every research
paper mentioning these robots were spotted. Only the studies
written in English were included and there were no restric-
tion concerning publication date. The papers found vary
from 2012 to 2019 probably because the NAO robot was
launched to the public in 2011. Therefore, it seems reason-
able to assume that most clinical studies were published the
next year or later. Also, studies focusing on technical pro-
gress on the robot were excluded, since it does not fulfill
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the purpose of this review. We observed, just as [4] did,
that many studies have only a few participants or are just
exploratory studies. It was decided that studies would not be
excluded based on their methodological quality (e.g. sam-
ple size, lack of control of external variables) because this
field of research is still new. Therefore, there are not many
studies with strong methodology. Although, some studies
lacked important information about the sample like number
of participants, sex or gender, age, and characteristics (e.g.
neurotypical, autism, dementia) and were excluded. In sum-
mary, if the study contained all the methodological informa-
tion, it was included, but if information was missing, it was
excluded.

2.2 Study Selection

The authors filtered the publications in a three-step assess-
ment process based on the work of [4], as showed in Fig. 2.
First, papers found using the key words “NAO robot” or
“ZORA robot” were selected according to their title and
index terms. Second, the abstracts were read to assess if the
NAO was used experimentally in the studies and how (e.g.
as a companion or a therapist assistant). Finally, full texts
were read to evaluate the relevance of the studies with the
purpose of this review. The first author proceeded to the

Fig.2 Schematic review

process 1. Identification

2. Screening

3. Eligibility

4. Included

review of the studies, and it was then validated by the other
authors.

2.2.1 Title and Keyword Assessment

In this first filter, only exclusion criteria were used, since
the title does not always say much about what is said in the
article. There were two exclusion criteria. First, when it was
clear that the article assessed a technical improvement (e.g.,
programming, adding technical devices, improving function-
alities like walking, movement, etc.). Second, the title some-
times clearly announced that the robot involved in the study
was not the NAO. The fact was verified afterwards scanning
the text. This could be explained by the fact that all the stud-
ies mentioning the NAO robot (or ZORA) were found, even
when it was mentioned once in the introduction section or
cited in the paper. In this phase, we were more sensible than
specific to make sure not to exclude relevant papers.

2.2.2 Abstract Assessment

The abstract was then read to evaluate if the study seems to
correspond to the purpose of the study. This phase was also
more sensible than specific, so when in doubt, the study
was selected for the text assessment. Here, exclusion criteria
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were also related to technical improvements and not using
the NAO robot. Also, studies that clearly did not use the
physical robot in an experimental context were excluded
(e.g., virtual robot only, testing technical improvement).
Papers that did not focus on the interaction between the
robot and the human were excluded. For example, studies on
acceptability only were excluded because there are reviews
on the subject (e.g., Conti, Di Nuovo, Buono, & Di Nuovo,
2017). Finally, if the abstract clearly pointed that the sam-
ple did not interact with the robot (e.g., surveys), they were
excluded.

2.2.3 Text Assessment

This filter is meant to be more specific than sensible. There-
fore, only the papers fulfilling the purpose of the present
survey, which is the use of the NAO robot in different con-
texts, were included. Exclusion criteria still included tech-
nical improvement, use of another robot than the NAO and
acceptability only. It was also decided that studies would not
be excluded based on their methodological quality. How-
ever, some papers lacked important information about sam-
ple (gender, age, and context) and were therefore excluded.
Inclusion criteria were use of the NAO in an experimental
setup, interaction between a robot agent and a human agent,
comparison of the NAO with other robots. Studies on both
technical improvements and the effect of these improve-
ments on the interaction were included, but not the one
that only tested the efficacy of the improvements. Finally,
when more than one paper was found regarding the same
study (e.g. congress communication and article on the same
study), the most complete paper, which was usually the most
recent publication, was kept.

2.3 Data Synthesis and Analysis

To synthesize the information found, groups were made
according to the general theme and population with which
the robot was used. These categories were decided retrospec-
tively because they offer the better classification system to
what was presented in the articles. This strategy is based on
the work of [4], who also created subjective categories for
the robot’s use.

3 Results

3.1 Search Results

Initially, 227 papers were found in the different databases
and were selected for the review (see “Appendix” for the full

list). The Fig. 2 represents the schematic review process of
the articles. The final sample of studies that were reviewed
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is composed of 70 publications, all using the NAO robot.
Together, the studies include 2 880 participants.

The studies selected will be presented according to the six
defined categories: social interactions, affectivity, interven-
tion, assisted teaching, mild cognitive impairment/demen-
tia, and autism/intellectual disability. The categories were
identified retrospectively to facilitate the understanding of
the robot’s use.

3.2 Social Interactions

The studies focusing on social interactions in general were
grouped in this category. Those studies (1403 participants)
assess particularly the relationship between the human and
the robot: attitudes of the users toward the robots, social
engagement of the users (e.g. gaze, duration of speech, dis-
tance between robot and user), influence of matching per-
sonalities between human and robot, and general commu-
nication (Table 1).

3.2.1 Attitudes

Eight studies (578 participants) focused on the effect of the
robot on the participants’ attitude. In a Japanese study, two
NAO robots were used in a hotel to inform the guests about
multiple services [9, 10]. The authors wanted to evaluate
how users respond to robot’s different types of verbal inter-
action. In order to do so, they investigated if either direct
or indirect (robot talking to the other robot) speech had the
biggest impact on guests. The direct form of speech was
represented by the robot giving information directly to the
guests, whereas the indirect speech was represented by two
NAO robots sharing information to each other, therefore
giving the information indirectly to the guests. The results
show that direct speech is more attractive to the guests,
while indirect speech enhances human—human interactions.
In another study also investigating the effects of direct or
indirect speech, but this time with product advertising, the
authors did not observe any difference between the two types
of speech for changing the participants’ attitude towards the
advertised product [11]. The results of the two previous stud-
ies show that the effect of direct and indirect speech is still
not clear in human-robot interaction. Then, [12] examined
the effect of the robot making communication errors (e.g.
repeating itself, asking the user to repeat or not answering at
all when it is supposed to) on the relation between the par-
ticipant and the robot. The authors observed that the earlier
the errors appear (i.e. at the beginning of the interaction)
the better it is for the robot’s influence, which is preserved.
Otherwise, latter errors will affect the capability of the robot
to influence the user. In addition, if the errors occur after a
good performance from the robot, they will be more harmful
to the relation between the human and the robot. The authors



799

International Journal of Social Robotics (2021) 13:795-831

sjuedroned ofew jo Joquinu [[ews Y}

Jo 9snedaq A[snonned pajardiojur og SN S}OYS I9PUAD) —
J0qoI 9y} woij u3is A[puaLij € se

9ze3 [enunuod ay) paardd1ad aaey Aew syuedronaed orejy +
J0QO1 9} SpIemo)

jsna)  sorewo) uo joedwr dAneIou € pey 9ze3 JurIsuo)) —
pasearoul yse) ay) Jo Anoy

-JIp oY) St 10q0I 9} 9I0W ISn1) 0} papus) sjuedionred =

UONEBOTUNWITIOD PINYJ 9I0W € PaMO][e 10901 [edrsAyd oy, +
SIUSWIPOQUI JAYIO UBY) JUSWYOL)JE QIOW PIdNPUT pue

Aypromisnn a1ow se paAradrad sem joqor [eorsAyd oy g, +
Sunyew-uorstoap syuedron

-Ied oy} uo QoudNyuUI AI0W peY Joqol QYN [ed1sAyd oy, +
duIyoeW P[OD B SB

jou y3noye ‘uewny e se 10qol 2y} aaro1d jou pIp Ay, =
Sunyuey) pue Sunuowrdwos oy

10qO1 9y} pIemo} sIoiAeyaq aanIsod pamoys syuedionied +
an3e9[[0d puE 10JBI0GR[[0d POOST B aEW pInom J1 3y3noy)

pue joqo1 oy} yim 11odder aanrsod e pey syuedonre +
pasn sem £Sorens wopuey oY) Usym Uey) 9[qedaISe
puUe P)IdAOIIXd dI0W Sk PaATadIad arom Aay) ‘A391ens (e[,

10JI11) 1J.L @Y} pasn Joqoil 2} pue uewny 3y} y1oq UdYM +
juade uewny AY) ur

poArad1ad a1om S9JeI SSQUR[qeaaIde pue ssouuado Ioy3IIH —

TJH 01 saridde osye A11001d1991 Jo WION =
10901 2}

M Uey) UewNy B Yim 2Jow )eradoods o) papuo) o[dodd —
Joquiow dnoi3-ur ue ST QYN Udym juswaspnl

aanen(eAd aAn)Isod pue wisyrIoAey ‘ooueldedse 1YSTH +
(309339 ISBIUOD)

[njurey a1 QYN 9y Jo 9oueurio}rad poo3 e 19)je SI0LIg —

uone[al 9y} WIey Jou op Suruuisaq Y} e sIoldg +

soyoaads JOaIIpul pue JOAIIP USIMIA] SOUIJIP ON =

suon
-OBIQIUI UBWINY—URWNY 2I0W Pa1o3SLy yodads 10011puy +
aATIORIIE Q10U oaads 1oa1(] +

Apns TejuowLIadxy 10qO1 Ay} SPIemo) Isnig,

Apms TeyuowiLradxy sl Junjew uoIsIoaq

Apms [eyuowitradxyg
‘3urprngq jrodder ojenyeas o3 ysey Juniog

Apmys Teyuowitradxyg
"Owes wnewn[n pue BUIU[IP S JOUOSLIJ

Apms Teyuowradxy 1oquow dnoid
-)No Uk 10 -Ul Uk Sureq QYN ‘ouwres wea],

Apms TejuowLIadxy "yse) Surjuey

Apms Tejuowradxy SUISHISAPY

Apnis
reyuowrradxy “sysons 10§ uonowoid [910H

(s1eak g7z 95 ueow
‘sarewr 1) syuedronred zg

(s1eak (¢ 031 g punore page
‘sorewr ¢¢) syuedronaed (9

(oSe umouyyun
‘sorewr 871) syuedronred 9¢

(s1eak G'97 o5 ueow
‘sarewt g¢) syuedronred (9
(s189K [§'$Z 93 urow
‘sorewr ¢7) syuedronred Gf

(s1eak 7' 956 ueow
‘orewr %°8y) syuedronred ¢of
(o3e umouyyun
‘sjuapnIs oJenpersiopun
‘soreut §) syuedronaed o1

(oSe umouyun ‘ropua3
umouyun) syuedronred g1

[L1] suaAd)S pue uojuel§

[91] Te 10 Suepmy

[S1] 1810 098

[¥1] “I# 10 [eaopues

[€1] 'Te 19 IpueIqUayONY]

[z1] ‘T2 10 seong

[11] Te 30 zodo1

[0T ‘6] Te 10 URg sopmImy

<OV N o s3urpur{

ugisoq

ordureg

Joyny Quiay [,

SUOT)ORIA)UI [BIOOS UT SAIPMIS PAJIS[S | d|qel

pringer

a's



International Journal of Social Robotics (2021) 13:795-831

800

Aprordxa payse arom sjuedronted uaym
Joraeyeq Surdjey 9jowoid 0) pauraas AJ[IqesI] paseaIou] +
:Apmys puooag
j0qo1 2y} Jo uorssaidwr aanisod e ooueyuo Aew
yoIym ‘AIIGeYI] PISBAIOUT UT SI[NSAT AIOTWIW PISBAIOU] +
%¢8 :arer Axorwrw ewndQ +
:Apmys IsI1,]
JUQ[IS POUTETUAI PUE USIP[IYD
Q) 189y Jou pIp J0qo1 Y, ‘swajqord uonrusooar yoadsg —
JuSUIdZB3 U [BIO0S pue Jur
-UIE9] U 10919 19)19q 9Y) Pey Yorqpadj [BUOTIOW dANISO +
(yoea urw ¢ ‘suors
-S3S {) SUOISSAs A} JIAO0 JUSWIFTEIUD [BID0S JUASISUOD) +
JUQ[IS POUTRIAI PUE USIP[IYO
Q) 189y JOU PIp J0qo1 Y, ‘swopqord uonrusooar yosadsg —
y3nous jou st uonejdepe swen) —
JuowoSesud [eroos
S, UQIp[IYd paurejurewr uonejdepe Arowow pue uorjowry +

J0qO1 9y} WOIJ JAY}INg Ke)s 0) POPUL) UAIP[IYD JOFUNOX —

UQIP[IYD JOP[O 10 JoeW J0U
op Iopua3 $,J0q0I 9y} PUE ‘WIAY) S JOPUIF duwres ) SI ey
10QOI B IIMm J0BIIUI O} 19JaId p[nom uaIp[Iyo 103unog =
IOpuag umo I13} JO sSI[pIe3al suonoear aanisod
QJOoW pey USIP[IYd Y} J0qO0I A[ewd) oY) Surde] Usym +
(uonipuod
Iopuag-owes ul uey) -)1soddo ur poowr JoMO[) UONIPUOD
I9puag 9yrsoddo pue UONIPUOD IOPUIZ-OWES UIM)Aq
PAAIaSqQO 1oMm SISUBYD pooul Ing ‘UONIRIdNUI J0OI-P[IYD
Q) Sunel ur 19)jewW A[[BaI JOU S0P JOpUIT JUIYdIRIN =
J0qo1 9y} Jo a3k pue J9puas ) A[9renbope Ajn
-UQpI 0} 9[qE JOU A1k (P[O-SIBAA 9 JO G) UAIP[IYD JOSUNOX =
10QOI 9[eWd} YIM SunNIRIAUI SAOQ Ul JURISIP PISBAIOU] —
1001 9[eW pue
syuedronred usom)aq 90uR)SIP PASUBYOUN JO PAsLAIdN +
UQIP[IYD Y} AQ PIZIUS092I sem Iopudg $,30qoy +

Apmys Teyuowitradxyg
‘Krorwurwr Aq peonpur Jo1aeyeq Surd[oH
:Apnys puodag

Apms Afiqes
-11doy "oye1 Arorwrw rewmndo oy SursAeuy
:Apnys 1s11]

Apms Teorndwy “Surures)
AIe[nqeooA pue dwes SIOPPE[ PUB SayeUS

Apms Teorndwy -owred s1oppe[ pue sayeus

Apms jo14 “sorwaxoxd JoqoI-p[ryd)

Apms
[eyuowitradxy 30qo1 oyl yiim dwed Jurkeld

Apms
[euoneaIdsqQ ‘uonoeidyur Aed puojarg

(s1eak 1717 25 ueow

‘sorewr 1) syuedronaed (¢
:Apn3s puooas

pue (g yuswriadxa) Apnys IsIn]
(s1e9K 17 95 ueow

‘sorewt Gt7) syuedronred ¢/

(T yuowrradxa) Apmys IsIng

(s1eak 76 Q1 93e ueowr
‘sorewr 7 1) syuedronred 4

(sreak Z1-01

paSe ‘sorewn /) syuedionaed ¢
(s1eok g° 93e uvoW

‘sorewr ¢1) syuedronaed 9g

(s1eak 71 03 G paSe
‘sorewt 9G) syuedronaed /0]

(s1e9k 18°G o5 urow
‘sarewt () syuedronaed 4/

[£2] ‘Te 39 exeyourys

[z2] T8 10 peuyy

[12] e 3 peuyy

[0Z] ‘Te 39 euIZINUO],

[61] ‘& 12 eAO[N3ApUES

[81] "2 30 BAO[NSApUES

JuowaFe3u [B100S

<OVN Uo s3urpurg

ugrsaq

odweg

Joymny

pringer

Qway ],

Qs

(ponunuoo) | sjqey



801

International Journal of Social Robotics (2021) 13:795-831

els

[eIUSW JUSPYUOD-J[AS YIIM PIJB[I Sem UOISIdABNXD ATUQ +
Juow

-03e3UQ [B100S 19MO] 0] PAJB[I dIR SAIL]S [BIUAW JANBTIN —
juow

-95e3u0 [e100S 2I0W 0) PAJB[I dIB SAIL)S [BIUW JANISO +

Qouew
-10510d 9ouBqUS sAem[e Jou sQop sanIfeuosIad SuryoleA —
oouewroyrad aousnyur jou pIp 1040y =
10qo1 2y} YIm Yse) oy} Sururtojrad parrsyard sjuedionied +
JIOIABYQQ S10qo1 A[uo yodads paydepe uey) [einjeu
pue SurSe3ua a10W ST JOTARYRQ §,)0q0I paxTwi pajdepy +
uonoergul jeridordde
d1ow e 10} sanifeuosiad Suryojew dAey 0) AIeSSAIN +

swarqoxd

[e013010UY09) WIOS M 1Y) YSNOY) USAD ‘ONSI[BI
pue Surureyrojue ‘Jurdesuo se pareorad sem Aerd oyJ, +

9[qrsuodsar pue juadi[aiur ‘o[qeaspamouy| Juajedwod

‘9o1u yueses[d ‘pury ‘OATSUOdSaI ‘A[OAT] ‘OATE SE J0qOI
) paarddiad ‘(douarpne ay) Jo srequiawn) sjuedronred +

sjuared o) 0) SurpI0d9E ‘sjIqey AY)[eay SpIemO)
Jo1ARYQq pasoidwr ue pey sdnoi3 joqor ur uaIpy) +
uonIpuod WISAS J0qox
) UI S[eOS JI9Y) PAASIYOR UIP[IYD AIOJA "S[e0T paugisse
-J[9S QY3 UO 19942 Uk pey J0qol ) SuIsn SUONIPUOD AL, +
a3ueyd y1qey Ayreay uo joeduwr aanisod
& pey (JuaSe [en)IIA AY) YIIM UONIPUOD dY) PUE J0qOI Y}
M suonIpuod ay) ‘Apnis oy ur) J1oddns feuoneanow y +
Juowaesuo
[e100s 210U O} SUIPEI] }0qOI [ENIIIA ) URY) JOQOI [BX
9y} 18 Surjoo[ awrn atow Apuedoyrugis juads uaIpyIyd Y], +
JUAWIPOqUId 3Y)
uey) Joedwir 210w 9ARY JYSIW J0q0I Y} JO JOIARYRQ Y], +
owm nsodxa 110ys 9y} 01 anp dgAew ‘Furured| 1oy J0qol
[eo1sAyd pue [enliIA u29m1aq OUAIIYIP JUBOYIUSIS ON =
(101ySney
QJowW) 9N[BA JUSWIUILIIAUL Y} 0} sppe uraned [eioireyeg +
IN[eA JUSWUTIRIIAUD Uk sty OVN +
J0qox
oy Pim swed purwrlsey Surkerd pekolus sjuedronred +
:Apmys puooog
astadins pue 9ouapyuod ssardxa
0} 9jenbope arom urened T 942 pue yooads ‘anjsen) +
:Apmys 1s11q

Apms Tejuowtradxg
*(soyol 3ur([e) uororISUI SNoJoWNy
q1ow & pue dwes uonIugooar uonowryg

Apms Tejuowtradxy “(swes preoq
uonerad() swed ssans e ul 3uryorod QYN

Apms TeyuowiLIad Xy JI0X-MIN
Ul SJUBINE}ISI JNOQE UOTIORIAUI JoqOoI—Ueuny

Apms Tejuow
-11adxq “Aeyd aneay) e ur joqor Yy Jursn)

Apms Tejuowr
-11dxy "A1IATIOR SUTUIRI[ B U UOBATIOIA

Apms 183
-uowrLrodxq “yse) Surured] AI9A00SIp papInn

Apmys urews pue
[eyuowiLIod Xy ‘owes puruid)sejy Jurke[d
:Apnjs puodag

Apms j071q “A)1soLmd pue
9stidins 10§ so1)sa3 pauSIsop Jo UONEpPI[eA
:Apnys Isaq

(s1eak 1°G 95 ueow
‘sorewr ¢7) syuedronaed /¢

(s1eak 9g—¢7 pade
‘sorewr 91) syuedronaed /1

(s1eak gg—1¢ pade
‘sorewt 1) syuedronred 1¢

(s1eok 1/—8] paSe
‘osuodsoI-uou ¢ pue so[euIdf
1z ‘sorew 97) syuedronaed 9¢

(s183K 11— pase ‘Iopuald
umouxyun) syuedronied 8

(s1eak g/ 93e ueowr
‘sorewr 171) syuedronred gz

(s1e9k /€9 93e ueowr
‘sorewt 1) syuedronaed g1
:Apn3s puooog

(s1eak g'¢¢ a3e
uBdw ‘sorew ) sjuedronred §
:Apm3s IsI1

[0€] T2 10 opeyoag

[627] snde], pue Sueq

[8Z] sndeg, pue Ay senifeuosiad Suryoje]y

[£2] 'Te 1 wnyoop

[92] Te 10 soy

[s7] ‘T2 1 Apauuay]

[¥2] 'Te 30 uosuyoy

«OVN o s3urpur{

ugisoq

ordureg

Joyny Quiay [,

(ponunuoo) | sjqey

pringer

a's



International Journal of Social Robotics (2021) 13:795-831

802

Surpuy 2anegou - ‘Surpuy ennau := ‘Suipuy aanisod :+,

[[edar
uo 109y0 JueoyIuSIs ® 9ARY Jou pIp 9zes ‘Apnis Siy) uf —
[[8921 U0 109J9 2ANIsod © pey saInysas o1uod] +

SuonOR [B100S 9y} 0) sesuodsar

dI0w ur pey[nsal uonoe [eonoeld ayy 03 asuodsar ajenbapy +
(eAqpoo3 pue Juryea1d)

SUOIOE [R10S ) 0) asuodsal pasearour uonerodrddy +
(arreuuonsanb ay) Surpuey) uonoe reonoseid ay) 0y syued

-1onaed oy) woly osuodsar 210w ul pay[nsar AJLIeI[iue, +

sjuedronred ay3 £q pojeroaxdde st joeqpasjordos +
:Apmys puodag

a3essow orpne ue AJLre[od sdjoy 2Imsan +

:Apmys 1811

OVN =y

Iim Apnis puodas oY) pAIWI] SIS JOLId pue suonouny
Sorerp Ajipowt 03 Ajiqe ‘senrunyroddo Surwrweiiord —
Apnis SIU) U JUBAS[ALI POUIIS JOPUAT 9JI0A 100y =
:Apmys puodeg
Aq110MmISnI) 210W Se Payiodal sem 10qoI 9J10A I[N +
:Apmys 1811

S[euSIs uoNORINUI UBWINY—UBWINY UO Paseq dIe
SUOTIORISUI J0QOI—UBWINY OUTS [BIIUISS 9q ABW JUNOIIL
0JUT UOT}ORIIUI UBWUNY—UBWNY JO UONRZIULSIO ) Junfe], =

10q01 9} 0] [[oMm A1oA pardepe sjuedionred +

Apms Teyuowtradxy "uon
-BOIUNUIIO) J0QOI-UBWNY JO SSOUSATIOIYH

Apms [ejuowiradxg
'J0QOI 9} YIIM UOT}ORISIUI [BIO0S [eay

Apms TejuswLIadxy "UONRIPIW [BID0S
:Apnjs puodag

Apmys Tejuowr
-11adxg "yo9ads s,3oqol ay) Jo uoniu3odoy
:Apns 1sI1q

Apms Tejuowtradxy ‘uonewrIoul feuosiad
Surreys uo 10qoI oY} YIIM UONIBINUI JAT]
:Apms puodag

Apms Areurwroid ‘Iop
-ua3 20104 $,J0qo1 uo a1reuuonsanb auruQ
:Apns I1sIq

Apms Teyuowrradxy
*(3[e1-1e-SUIN}) UOTBSIOAUOD J0qOI-UBWNY

(s1eak 19 o3e ueow
‘soreut ) syuedronted g1

(s1eaK ¢ 93e ueow
‘sorewr 97) syuedronred of

(s1eak ¢ o8e ueowr
‘sorewt /£ 1) syuedronaed (g
:Apn3s puooog

(s1eak Gz o3e ueow
‘sorewr 97) syuedronaed (g
:Kpmys 3s11q

(oSe umouyun ‘syuop
-n)s ‘sorew ¢) syuedronted 9
:Apmys puodag

(e8e pue 1opuad
umowun) syudpuodsar g
:Apmys 1S,

(syuopmys
K)ISI9ATUN “9FR UMoOUUN
‘sorewr Q) syuedronaed ¢

[s¢] Te 1o Mliq uea

[€] 2amuoA pue einoppegq

[e€] T8 10 TR,

[z€] ‘e 1 suatyeg

[1€] Wo1g pue ueyad

uonednuwo)

«OVN o s3urpur{

ugisoq

ordureg

Joyny

Quiay [,

(ponunuoo) | sjqey

pringer

Qs



International Journal of Social Robotics (2021) 13:795-831

803

explain this phenomenon by the contrast effect, a concept
well known in social psychology [36]. In short, it refers
to the fact that if one develops a positive attitude towards
the object of attitude (in this case, the interaction with the
robot), negative experiences will influence the person more,
since it contrasts with the initial attitude. Therefore, if the
errors occur at the beginning of the interaction, the attitude
is not totally formed, and the robot can recover from this
initial negative assumption. Also, [13] assessed the effects
of the NAO being an in-group or an out-group member on
the participants’ perception about the robot. To do so, they
assigned the participants to different groups (i.e., blue or
green group). In the in-group condition (blue team), partici-
pants were told the NAO was part of their team, whereas in
the green group, the robot was not part of the team, but still
present in the activity. Results showed that the participants
perceived the NAO more positively and were more willing to
interact with it when it was an in-group member than when it
was not. In another study, using the Prisoner’s Dilemma and
the Ultimatum Game, [14] found that participants cooper-
ated more with the human than with the robot. The human
was also perceived as more open and agreeable. However,
they explain this result with the fact that even if they did not
want neither of the agents (robot or human) to display emo-
tions, they had no control over nonverbal body language of
the human agent. Also, when the robot (and the human) used
the Tit for Tat (TfT) technique (cooperate in first round, then
copy what the other person chose for the next rounds), they
were perceived as more extroverted and agreeable. In [15],
they examined how human build rapport with a robot. They
observed that the participants engaged in positive social
behaviors such as thanking and complimenting the robot,
which enhanced the rapport-building. Finally, the two last
studies [16, 17] show that human tend to perceive the robot
as trustworthy and are willing to follow their lead when fac-
ing an ambiguous decision.

3.2.2 Social Engagement

Ten studies (552 participants) investigated the social engage-
ment in human-robot interactions. First, three studies were
conducted to observe children-robot interaction. Two stud-
ies observed young children in a pretend play (or role play)
and a playing game interaction with the NAO robot [18,
19]. In the first one, the authors observed that the children
recognised the gender of the robot and adapted their behav-
ior according to gender-based social rules. In line with this
finding, concerning proxemics, they observed that children
in general did not change their distance between them and
the robot or decreased it when facing a male gender robot.
However, when they were facing a female gender robot, boys
significantly increased their distance between them and the
robot. This finding indicates that: (1) children can recognize

the gender identity of a robot and, (2) they interact with them
considering gender-based social norms (gender separation).
In addition, [20], who conducted a similar study on prox-
emics between children and robots, observed that younger
children tend to stay further from the robot. Although, in
their subsequent study, [19] observed that younger children
are not able to identify correctly the gender of the robot,
but they prefer to interact with a same-gender robot. Con-
trarily, older children recognised the gender of the robot.
According to them, the matching gender was not important
to children, although some mood variations were observed,
being lower in opposite-gender condition than in the same-
gender condition. Interestingly, children had more positive
reactions when interacting with a female robot, regardless
of their own gender. In two other Australian experimental
studies, children were playing a snakes and ladders game
and vocabulary learning with the robot [21, 22]. The aim of
the studies was to assess the social engagement of the chil-
dren with the robot concerning eye-gaze, gestures towards
robot, etc. in a long-term interaction. Results show that the
children’s social engagement was consistent throughout the
sessions and that positive emotional feedback from the robot
enhanced social engagement and learning. Also, duration
of verbal responses increased, whereas facial expressions
decreased over the sessions. Then, an experimental study
conducted with adults evaluated their social engagement
in the form of helping behavior induced by mimicry [23].
Their study is based on the chameleon effect, which triggers
when someone mimics behaviors, postures or mannerisms
of someone else [37]. This effect was shown to increase the
mimicker’s likability. In this study [23], mimicry from the
robot should enhance the helping behavior of the participant
because of this increase in likability. The authors noted that a
high mimicry rate (83%) increases likability of the robot, and
therefore generates a positive impression of the robot. Also,
the authors observed that the increased likability resulting
from the high mimicry rate promoted willingness to help
the NAO (form of social engagement) when the participants
were explicitly asked to do so. Another study assessed the
entertainment value of the NAO robot with adult partici-
pants playing the game Mastermind with the robot [24]. The
authors observed that the behavioral pattern displayed by the
robot resulted in more laughter, which effectively indicates
an entertainment value of the robot. Two studies examined
the engagement of children in learning activities. In [25],
they observed that the embodiment (physical or virtual)
did not impact their learning. They mention that it could be
explained by the novelty effect, since the interactions lasted
a short time. Although, they advanced that children spent
more time looking at the physical robot than at the virtual
robot, suggesting more social engagement. In their study,
[26] use a physical and a virtual robot to teach children on
healthy habits. They conclude that having a motivational
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agent (either physical or virtual robot) enhances healthy
habit change. What the physical robot added was that the
children achieved more their goals when interacting with
this type of embodiment. Finally, [27] used the NAO robot
in a theatre play as an actor in a care scenario. They wanted
to see how the audience would respond. Interestingly, the
play was perceived as engaging, entertaining and realistic,
even though there were some technical problems. The robot
was perceived as alive, responsive, kind, pleasant, intelligent
and more.

3.2.3 Matching Personalities

Three studies (75 participants) evaluated the importance of
matching personalities in the interactions between a human
and a robot. Results show that a robot that matches the par-
ticipant’s personality is essential for an appropriate inter-
action (e.g., extrovert robot for extrovert participant) and
that a robot that adapts to the personality of the participant
seems more engaging and natural than a robot that does not
[28]. In an experimental study where the authors exposed
participants to a stressing game and were coached by a robot
with different personalities, the performance was not always
increased when the participant was coached by a robot with
a matching personality [29]. Finally, another study included
other personality factors than extroversion and introversion,
namely openness and neuroticism [30]. Results show that
the mental state of the participant seemed to be in relation
with the behavior the participants adopted during the inter-
action. In fact, positive mental states were related with more
social engagement (longer duration of speech, laughter, short
reaction time), whereas negative states were related with
less social engagement (lack of laughter, negative speech
and failure in the game). More work must thus be done to
understand better the effects of personality in human-robot
interactions.

3.2.4 Communication

Finally, one last important facet of social interaction con-
cerns general aspects of communication, assessed by five
studies (198 participants). It is known that when interact-
ing with a robot, humans tend to use the same signals as
in human-human interactions [31]. In this first study, the
authors observed human-robot interactions and saw that
participants tended to adapt to the robot’s need and capa-
bilities, but this was sometimes difficult probably because of
the lack of transparency in the robot’s verbal cues. Another
study aimed to assess the influence of the robot’s gender
[32]. When questioning participants in a preliminary study,
results showed that people characterised the male voice
as more trustworthy and were more willing to share per-
sonal information him. Although, when testing this fact

@ Springer

experimentally, the robot’s gender seemed to be irrelevant
because firstly, participants shared information equally with
both robot’s genders. Secondly, some participants did not
distinguish the robot’s gender (identify the wrong gender or
describe the robot as genderless). More studies need to be
done on how the gender of the robot affects human—robot
interactions. Then, a study investigated the importance of
sociofeedback given by the robot through audio messages
and gestures [33]. In fact, it was found that audio messages
are essential in delivering a sociofeedback, but gestures help
to increase the clarity of the feedback, which is appreciated
by the participants. Another study [35] concluded that iconic
gesture is an important component of the communication,
and in this study, on recall. Finally, the last study compared
the participants’ responses to social actions (e.g., greeting
and goodbye) and practical actions (e.g., handing the ques-
tionnaire) made by the robot [34]. The outcomes of the study
were that practical actions were more responded when par-
ticipants felt familiarity, the social actions were intensified
when robot’s sociability was higher, and that the more prac-
tical actions were adequately responded by the participants,
the more they responded to social actions.

3.3 Affectivity

Nine studies (291 participants) assessed the affectivity value
of the NAO robot. To be an effective SAR, it is essential
for the robot to be able to perceive and express emotions
[3]. Also, according to the same authors, empathy, or the
capacity to demonstrate that one’s feelings are understood
or shared, is a necessary capacity for a robot to have, since
it is crucial to social interactions (Table 2).

3.3.1 Emotion Expression

Since the NAO robot cannot express emotions through facial
expression, unless with changing colors eye LED, one might
think that this is an obstacle to emotion expression for this
robot. Nonetheless, six studies (254 participants) assessed
the NAO robot’s emotional expression capabilities through
affective bodily expressions. In the first two studies, the
authors implemented affective bodily expressions [38, 39].
Cohen, Looije and Neerincx [38] assessed the recognition
rate, meaning that the robot (NAO or iCat) expressed an
emotion (e.g. sad, happy, fear) and the child had to recog-
nize it. Then, they compared the recognition rates of the
NAO, which expressed emotions through postures, and
of the iCat robot, which used facial expression. Results
show that in general, recognition rates were significantly
higher for the iCat than for the NAO, but when comparing
each emotion separately, there is no significant difference
between the two recognition rates, which shows that both
robots can express emotions and that facial expression is



805

International Journal of Social Robotics (2021) 13:795-831

uaIp[Iyo Aq pazru
-30001 SS9 sem YOIYM ‘uorIowrd Ia3ue oY)
wolj jrede ‘s)inpe pue UIP[IYD UIMIIq
TeruiIs ST uone}a1dIour UoTows ‘[[eIdAQ +
[e0S SIy) 03 9[o)ISQO UE JOU SEM
uo1SsaIdxa [BIOB] JO 90USqQY '10qO0I B AqQ Apms TejuowLIadxyg
pakerdsip suonjowe AJIjUspr Ud UAIP[IYD) +  "SUOTIOWS $,30qo1 Jo uondaorad s uaIp[ry)
PIpPaaU I8 SIOSUS 9[1)0%) QIO —
(1opua3d
Jo Juopuadapur) aa0[ Surssardxo uaym
SUOIIBO0[ SNOLIEA 210w Yono) sjuedonred +
(19pua3 jo juopuadapur) awr 3sa3U0[
9} 10J PIAIAUOD UOTIOWID A} SBM SSOUPES +
uonowe AI9A9 10§ J0qOI
9} Yono) 0} sAem PILIEA IOW ISN 0) pue
SUOIIBO0[ 2I0W YONOo) 0) ‘uoneInp Io3uo| Apnys [eyuowtiadxy 10qol1 oy}
® IO} OVN 9Y} YOno} 0) popud) So[ewa,] + 0} Yono) YSnoIy) UoNesTunuruiod uonowsy
(pooadxa se) owred
oy} ur douewLIo)rad oy pasoidwr poow
10q0I 9ANESAU ‘UONIPUOd dweS JNOYJIp Uy +
(poow jued
-onred aanisod = poow joqor aanisod)
poout $,J0q0I 9y} Aq PIJUSNJUL SeAm POOW
s juedronred ‘uonipuod swes Ases uy +

poouu Jo 193JJ2 uoI3ejuo)) + Apms TeyuowLradxy -owes uonejuy

Apms 183
sorew ueyy  -uowirradxy “(Surjnuapr pue JuneuTWILId
3unel 9ANO9Ye uraW IOYIIY ey So[eWo,] = -sIp ‘Sur[eqey) juswiLIadxa yse}-91y) Y
Ayjromisna pue A[puorLly
d10w se paA1adad S 1 asnedaq eI Y}
I0A0 QVN QY3 9S00YD PINOM ULIP[IYD) +
971u30091 0) JAISBd
QIe 1x01u09 © Ul passaidxo suonowd +
OVN PUe 18]I usamiaq £orInooe uoniu ‘ug1sop 109[qns-urym ‘Apms
-30901 JO 9OUQIOYIP JUBOYIUSIS [[BIOA0 ON +  [BIUSWLIAdXH YSB) UONBIYNUIPI UONOWT
:Apnis puoods :Apnis puoods
suorssardxa A[Ipoq 2Anodge Apms 10[1J ‘SuoIls
pajuswrdwr oAy oY) wiiojiad pnod QYN +  -s21dx9 uonows Jo yse) UondNdp-feusis
:Apnys I1sIq :Apnys Is11q

(s1eak 71
a3e ueow ‘sorew 1) syuedronred 47

(s1eak 00T
paSe ‘sorewr 7¢) syuedronred 49

(s1eak 9°97
93e ueow ‘sofewr G7) syuedronred g¢

(s1eak §°0€
a3e ueow ‘sofew 1) syuedronred gz

(s1eak $9°g
a3e ueow ‘sorew G) syuedronred 41
:Apnjs puodag

(s1eak 94
a3e ueow ‘sofew G) syuedronied g
:Apnys Is1

[zy] e 19 3poeg

[1+] '[e 10 uosseaipuy

[ov] T8 10 nX

[6¢] sword[og pue peay

[8¢] 'Te 12 uayo) uorssardxe uonowyg

*OVN U0 s3urpury usso(

odureg

Joymny Quiay [,

KIATIOQ R UT SAIPNJS PRJORdS 7 d|geL

pringer

a's



International Journal of Social Robotics (2021) 13:795-831

806

Suipuy aane3au - ‘Surpuy [ennau := ‘Surpuy aanisod :+,

UQIp[IYo J0J uonowd uey juelrodur
QI0W ST 9104 §,J0q0I JO ANTIQISI[[AI] +
Ayqyr0M)SnLI) o10W
se paarooIad sem J0qol 9ATIO9)Je-UON +
(-) 1snn pue 2oue)dadoe paseaIdIp
nq ‘Ayjedwo paseaIour $J0qoI IANOPY +
10qoI1
aAndIye ue yim A[oAnisod a1ow aAeyeq
pue suorssaxdxo o1ow Moys UAIPIIYD) +

PpassaIppe aq
0} Spau SUOIIBMIS J[TWIS Ul QYN Y3 JO
JIOTABYQqQ dwes ) Jo uonnadar Surproay —

Iopuag pue aFe Jo sso[pIesar ‘Ayjedwo oAn

-09yje uey) 1oy31y sem Ayredwo aanmu3o) +

:Apnis puooeg

sjuedronred

) AQ pazru300a1 1M UOIYM ‘S[eOT
oryredwo papuajur 9y} pIKIAU02 10qoy +
:Apnys IsI1q

PpassaIppe oq

0} Spau SUOIENIS JR[IWIS Ul QYN 9} JO
I0TABY2q dwes A Jo uonnedar Suiproay —

J0QOI & PUE JOSN B U2IM)aq

SUOIIOBIAUI [BIO0S SUI[OPOW UM
JIOPISUOD 0) [BIIUSSSI AT SI0JOB] QANIOPY =

K103s aantsod

) 193je syuedroned oy jo s1ooye aanisod
paduaNuI IOIABYI] [BGIAUOU YIUBWINY +

9A1E3oU $S9[ pue

aanisod arow Apueoyrusis 3jof syuedron
-red ‘1035 Addey si1 p[o) QYN U3 uaym +

(dNH + IN¥ > NH > gNY > [01

-U0D) 2IOW UAD SONSLISIRIBYD S}

9SBAIOUI SIOIARYQ( A} JO UONBUIQUIOD Jf)

pue ‘aIso[osIp-J[os ‘10ope aanIsod ‘10qox

A Jo Aorwtue paArao1ad asearour yjoq
JIOTARYQQ [BQI9AUOU JOQOI PUB UBWINY +

Apms Tejuowtradxy owes zmng)

Apms Tejuowradxy -ongjedwo
sem IOIABYQQ S,J0qQOI 9} JI dJen[eAr
:Apnys puodag
Apms Tejuowr
-119dx7 "J01ABYQQ $,J0q0I 9} JO UOEN[BAY]
:Apnys Is1q

Apmys ase)) ‘Juow
-)rede ue U OLIBUQDS UONORIUT [edTdAT,

Apms Tej-uowrradxyg
“JOIARYQQ [BQIOAUOU J0QOI PUE Uewny
ySnouiyy uonows s1oqoi 3y jo uondooreg

(s1eok 68°8

93e ueow ‘sorew ) syuedronied g1 [#+] ‘Te 30 uewyary,

(s189Kk 9°G/

93e ueow ‘sorew ) syuedronied g1 [2] ‘T 30 stjoreD o

(p1o s1eak ¢y ‘orewr) yuedionred suQ [€] ‘Te 30 store) o

(s1eak 1

“pz oSe ueow ‘sorewr ()¢) sjuedonied 08 [cf] Te 10 UAMNNJ IOP UOA-[EYIUISOY

Ayredwyg

+OVN U0 s3urpury

ugsoq

qdureg oyiny

Quiay [,

(ponunuod) z3jqer

pringer

Qs



International Journal of Social Robotics (2021) 13:795-831

807

not an essential component of emotional expression. They
also found that expressing the emotion in a context enhanced
the recognition of that affective state. Furthermore, children
mentioned that they preferred the NAO robot to the iCat,
because the NAO seems to be perceived as more trustwor-
thy and friendly. Also, in [42], they conclude that children
can identify emotions displayed by a NAO robot correctly,
and they add that there is no significant difference between
them and adults apart from anger emotion. This emotion
was less perceived by the children. The results of another
study show that bodily expression of the robot’s mood has a
contagion effect on the participants, explicitly and implicitly.
The robot’s mood influenced the participants’ performance
in the difficult condition of an imitation game, a positive
mood from the robot having a negative effect on perfor-
mance because the participants were more entertained [40].
In addition, in a Swedish experimental study, participants
had to communicate emotions to the robot through touch
[41]. The results showed that males and females conveyed
emotions to the robot differently from one another. Females
tended to touch the NAO longer, to touch more locations
and to use more varied ways to touch the robot for every
emotion. However, the participants touched the robot longer
when expressing sadness, regardless of the gender. Finally,
in [43], they evaluated how humans perceived the robot’s
emotions through human nonverbal behavior (moving
head, arms, torso) and robotic-specific nonverbal behavior
(changes in eyes color). They conclude that both nonverbal
behaviors increase the perceived animacy of the robot, posi-
tive affect and self-disclosure. They also add that combin-
ing these behaviors increase these characteristics even more.
Thus, when the NAO told its happy story, participants felt
more positive and less negative.

3.3.2 Empathy

Three studies (37 participants) evaluated the role of empathy
of the NAO robot interaction with participants. Considering
affective factors is essential when investigating social inter-
actions between a robot and a human [3]. In an experimental
study, [2] assessed the robot’s empathic behavior and the
participants’ perception of the robot’s empathy. In this study,
the robot correctly realised the intended empathic goal, since
it was recognized by the participants. Thus, the robot’s cog-
nitive empathy (understanding of the participant’s emotion)
was higher than its affective empathy (feel the participant’s
emotion), regardless of age and gender. In the last study in
this category, [44] used a quiz game to assess the children’s
perception of an affective and a non-affective NAO robot.
While the affective robot enhanced positive expression,
behavior and empathy perceived by the children, the non-
affective robot was perceived as more trustworthy. Although,
the affective robot was preferred by the children because of

its bodily expression of emotions and its adaptability to the
children.

3.4 Intervention

Thirteen studies (519 participants) investigated the use of a
NAO robot as a therapist. The robot was used as an inter-
viewer, in evaluation/recommendations, and in physical
interventions (Table 3).

3.4.1 Interviewer

Three studies (32 participants) assessed the interviewer
value of the NAO robot. The first study compared the NAO
robot to a human interviewer to conduct an employment
interview [45]. Results showed no significant difference
between the human and the robot interviewers, which sug-
gests that the NAO robot is a conceivable interviewer. Then,
a pilot study introduced a NAO robot in a working environ-
ment [46]. The robot had to motivate the workers to get up
of their chair and to follow the robot in doing a routine.
The authors observed that the employees rarely rejected
the request from the robot and almost always performed
the routine. Also, they noted that the robot helped break-
ing the hierarchical boundaries. In another study, a NAO
robot was programmed to conduct a motivational interview
[47]. Motivational interview is a psychological intervention
that enhances behavior changes. In this study, the robot had
to encourage physical activity among the participants. The
main positive outcomes were that the participants enjoyed
their interaction with the robot and liked the neutrality of
the robot. Participants felt unhurried since the robot did not
interrupt them, and more comfortable since the robot did
not judge them. Some participants even pointed out that the
interview had an impact on their behavioral change.

3.4.2 Evaluation and Recommendations

Three studies (215 participants) evaluated the potential
of the NAO robot as a therapist. In an experimental study
with children of 9.5 years old (in average) having cancer,
the authors used a robot as a psychologist assistant [48].
The robot participated in a therapy with a psychologist for
children having cancer and they were compared to a con-
trol group having a conventional therapy with a psycholo-
gist only. The study’s results show that using a robot as a
psychologist decreased anxiety, depression and anger sig-
nificantly when compared to the control group having the
traditional psychotherapy. Authors advance that the robot,
just like peers, increase the children’s self-esteem and
make them feel more supported than with an adult. Also,
the authors conclude that a humanoid robot was useful to
calm the children by teaching them about their illness and

@ Springer
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methods to relax and to take control of their situation. In
another study, the robot was used to do a medical interview
simulation and was compared with a human physician [49].
Albeit both human and robot were significantly credible on
credibility scale, the human physician was rated higher in
credibility than the robot and had a greater positive impact
on the patients. Although, this relationship between cred-
ibility and physician (human or robot) was mediated by the
perceived social presence of the physician, which was higher
for the human. Thus, using a NAO robot in combination with
traditional physician in a medical interview might be a great
avenue in the health service system. In the last study, the
NAO robot was used to assess the stress level of the partici-
pants using a low to high level of politeness [50]. Then the
robot made recommendations on how to reduce the partici-
pant’s stress. Results of the study show that the robot needs
to adapt its politeness level to the different users, because a
high level of politeness is not always appropriate, and does
not always have positive effects on the user’s compliance to
the robot’s recommendations on how to reduce the user’s
stress. The authors conclude by saying they believe that
human-like robots might be a great avenue in the healthcare
service because they might be perceived as more acceptable
helpers than other technologies.

3.4.3 Medical and Physical Interventions

Seven studies (272 participants) used the NAO robot and
three studies (109 participants) as a rehabilitation assistant.
The robot had to assist a physiotherapist by showing the
movements to the patients. The main findings were that the
robot enhanced the quality of the movements of the patients,
more than a virtual robot, probably because of its physical
presence [51]. In addition, the robot adapted the speed of
the movement to the patient, which made the patients pay
more attention to the movements performed by the robot.
When the NAO performed a movement slowly, patients also
adapted to the pace of the robot, which improved the qual-
ity of their movements. Two main issues were noted in the
studies. First, due to the robot’s physical limitation, some
movements were not correctly modeled by the robot (i.e. the
optimal distance for some movements was not reached by
the robot, so by the patients too). Also, there were some trust
issues from the therapists concerning the advices given by
the robot in the other study, but the authors mentioned that
it was probably due to the therapists’ short exposure time
to the robot [52]. Nevertheless, the robot was well accepted
by the patients, the therapists and the parents for the study
with children [58]. In a similar study concerning paediatric
rehabilitation, [54] achieved similar results, saying that the
robot was well accepted by the children. The professionals
also agreed that it would be an interesting tool to use in reha-
bilitation. Three studies [55-57] used the ZORA robot as a

rehabilitation assistant. The first two studies focused on chil-
dren with physical disabilities. The robot was used in reha-
bilitation sessions, taking the professional role of instructor,
demonstrator, etc. The authors wanted to see if a robot-based
intervention would help in achieving goals in four domains:
movement skills, communication skills, cognitive skills and
attention skills [55, 56]. The professionals (physiothera-
pists, speech language therapists and others) were present
in the session. The main outcome of these studies is that
the robot enhanced achievement of goals, especially in the
movement and communication skills. Also, using the robot
allowed the professionals to concentrate all their attention
on the observation of the patient, which they appreciated.
The last study was also a pilot study to incorporate a ZORA
robot in a geriatric rehabilitation hospital and in two ser-
vice care homes [57]. Participants mainly mentioned that
using a robot requires many adjustments and resources like
knowledge, skills, time and organizational infrastructures.
Also, when planning to use the robot, participants pointed
out the necessity to know what the customers’ needs are in
advance. Nevertheless, participants enjoyed the robot and
thought it was cute and sympathetic. Although, there were
problems with people that had vision or hearing impairments
(e.g., small robot size, quiet voice, no lip-reading possible).
Finally, one study used the NAO robot with children diag-
nosed with diabetes [53]. The NAO assisted in the weekly
appointments and educated them on diabetes. The results
showed that the children appreciated their interactions with
the robot and that it made their visit more positive.

3.5 Assisted Teaching

Another field of application of SAR that has been explored
is robot-assisted teaching. Ten studies (401 participants)
assessed the utility and effects of a NAO robot in this type
of environment. Particularly, the robot was used as a teach-
ing-assistant in schools, for sign language learning and as a
trainer-assistant (Table 4).

3.5.1 Schools

Seven studies (206 participants) used the robot in a class-
room. The participants were all aged between 9 and 12 years
old. NAO would be a great avenue to assist teaching in the
future because it uses multi-modal interaction that meets
all three sensorial modalities essential in learning, namely
auditory, visual and kinaesthetic [58]. Also, the children
think that using a robot to assist teaching is a positive idea.
According to [59], children as young as six years-old are
adequately cognitively developed to be able to interact with
a NAO robot. In one of the studies, children specifically
appreciated the fact that the NAO robot was programmed to
adapt to their emotions (understand children’s feelings and

@ Springer
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share its own emotions), memory (e.g., remembering name
or previous performance) and personality (being introvert or
extravert according to the child’s personality) [60]. In addi-
tion, when the NAO robot is compared to another robot (in
this case, EMYS robot), children perceive the NAO as more
friendly, pleasant and empathic, probably due to its capacity
to express emotions through body language [61]. Although,
the three papers mention some limitations in the usability
of the NAO robot in schools. Mainly, the robot would have
to follow the learning rhythm of the children, because they
do not learn at the same pace, and to not make fast moves
or quick responses so the children do not get scared of the
robot. Furthermore, one of the greatest challenges would be
to address the technological difficulties that could be expe-
rienced in a long-term children-robot interaction. Another
study used the NAO robot in a robotic-assisted language
learning class [63]. The authors wanted to see how the robot
could reduce the anxiety of learning a new language. They
conclude that the robot helped to reduce the participants’
anxiety, enabling them to learn better. The students were
reassured by the mistakes the robot would make (intention-
ally), were less anxious when their name was called out and
had more fun in the class. Concerning academic education
of adults, an experimental study exploited the NAO robot
to perform a patient simulation [62]. The participants had
to perform a common behavioral procedure with the patient
(NAO or human). Results showed that the performance of
the participants were similar when facing a robot or a human
actor. In addition, the learnings the participants made could
be generalized to working with real children. Finally, an
interesting article [64] used the robot in a reversed teach-
ing experimental study. They used the NAO to act like a
child that learns how to write, and the children had to teach
it how to write letters. They observed that the children
improved their own writing when the robot was learning
than when it was not. They also pointed out that children
liked being the robot’s tutor and it had positive impact on
their self-evaluation.

3.5.2 Sign-Language

Two studies (183 participants) examined the NAO robot’s
potential in teaching sign language. Both studies compared
participants with and without sign language acquaintance.
The two researches come to the same conclusion that sign
language knowledge influences the performance [65, 66].
Effectively, if one already has experience in sign language,
one might be able to recognize the signs faster and more
accurately than the participant that has no knowledge in this
language. In addition, if the robot’s movements are not pre-
cise enough, the participant with anterior experience would
be able to differentiate the target words from other words
that look alike when signed but have different meanings.

@ Springer

Also, the two studies noted that physically embodied robots
are way more effective than virtual robots. The effect of sign
language acquaintance is important when interacting with
the physical robot, whereas this effect is not present when
confronted to a virtual robot, since the performance of each
group (with and without sign language acquaintance) had
similar performances with the virtual robot. The main limit
in the usability of the robot in this field of research might be
its limited physical capacities, since it only has four fingers.

3.5.3 Trainer-Assistant

Finally, the last study (12 participants) evaluated the effec-
tiveness of a dancing activity among hospitalised children
[67]. The robot had to demonstrate the movements and the
child had to imitate them. The authors concluded that the
robot enhanced participation and involvement of the child,
probably because of the creativity and active participa-
tion the activity required, instead of following instructions
only. Although, the study noted a decreased of involvement
over the sessions. Long-term studies will be necessary to
assess the effect of long-term interaction with robot teach-
ing assistants.

3.6 Mild Cognitive Impairment and Dementia

Five studies (185 participants) used the NAO robot with par-
ticipants with mild cognitive impairment or dementia. Two
studies focused on intervention among elderly with dementia
or with mild cognitive impairment. The two other studies
were more interested in the interaction between elderly and
the robot (its acceptability) (Table 5).

3.6.1 Robot-Assisted Intervention

Three studies (128) used the NAO robot in interventions
with participants with dementia or mild cognitive impair-
ment. The first study used a memory training program to
assess cognitive functions, e.g. episodic memory, verbal
long-term memory, short-term memory, visual attention, etc.
as main outcome measure [68]. They also measured anxi-
ety and depression symptoms. According to them, the NAO
increased the participants’ attention during the task and
decreased depressive symptoms. The second study focusing
on therapy for elderly with dementia is a comparative study
involving the NAO robot, the Paro and a dog [69]. In this
study, the NAO was compared to the Paro robot, but not with
the dog. Interesting results concerning the NAO were that it
decreased apathy, delusions and irritability. When compared
to the Paro, there is no significant difference between them.
The two studies conclude that a robot-assisted approach
would be a great avenue as a non-pharmacological inter-
vention, since it enhances engagement from the users and
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improves global neuropsychiatric symptoms when a robot
is included in therapy sessions. Even if this robot represents
a good alternative to pharmacological treatments, some
studies are evaluating the use of a NAO robot to perform
a medication sorting task to help people that need to take
multiple medications (see [73]). In another study among
elderly participants, [70] included the NAO robot in the
KSERA system (Knowledgeable SErvice Robots for Aging).
This system is an intelligent apartment containing captors
and intelligent devices to help elder people to live longer
in their home, independently. Although this study did not
imply patients with dementia or mild cognitive impairments,
it is interesting because of the possible avenue concerning
this population. In the study, participants accepted and used
the KSERA system more when interacting with a NAO. It
was perceived as harmless, trustworthy, and comforting. The
NAO robot seems like a good agent to connect the elderly
with the KSERA system and with the external world.

3.6.2 Interactions and Acceptability

The two other studies (57 participants) focused on how the
robot was useful and how the elderly perceived it. In the
first Greek pilot study, they conducted a focus group where
participants experimented the Email-Handler and Cognitive
exercise RApps (see [71] for more information). The results
of the focus group indicate that the robot must be as simple
to use as possible for elderly with dementia or mild cognitive
impairment, so nothing that requires memory like passwords
or complicated commands. It must be clear enough for them
to understand the robot. Nevertheless, participants enjoyed
their time with the robot and found it easy to use. Finally,
an experimental study (49 participants) observed the sub-
jects interacting with the NAO [72]. Most of the participants
enjoyed their interaction with the robot. Also, interestingly,
they pointed out that age and dementia, but not the gender,
influenced negatively the interaction between the user and
the robot.

3.7 Autism and Intellectual Disability

Seven of the collected studies (81 participants) assessed the
utility of the NAO robot with participants diagnosed with
autism spectrum disorder (ASD) or an intellectual disabil-
ity (ID). All the studies on ASD concerned children, and
one of them also assessed adults with ASD. One final study
compared the effects of the NAO robot between ASD and
ID participants (Table 6).

3.7.1 Autism

Six studies (70 participants) assessed the social engage-
ment among ASD participants with the NAO robot. A

@ Springer

first study used a motor imitation task to see how children
with autism would respond. Results were variable and the
authors suggested that there might exist subgroups of chil-
dren with autism that would behave differently to the robot
[74]. Indeed, more recently, [75] proposed three subgroups
with different behavioral response to the robot in their first
study. In this second one, they compared how participants
from each group behaved when interacting with the robot.
Children from the first group had more difficulty to focus
their attention on the robot. The second and third groups
did not switch their attention from the robot to another
stimulus in the environment. The child from the third group
was the only one to interact with the robot (wave back at
it). Also, [78] experimented a joint attention task among
ASD children. The authors observed that when both human
and robot agents used cues like pointing, gazing or giving
vocal instructions, the children’s performance to the task
increased. Albeit, pointing was the most engaging cue, more
than gaze and vocal instructions. Two other studies con-
cluded that the robot facilitated social engagement of ASD
children. In the first one [76], the social engagement was
reflected by an increase in the frequency of eye contact, its
duration and the frequency of verbal initiation. In the sec-
ond research [77], the NAO robot assisted music therapy
sessions for 6 weeks. Over the weeks, the authors observed
that the children increasingly imitated the robot, while the
therapist’s prompts decreased. Then, only one study (32 par-
ticipants) compared ASD children with typical development
(TD) ones [79]. In the NAO robot condition, both groups
had lower performances in a joint attention elicitation task
than in the human condition, although ASD children had an
even lower score than TD ones. The authors proposed that
the NAO robot was less engaging than the human partner. It
was the only study to achieve a more negative outcome from
the NAO robot. All the other studies observed that ASD
children showed interest in the robot. The NAO robot repre-
sents a good avenue for future intervention programs, since
it could be used as an example to imitate or to do modeling
training for ASD children to practice social interaction (i.e.,
eye contact; [76]).

3.7.2 Intellectual Disability

Finally, only one study (11 participants) included adult par-
ticipants with intellectual disability or ASD. In the study,
the authors used interaction activities and a Bingo Musical
activity, executed by the NAO, with participants diagnosed
with ASD or ID [80]. According to the results, patients with
ID do not interact the same way ASD participants do. In fact,
participants with ID showed lower engagement toward the
robot and they had more difficulty to follow the instructions
given by a robot than by a human, whereas the opposite
effect is seen with ASD participants. The main utility of the
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more acceptable by people. In addition, the NAO was used
to assist physical intervention by modeling the movements
to the patients. Although the robot was useful to improve
the quality of the movements done by the participants, the
physical limitations of the robot are still an obstacle, since
some movements were not optimally modeled by the NAO.

The studies in the category of assisted training all men-
tion that using a NAO robot as a teacher or a coach is a great
technology improvement, even though some obstacles are
still in the way. In schools, students seem to appreciate the
contact with the robot. Its efficacy in this field of application
is mainly due to its multimodal interaction, since it uses the
auditive, visual and kinaesthetic modalities when interact-
ing with the students. There are some limits to the robot
in assisted teaching, such as following the learning rhythm
of the children, technical problems and physical limitations
(more important in sign language teaching).

Using the robot in mild cognitive impairment and demen-
tia patients is a promising avenue in future research. As [4]
show in their review on SAR in elderly, they are widely
experimented in this field of application. Although, there
are not that many studies investigating usability of the NAO
robot among this population. The studies presented show a
positive impact of the NAO when interacting with people
with dementia or mild cognitive impairment. It is easy to
use, and it can either be a cognitive trainer or a companion.

Finally, the last category consisted of studies dedicated to
the use of a NAO robot with participants having either ASD
or ID. Using a NAO robot to improve social relations skills
among this population is effective, since modeling learn-
ing. Nonetheless, studies’ results vary concerning social
engagement, since one says the robot enhances it, whereas
another say it does not. More studies are needed to improve
our knowledge on the effect of using a NAO robot with this
population. Also, since the field of research is still new, stud-
ies are developing ways to use the robot to help in the diag-
nosis of ASD (see [81]).

4.1 Limitations

The first limitation of this literature review is the probability
to have excluded or to have not found a relevant article on
the subject. Even if the initial set of studies did not include
that many studies (N =139), there is a risk that some stud-
ies were not spotted or were excluded too quickly. Also, the
fact that we did not have interrater agreement in our study
selection process could be a limitation, even though all the
authors validated the list.

Second, the categories that were made in this review are
totally subjective, which might not be as representative as
other possible categories. In addition, some studies could
have been classified in more than one category, but the

choice was made according to the main outcomes. There-
fore, the reliability of the categories could be questioned.

Finally, even if methodological quality was not an exclu-
sion criterion, some studies do not mention the sex or the
age of the participants, which means that the results must be
interpreted with caution. Also, some sample sizes were very
small and limits the power of the analysis and the results of
these studies.

4.2 Future Research

As mentioned before, SAR is an expending literature and it
will continue to grow in the next years, because of all the
technological advances that are made. In fact, more research
needs to be done in all the field of applications explored in
this review, since new progress is made every day concern-
ing robots. Although, future studies must consider how the
humans interact and perceive the robots, and how the robot
can adapt to the people to create a personalized interaction.
Also, as mentioned in [4], future studies should be more
careful when choosing outcome measures, since perfor-
mance or social interaction components such as laughter or
duration of eye-gaze are not certainly relatable measures.
Finally, the duration of almost all the studies are very lim-
ited, so it would be very interesting to investigate the effects
of a cohabitation with a humanoid robot. Long-term studies
are needed to assess such type of effects.

5 Conclusion

This study focused on one specific robot, the NAO robot.
This robot is a SAR that is used in various contexts because
of it’s multifunctionality. Although its usability presents a
positive avenue, there is still room for progress, whether
concerning the methodological issues of the studies or the
technological improvements that are to come. According
to the studies presented in this review, the NAO robot has
a great potential as a SAR because of its capability to be
adaptative and multifunctional. The NAO seems to benefit to
both the professionals that would use them and to the users
who will interact with it.

Studying human-robot interaction is a complex field of
research. Six categories were defined in the presented sur-
veys: social interactions, affectivity, intervention, assisted
teaching, mild cognitive impairment/dementia, and autism/
intellectual disability. The NAO robot showed both strengths
and weaknesses in these categories. First, social interactions
are essential to be assessed to understand how human-robot
interactions work. It was found that the attitude of the partic-
ipants towards the robot is mainly positive, but this relation
can be modified by the technical errors made by the robot.
Also, reversely, the robot can influence the user’s attitude
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in advertisement. Moreover, the effects of matching per-
sonalities are not clear in the presented results. It would be
interesting to explore other dimensions of the personality
than only extroversion and introversion, as Bechade, Dubuis-
son Duplessis, Sehili et Devillers (2015) tried to do. Sec-
ond, affectivity is a key component in interactions between
users and robots. The NAO robot is an effective platform to
both perceive and express emotions accurately using bodily
embodied expressions. In addition, it can be programmed to
be an empathic robot. Third, as a therapy assistant, results
show that the NAO reduced stress and anxiety in a psycho-
logical therapy. It is also effective in enhancing motivation
among participants, but long-term studies are needed to
clarify this effect. In physical therapy, the NAO is a great
model for the participants to imitate, despite some physical
limitations of the robot, which limit the movements it can
do. Fourth, the robot was an efficient teacher or a coach
assistant. Its greatest advantage is its use of multiple learn-
ing modalities (visual, auditive and kinaesthetic). However,
disadvantages consisted of adapting to the rhythm of the
children, technical issues and physical limitations. Fifth,
with mild cognitive impairment and dementia patients, the
NAO robot seems to be a good cognitive trainer and com-
panion. Finally, concerning participants with ASD or ID,
the NAO robot was very practical in improving social skills
by modeling learning.

To conclude, the use of the NAO robot is very large and
has a great potential, and research still needs to be done to
better understand these constructs. We think that multidis-
ciplinary teams can consider exploiting the robot for more
advanced applications.
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