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Abstract. Educational technology constitutes an importapeesin modern edu-
cation providing unique learning experiences todstis and improving their
learning. Technological resources (especially caems) have been integrated in
education for decades. However, integration of atiacal technology in early
childhood education is a more recent trend comptiréde other levels of educa-
tion. This fact creates the need to develop, agplg study application of re-
sources and methodologies specifically addressgduag children. Artificial In-
telligence approaches have been incorporated toatidnal technology resources
providing improved interaction to learners. In tipaper, Artificial Intelligence
methods exploited in the context of early childhaatlicational technology are
surveyed. The discussion mainly concerns compuwsed learning systems in-
corporating intelligent methods (e.g., Intelligehitoring and Adaptive Educa-
tional Hypermedia Systems) and educational robdtsessed to early childhood.
To the best of the author’'s knowledge, such istia@® not been thoroughly dis-
cussed till now in literature.

1 Introduction

Alan Turing is considered among the researchetddiththe foundations of Arti-
ficial Intelligence (Al). He was the one who propdghe Turing test as the means
of defining the intelligence of a machine [56]. Acding to Turing, a machine is
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considered intelligent if it is able to interacttva human without the human real-
izing that he/she is interacting with a machine.

Artificial Intelligence methods have been appliad/arious domains. An inter-
esting field for Artificial Intelligence is educatial technology. In fact, Artificial
Intelligence methods have been applied in educaltimchnology for some dec-
ades. Educational technology is a broad term.viblires technological resources
and methodologies employed in an educational coimeorder to satisfy specific
educational needs [48]. Educational technology lisydaces emphasis on the
most modern resources without overlooking usefsibueces that are not quite re-
cent. The main purpose is to provide students aadhiers benefits compared to
methods not employing technology. Integrating etlanal technology into an
educational environment can be a challenge. Thegiation process should take
into consideration issues that need to be dealt iwita specific class of students.
Technology may assist in handling specific educeatigroblems or may provide
the infrastructure for activities that could notvhabeen carried out with non-
technological means [48].

There are several reasons for employing educati@tainology [48]. Educa-
tional technology may provide students the motieelgarn as their attention is at-
tracted and they are encouraged to take part atieeeactivities. With the use of
technology, unique features are incorporated ih® éducational environment
such as multimedia-based interaction and visuaizabf problem solving proc-
ess. Technology also supports pedagogical appreatteh as collaborative learn-
ing and constructivism. Educational technology aigjs students with resources
and principles necessary to all members of therinédion Society. Last but not
least, technology may provide the means to conswabols with their communi-
ties [36].

Computer-based learning is a significant aspeceduncational technology.
Computers have been used in education since thas1®5they may be exploited
in several ways by students and teachers workidgvigually and in groups.
However, educational technology usually involvesoebination of resources be-
sides computers in order to exploit the correspaypdiharacteristics and the ad-
vantages offered by each type of resource. Thisspecially the case in early
childhood education. Popular types of technologieaburces used in early child-
hood education besides computers are interactiveeldards and programmable
toys. Game consoles and robots may also becomédguapearly childhood edu-
cation.

Artificial Intelligence methods have been appliaccomputer-based learning in
order to provide enhanced learning experiencesdiffeaal Computer-Assisted
Instruction (CAl)systems are based on shallow representation dfitepdomain,
learner data and pedagogical methods [59]. Itfficdit for them to adjust effec-
tively the learning process as they provide limiteslys of adaptation and learner
evaluation. Intelligent Educational Systems (IEf]) [10], [43] are computer-
based systems incorporating intelligence. IntelliigEducational Systems incor-
porate Artificial Intelligence techniques and meukens. The goal is to model
learners as well as knowledge regarding the tegchibject and tailor learning
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experience to learner needs [43]. Main types délligent Educational Systems
are Intelligent Tutoring Systems (ITSs) and Adaptizducational Hypermedia
Systems (AEHSS) using intelligent methods.

Intelligent robots constitute a popular paradigndificial Intelligence meth-
ods in education besides (computer-based) Intellig@lucational Systems. The
characteristics of educational robots provide athges compared to computer-
based learning systems. Educational robots arenanitous, mobile and come in
different forms. They may express emotions andaedpdynamically to human
interactions. Robots offer unique interaction eigreses resulting in the creation
of bonds with young children. As results of certaindies have shown, young
children may treat robots more like peers rathantimachines or toys.

In this paper, Artificial Intelligence methods eajied in the context of early
childhood educational technology are surveyed. diseussion involves on the
one hand, Intelligent Tutoring and Adaptive Edumadil Hypermedia Systems and
on the other hand, robots addressed to early aoldhTo the best of the author’'s
knowledge, such a survey has not been presenteduilin literature.

This paper is organized as follows. Section 2 coggmeral issues concerning
educational technology in early childhood, Intedlig Tutoring and Adaptive Edu-
cational Hypermedia Systems as well as robots. dilsisussion serves as back-
ground knowledge for the following sections. Setti® summarizes approaches
using Intelligent Tutoring and Adaptive EducatiohBipermedia Systems in early
childhood education. Section 4 presents represeatapproaches integrating ro-
bots in early childhood education. Finally, Secttoconcludes.

2 Background

This section discusses general issues concernihgadldhood educational tech-
nology, Intelligent Educational Systems and ingellit educational robots for
young children. Each issue is discussed in a qoorefing section.

2.1 Educational Technology in Early Childhood: General 1ssues

Early childhood education curriculum covers severgpects such as language,
science, mathematics, arts and special educat®in [Bb], [47]. Early childhood
education involves both teacher-directed and stucemtered activities putting
emphasis on collaboration, constructivism and digeiplinary tasks. Students in-
teract with resources available in classroom dusitngctured and non-structured
activities [46]. Game-based learning possessesnaoriant role as it promotes
collaboration and creativity in an appealing waiyyfoung children.

Various educational technology resources can be usearly childhood. The
term ‘educational technology’ in early childhooduedtion is used in a broad
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sense covering a combination of several typessauees such as computers, in-
teractive whiteboards, digital photo cameras, digitdeo cameras, scanners, pro-
grammable toys, game consoles, robots and vanqes tof software [53], [25],
[47]. Several of these resources are availabledorbe accessed) at home as well
(e.g., computers, cameras, free software, operce@aftware and Web-based ac-
tivities). This gives parents the opportunity t@aaint themselves with their chil-
dren’s educational tools and take part in theildehn’s learning [46].

A significant aspect is the recording of data contgy classroom and home
activities. Devices such as digital photo cameraigo cameras, webcameras, mi-
crophones and scanners may be employed by teachadgnts and student par-
ents for such purposes [47]. The recorded dataiggewaluable information as it
incorporates the views of teachers, students amtest parents. Robots may also
record data concerning classroom and home acsivilata concerning children’s
work on an interactive whiteboard may be also salmdractive whiteboards are
popular in early childhood as they constitute lairgeractive screens facilitating
collaborative work. Whiteboard functionality is d@adle using fingers and mark-
ers and this gives pleasure to young children [#fough the whiteboard, chil-
dren interact with software installed on a conngatemputer without having to
work in front of a computer screen. Programmables tare also popular in early
childhood as they introduce young children to cointechnology. Children be-
come accustomed to inputting, storing and executisgyuction sequences. Pro-
grammable toys assist children in developing mattemal language, compre-
hending concepts involving numbers, direction ardsurement of movements in
space [53], [25], [47]. Results have shown thatngchildren may independently
use aforementioned devices in individual and coltative activities [47].

There is a variety of available software tools added to early childhood stu-
dents. Such software tools are based on multimaslimultimedia items are ap-
pealing to young children and often incorporate gdmased learning. Time-
efficiency is a feature required by software adsiedsto young children. Available
tools involve aspects such as computer literagjtalipainting, math, science and
language. Certain tools (e.g., GCompris, Tux Pdimgwing for Children, Kid
Pix, Tux Typing, TuxMath and Kidspiration) have ged popularity throughout
the world. Table 1 outlines some of the most paptdals as well as their func-
tionality.

Table 1. Certain popular software tools addressed to yalnigren

GCompris Free educational software suite with ntloa@ a hundred activi-
ties regarding every curriculum aspect.

Kidspiration Problem solving and conceptual ungerding in every curricu-
lum aspect through visual learning

TuxMath Game-based math activities

Tux Typing Enhances typing and spelling

Tux Paint, Drawing for Chil-Digital painting tools
dren and Kid Pix




The aforementioned tools require installation aomputer. An important por-
tion of these tools are freely available enablingtallation on any computer.
There are also several Web-based activities (8aya applets and Flash anima-
tions) addressed to young children and most of tbambe accessed without re-
striction. Virtual Learning Environments may beaailsed [47], [46].

Early childhood teachers are required to employiousr multimedia-based
tools. With such tools, teachers may perform tasleh as the following: (a) re-
cording of data involving classroom activities,atmiations and outings, (b) proc-
essing of recorded data, (c) creation of educattiooatent and (d) authoring of
educational applications. Image, audio, video pssitey and animation tools are
used to create and process multimedia items whene#tmedia authoring tools
may be used to create multimedia applications foung children. E-portfolio
tools are also used to collect and manage studantsevements through time.
Assessment in early childhood is frequently basee-gortfolios. Asynchronous
and synchronous forms of communication may be équidoy teachers to estab-
lish a link between home and school [47], [46],][36

Digital games constitute amusing means of leariimgarly childhood. As
game-based learning is an integral part of theiaulum, digital games in early
childhood may vyield significant results. In [42]ist argued that most aspects can
be taught more effectively through digital gameduhsearning. Turing realized
the value of digital games. He worked with a cajleato program a chess game
for a computer. Programming of the game was coraglbtit there were no time-
efficient computers during that period for execgtthe game. In Wikipedia’'s arti-
cle concerning Turing, it is reported that he simedl the computer in order to
play the programmed chess game against two humaarsadies.

2.2 Intelligent Educational Systems

An Intelligent Educational System (IES) is an edfi#ag system personalizing in-
struction to learner’s needs [6], [10], [43], [23he main purpose is to provide (or
guide the learner in accessing) the most suita@alming activities to meet learner
goals. This is achieved with the incorporation ofiffcial Intelligence methods
used to model learner characteristics and knowledgarding the teaching sub-
ject. An IES mainly consists of the following conmgmts: user (or student)
model, domain knowledge, pedagogical module and igerface. The user
model records learner data. Domain knowledge cositééarning content and
relevant information facilitating content retrievalhe pedagogical module pro-
vides knowledge used to tailor instruction basedusar model data. In certain
cases, the IES may also include the expert moasl tesrepresent expert knowl-
edge in the domain. Intelligent Tutoring SystenisS@) and Adaptive Educational
Hypermedia Systems (AEHSS) using intelligent meshace the most representa-
tive types of IESs.



Intelligent Tutoring Systems take into considenatiearner characteristics
(e.g., knowledge level) and customize accordinggspntation of learning activi-
ties [41], [59], [58]. ITSs traditionally lay emps$ia on Artificial Intelligence tech-
niques to achieve their tasks. An ITS should be &blperform tutoring tasks such
as selecting and sequencing of presented learbéngs] analysis of learner re-
sponses to presented items and determining whéstaas= is needed and how to
provide it [41], [43].

Adaptive Educational Hypermedia Systems are spediiji developed for hy-
pertext environments, such as the Web. They usmigees from Adaptive Hy-
permedia to enable a guided navigation to useriadagducational pages. Main
services offered are adaptive presentation of legrcontent and adaptive naviga-
tion by adapting page hyperlinks [8], [9], [40]. ®@pared to ITSs, they offer
greater sense of freedom to learners as they mrdhigim guidance to identify the
most suitable learning activities matching theied® In ITSs, selection and se-
quencing of learning items is performed by systeetimanisms. AEHSs also dy-
namically construct or adapt educational pages @dsm ITSs educational page
contents are typically static [40]. However, it gltbbe mentioned that several
Web-Based Intelligent Educational Systems combit®dnd AEHS technologies
to provide more effective learning activities [10].

Knowledge representation and reasoning is an irmpbissue in IESs. Usually
a combination of Artificial Intelligence methodsrisquired to achieve all online
and offline tasks [23]. Artificial Intelligence nfeids typically used are structured
and relational schemes, rule-based reasoning, bz reasoning, neural net-
works, Bayesian networks, fuzzy methods, genetjorichms [43]. Structured and
relational schemes are used to represent stru@ndatelational knowledge useful
in domain knowledge representation [8]. Rules aeduin several pedagogical
tasks [24]. Neural networks are used to perforresifgation and clustering tasks
involving online learning process and offline arsdyof accumulated data [11].
Fuzzy methods enable representation of vagueneksrarertainty useful in user
modeling [14]. Case-based reasoning provides ecapiexperience useful in in-
structional tasks [12]. Genetic algorithms may beduin offline tasks concerning
optimization of system modules and in online tasksh as sequencing of learning
content items [35]. Hybrid knowledge representafiormalisms integrating two
or more formalisms may also be employed such asor®umbolic rules [45],
[22], [44] and neuro-fuzzy approaches [40].

Prior the advent of the Web, IESs were implemeredtandalone systems.
Nowadays for the implementation of IESs Web-basetinologies are frequently
employed since learning contents are usually ptedetio learners through a Web
browser. In fact, various programming languages tants may be used. For in-
stance, Java and XML were used to implement theesypresented in [11] and
Active Server Pages (ASP) were used to implemenssgistem in [40]. A useful
tool for implementing Web-based IESs is Jess, a based expert systems shell
which is free for educational use [17]. Jess waslder instance to implement the
runtime parts of the expert systems in [24] and.[8§ent-based approaches have
also proven useful in the implementation of IESs.
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Tools may be also used for the offline constructainthe IES knowledge
bases. Quite frequently, the contents of the kndgdebases (e.g., rules, neural
networks) are produced from available datasetsutth cases, tools such as the
free software Weka [20] which includes a collectimhmachine learning algo-
rithms are useful. Matlab also includes a tool tfee construction of neural net-
works. For the construction of hybrid knowledgedsasspecialized tools may be
required (e.g., [21]).

Databases are also required to store data congetiénuser model, domain
knowledge, pedagogical module and expert knowletlyeeducational applica-
tions and especially those involving young childréme-efficiency in data stor-
age and retrieval is a requirement. Obviously wesi®DBMSs can be used for
this purpose. For instance, in SHAIEX [3], [4], [MySQL was used whereas in
INSPIRE [40] SQL Server.

In contrast to other types of learners, IES leayrdantent addressed to young
children should be based on multimedia rather tmatext. This involves all types
of IES activities (e.g., presentation of contentgractive activities such as exer-
cises). For instance, in a multiple choice exertligealternative choices presented
to learners should be multimedia items such as @émagounds, animations or
video instead of mere text. Virtual agents as #] fnd [57] could prove useful in
IESs. Obviously, an IES addressed to young leamegpsires more time and effort
for its implementation compared to an IES addregsedlder learners. In fact,
several phases may be required for the designmaplginentation of an IES to ca-
ter for young children’s needs and preferences [16]

2.3 Intelligent Educational Robots for Young Children

A number of research efforts have been presentdrtholve integration of intel-
ligent robots in early childhood contexts. The preged research approaches
mostly involve robots integrated in a classroontlonical setting.Robots may be
exploited at homes as well. There are also gemesalarch efforts concerning ro-
bot-child interaction in any type of setting suchapproaches regarding methods
for recording and analyzing interaction data. lesting approaches addressed to
children with special needs have also been predente

In classroom settings, robots are mainly used élutanment purposes. Chil-
dren may learn about, from and with robots [54]il@kn learn about robots as
they constitute a technology that according toadenpredictions will be available
in most homes in the near future. Robots may ateashing assistants providing
learning and social activities. Children may aksarh with robots since after long
term child-robot interaction, children may regaothots as peers [54], [55]. Long
term child-robot interaction raises an importarstuss The issue is whether the
child will retain interest in interacting with threbot or not. In the initial period
that robots are introduced to childhood settingis very likely that children will
be very interested in the newly introduced techgicla resource. Afterwards, as
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children become accustomed with the introduced tliheir interest may de-
cline. Therefore, robot designers as well as ratwottent and service providers
should incorporate characteristics ensuring a dynmand rich child-robot interac-
tion.

Robots may record data (e.g., images, videos) eoimgechildren they interact
with. Such data may be incorporated in childrer’pogfolios maintained by
teachers. They could be exploited by teachers §eessment purposes, to record
children’s development, to show them to studenéep@rduring their face-to-face
meetings or to make them available to parents tiirdaternet-based technolo-
gies. Specialized intelligent technologies maysigkie robot in acquiring quality
data [60] and in recognizing/classifying childreacés. Children in cooperation
with their teachers and parents could maintainnasxb data (e.g., data concerning
free playtime activities) using a customized Webduhenvironment [46], [47].
Robots may send data recorded in classrooms tagategough the Internet as in
[28] so that they may obtain information concernthgir children’s activities in
classroom. Obviously robots at home could also d&#l uo record data involving
children’s activities and to make it available éathers and classmates. Therefore,
robots could be exploited to connect homes witlostsh

Robotic technology can be useful in special edooatlyoung children with
special needs require modified teaching methodsemnétonments and the tech-
nological assistance of robots could prove to beebeial. Promising results have
been published concerning young children who aieddl7], with mobility im-
pairments [2] and with autism [19], [51].

In a clinical setting, robots could be useful inesml roles. They could provide
therapy assistance and enable disability detecRmiots may generally record
data concerning children that would have been wtiser difficult, impossible or
time-consuming for clinicians or therapists to mecwith alternative means [51].

In the following, the functionality of certain rotsoaddressed to early child-
hood is summarized. In Section 4, research resaliserning the specific robots
are presented.

The robot iRobiQ is a small robot weighing 7 kg][592 was designed and de-
veloped by Yujin Robot Co. Ltd. in Korea. It is fidefor human-robot interaction
involving gestures and expression of emotions.ak two arms and LCD based
eye units which can be coupled together with th® lift the mouth region to ex-
press facial emotions. Its head contains a canwmraifual interaction. Its soft-
ware runs on an internal computer providing voiod gision capabilities. Voice
capabilities include voice recognition, name cafiagnition, sound source recog-
nition, detection and response to clapping soundsvaice synthesis [52]. Its vi-
sion capabilities include face detection, face,eobjand gesture recognition.
Touch sensors in different parts of the robot’'sybatilitate interaction with hu-
mans. In iRobiQ’s body there is also a touch sctgeb display providing a mul-
timedia-based interface to various functionalitiésnoves using wheels under its
feet and is capable of self-navigation avoidingtaties. It may connect to servers
through networks in order to deliver available emt$ and services.
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Sponge Robot [13] is a small humanoid robot deveddijor playful interaction.

It is based on the Robovie-X platform developedA@aR Robotics and Vstone
Co., Japan. Its height is 37cm and its weight 4skKy. The robot’s shape is thus
similar to that of a human baby. Humans may edstlyt up and play with it.
Among its features are thirteen (13) degrees adfdoen that is, two degrees of
freedom in each arm, four in each leg and onesihead.

Porongbot is a small-sized robot designed for yathilgiren by KT robotics in
Korea. It is intended to provide affectionate antb@onal edutainment to young
children [32]. It can wag its two ears, turn itsadleand move using wheels under
its feet. To receive input from children, the robas an LCD touch screen, touch
sensors, microphones and buttons. The colors afrigbot’'s head, ears and feet
may change. It can also make sounds and displgyubuatn the LCD screen.
Porongbot connects to a server to download edutaihaontent.

PaPeRo is a robot developed by NEC Corporatias.dtsmall-sized robot and
its height is similar to that of young children.Hedro has been designed for inter-
action with children and teachers in classroom®eRa has eye cameras used to
obtain image and movie data involving children #imel classroom. Such data in-
clude children’s facial expressions since the raboeight enables the eye camera
to be in the same level with children’s faces.Htains instructions via touch con-
trol and text messages sent by remote users thrtigginternet. It may also send
data to remote users in a proper form. In [28]epts use cellular phones to send
PaPeRo instructions and receive data regardingrehil

Kibo is a humanoid robot introduced in [31]. It whs 7 kg and its height is
approximately 0.5 m. Kibo has been designed foertsihment purposes. It may
walk and dance with twenty-two (22) joints. It m@gcognize human gestures and
voice and respond accordingly. It may also recagigman facial expressions
and generate its own face expression with movirebeyws and lips. To respond
to events in real time, the robot incorporatesritiisted processing units. There
are also computers outside the robot communicatittgthe robot’s internal units
via wireless LAN.

In [19], two humanoid robots (i.e. Troy and Trevarg developed to assist in
autism therapy in therapy settings. Both of thetis§adefined requirements for
autism therapy. They are semi-autonomous and #rapist uses a specially de-
signed interface to control them. Sequences obr&tmay be programmed and
made available to therapists. They may move objsitts their arms. Troy is an
upper-body robot roughly the size of a four yeat-child. It has two arms with
some degrees of freedom, a large base to holil &rstl a computer screen for its
face. The computer screen enables the therapistainge the robot's face. Trevor
is created using LEGO Mindstorms. It has a face tzanttls and is about the size
of a human toddler.

Tito is a socially interactive robot emulating antanoid shape and approxi-
mately 60 cm tall [37]. It is teleoperated usingedgéss remote control and is de-
signed to help children with autism. It moves usivitgels. Its head and arms may
also move. It may generate vocal requests and pocate pre-programmed be-
havior sequences.
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Roball is a mobile robotic toy in which the robast éncapsulated inside a
sphere [37], [49]. It is addressed to toddlers. &folks therefore capable to move
in an environment filled with various obstacles lsws toys and other objects.
Roball satisfies requirements concerning child-tabteraction since it is small,
light, inexpensive, its fragile parts are protectedide the shell, interaction is
simple and safe and most children previously know ko interact with spherical
objects such as balls. Roball is also useful fadoén with autism due to its sim-
plicity, inexistence of distracting features andligbto perform child-robot com-
munication by touch.

QRIO is a humanoid robot with a size smaller thaahdters and has been de-
veloped by Sony after years of research. It israutmous and able to perform a
range of tasks such as real-time human imitatiadjcaand visual recognition of
humans, dialogues in many ways, walking, runningyging, dancing, singing,
playing soccer and learning [54]. It incorporateseé CPUs. Moreover, remote
computers may be exploited as remote brains ustngmbedded wireless LAN
system. Research results have been presented shtwihyoung children inter-
acting with it regard it as a peer [54], [55].

Table 2 summarizes the characteristics of the Bpeobots.

Table 2. Characteristics of robots used in early childhsetiings

Robot Name Developer Use
iRobiQ Yujin Robot Co. Interaction involving gestures and expression ofem
Ltd. tions, content downloading

Sponge Robot  [13] Humans may lift it up and plaghvit

Porongbot KT robotics Affectionate and emotionaltaghment, content
downloading

PaPeRo NEC Corporation Interacts with childrenchesas, parents, receives instruc-
tions and submits data through networks

Kibo [31] Entertainment

Troy and Trevor [19] Autism therapy

Tito [37] Designed to help children with autism

Roball [49], [37] Addressed to toddlers, movesnrinments filled with
obstacles

QRIO Sony Designed to interact as children’s peer

3 Case Studiesof Integrating IESsin Early Childhood Settings

In this section, specific case studies concerniggration of IESs in early child-
hood settings are outlined. Some of them conceitdren with special needs [57],
[18], [15]. Section 3.1 presents an outline of thkevant approaches whereas Sec-
tion 3.2 discusses the derived conclusions.
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3.1 Outline of IES Approachesin Early Childhood

In [29] an adaptive mobile learning approach fardd@rgarten mathematics is pre-
sented. Learners were six-year-old children. Molgisening (m-learning) has be-
come important the last decade due to the populafimobile devices and ad-
vances in wireless infrastructure that enable utige access to learning services.
The specific approach presents a geometry leargamge for handheld devices
(e.g., PDAs) with a touch screen. The PDAs were @amiPaq PocketPCs. It is
easier for young children to use devices with a&oscreen than computers with a
mouse. The PDAs were wirelessly connected to a ¥éeler. The game provides
simple adaptation to user behavior and the posiésalts demonstrate that a more
complex behavior could provide additional benefits.

SHAIEXx is an adaptive hypermedia system for foreigmguage learning in
early childhood. The system is addressed to thoesix-year-old children. Design
and implementation aspects have been presentedsémies of publications [3],
[4], [16]. The overall development of SHAIEx wasefally designed to include
six phases so that specific early age languageiteaneeds and preferences are
catered for [16]. The phases involved a prelimingtydy of the adaptive system,
development of hypermedia learning content, stdgrmguage learners’ profiles,
definition of an adapted interface, integratiortloé system in an education envi-
ronment and system evaluation. The content andegbatapt to the levels of the
European Portfolio of Languages. The study of laggulearners’ profiles demon-
strated the crucial importance of color, images smahd. Tests also showed that
learner comprehension improved in case a suitadtlérignd or interactive mascot
was employed in the presented topics. Children vasieed to choose and color
their favorite characters. SHAIEx supports adapipresentation and adaptive
navigation. Adaptation is based on aspects sudarggiage, activity difficulty,
age, learning style and knowledge level. In comnttasisual AEHSs, the content
presented by SHAIEx is multimedia-based to accormatethe needs of young
children. The pedagogic domain consists of didagtits such as ‘hello’, ‘the
body’, ‘home’, ‘the family’, ‘toys’, ‘food’ and ‘sbool’. The activities for each
unit concern presentation, interaction, evaluatind review. Games were also in-
corporated in the system involving aspects suclolgsct selection, counting,
matching, coloring and body identification. Rules amployed to decide the next
task to perform. The system architecture is Weletha¥he learner accesses the
activities with a Web browser. The user interfaseimplemented with Adobe
Flash. The system functionality is executed on gmohe Tomcat Server. Java
Servlets are executed to provide adaptation. Theeseside also includes a
MySQL database storing the user model, the pedagtmgnain, tasks and rules.

SHAIEX has also been used to teach English vocabtdayoung Iranian chil-
dren [1]. Forty (40) six- to seven-year-old childithat had no prior knowledge of
English participated in the study. Twenty of themrgvtaught using SHAIEx and
the rest of them with traditional teaching methddse study lasted forty-five (45)
days and consisted of three 90 minute sessionsvpek. Results on subsequent
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vocabulary tests showed that children using SHAN&® a higher mean score in
tests compared to the other children. This indicalbe success of SHAIEX. The
study also showed that children using SHAIEX ledrimea much more entertain-
ing and amusing way than the rest of the children.

In [57] IESs using animated and conversational gedecal agents for indi-
vidualized tutoring or therapy are presented. Tpenés are used to teach reading
and to conduct speech therapy. They are able katal listen to users providing
real-time feedback. They are intended to behaveeraotess like sensitive and ef-
fective teachers or therapists. The systems werelalged with the assistance of
experts and were deemed as very believable anfuhblp users. The user inter-
acts with the systems via mouse clicks, keystrokespeech. The systems adapt to
the user skill level and behavior. Virtual speebbrapy systems for four inde-
pendent treatments concerning Parkinson’s Diseagdeaphasia were developed.
Furthermore, virtual tutors for reading instructiseading assessment and assis-
tive services were developed. By integrating suictual tutors in kindergartens,
improvements in letter and word recognition werngoréed. The systems are de-
signed to be deployed on the Web. Rules were usezptesent the learning proc-
ess and expert knowledge. The architecture consfsépplication, communica-
tion and common components. Application componentre designed in
collaboration with experts and include applicatioterface and data (e.g., rules,
user data and media objects). The communicatiorpoaents involve perceptive
and generative system capabilities (e.g., charaménation, automatic speech
recognition and reading tracking). The common comemts are written in Java
and connect application and communication companent

In [18], LODE, a logic-based web tool for deaf dnén is presented. LODE
was the first e-learning system in the contextexdfcchildren literacy intervention
to address global reasoning on whole e-storieis. difficult for deaf children to
read and write due to the fact that they are niotudated by continuous oral
communication. A specific aspect requiring interti@m in young age is the diffi-
culty in comprehending global reasoning such agpteai reasoning between ver-
bal language episodes. LODE employs constraint raroming [5] to perform
automated temporal reasoning and assist childrémfénring correct temporal re-
lations in stories. The system provides famousdchil e-stories. A child chooses
an available story and also responds to relevamdorgng exercises regarding
comprehension and production. The difficulty andllgnge inherent in presented
exercises varies according to the correspondintigmoof the story and the child’s
previous interaction results with the system. Inmpeehension exercises,
(in)consistent temporal relations connecting s&wgnts are constructed with the
assistance of the automated reasoner and thehasltb select the consistent ones
with the story. In production exercises, childree asked to compose sentences
from scattered sentence units involving the stditye composed sentences de-
scribe a temporal relation consistent with theystamd LODE provides sugges-
tions to correct sentences with grammatical ermrdéemporal inconsistencies.
LODE employs visual learning strategies using eartoand images to assist chil-
dren in story narration and exercises. Textual spatial visualization techniques
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in which images represent events are used. Indkxtisualization, images are
connected with an arc labeled with a temporal imtatn spatial visualization, the
spatial position of images along the timeline digsitheir temporal relation.

In [15] an Adaptive Braille writing Tutor (ABT) isnhanced by incorporating
ITS methodologies. The Braille language enablesdiy for the visually im-
paired. Learning to write Braille is difficult at riequires many hours of tedious
work. Difficulties in the case of young childrerchease due to required physical
and mental exertion as well as delayed feedbackvdtten text compared to
sighted students. ABT was developed at Carnegie loMelUniversity
(http://www.techbridgeworld.org) and uses audiodfesck to provide guided
practice for young children learning to write Blailin ABT, an electronic slate
and stylus monitor student’s writing and transnatadin real-time to a computer
linked via a USB cable. Each letter is represeiat®@ combination of six dots of
the Braille cell. Software based on received datalypces immediate audio feed-
back to the student. ABT is implemented in C++. Phaposed ITS for incorpora-
tion in ABT consists of the five usual componentdT5s. Domain knowledge
contains the right combination cell dots for eagtiek. The pedagogical module
includes two types of individualized instructiomseta-strategies involving the
overall teaching process and instructional strategivolving teaching methods
for a particular concept. The expert model reprisserpert knowledge in writing
a specific alphabet. The user interface is primdrdised on audio feedback de-
pending on student characteristics such as ageirewdnd level of progress. Re-
corded teacher voice and synthetic voice is useféetback for very young and
older children respectively. Sounds encouragindesttiare used when progress is
recorded. The student model is based on the sy@aipproach which performs
classification to a small number of classes basedtodent input. It is reported
that the plans were to implement the designed ITS.

In [30] the notion of sharing behaviors generatgdghme users is described.
Designers of games may provide mechanisms to @ethe construction of be-
haviors without programming. Game users could shateviors constructed by
them, play with them or against them. The reseawmisiders educational games
for preschoolers and sports games. The reseatmdsed on the author’s previous
research on MindFarm Al technology that enablesbiei construction by teach-
ing. Behaviors are easy to construct, transferrabtereusable. The study on edu-
cational games involves Animal Class, a pre-scigaohe in which users play the
role of teachers by teaching virtual pets (e.gtpgses) conceptual structures
concerning their curriculum (e.g., geometric shapestual pets may be used in
different competitions. Even six-year-old childriound it easy to teach virtual
characters. Competition of their characters agaiest friends’ characters was an
interesting aspect of the approach. Children waterésted in watching their con-
structed characters in other games.

Table 3 outlines key points of the aforementionggraaches.
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3.2 Discussion of Derived Results

The specific approaches cover different aspectaity childhood education and
thus it is difficult to compare them. However itirgeresting to point out certain
useful conclusions.

The approach presented in [29] demonstrates thaalje handheld devices
with touch screens can be convenient for childeeruge in order to access e-
learning content and services wirelessly. Suchpgmaach could become more in-
teresting with the advent of new generations oftgile devices such as tablet
PCs. Robots with a touch screen (e.g., iRobiQ)daldo be used for this purpose.

Table 3. Key points of case studies integrating IESs imyearildhood

Case Study Key Points

Adaptive mlearning for Easier for young children to use devices with aloscreen than
kindergaten mathematiccomputers with a mouse. The positive results detratesthat a
6-year-old learners [29] more complex behavior could provide additional tigsie

SHAIEX, a multimedia- Several design and implementation phases. Suppdafgtive pres-
based AEHS, foforeign entation and adaptive navigation. It is multimeblégsed and incor-
language learninf], [4], porates games.

[16]

SHAIEXx teaches EnglishSHAIEx games contributed in improved results ofdren in vo-
vocabulary to Iranian  cabulary tests. SHAIEx digital games are more éaiténg and
children [1] educative compared to other teaching methods.

IESs using conversationAfjents teach reading and conduct speech therapydprg real-
pedagogical agents [57]time feedback. Improvements in letter and word gedton re-
ported.

A logic-based web tool Assists deaf children’s temporal reasoning in eissoconcerning
for deaf children [18]  verbal language episodes

ITS in an Adaptive BraillEnhancement of ABT with individualized instructiougiite heljful
writing Tutor [15] in developing countries

Sharing of user-generaté&hildren easily teach virtual pets. Virtual petsyrteke part in dif-
behwiors in games [30] ferent competitions, compete friends’ pets, take ipeother games.

An important aspect in IESs integrated in earlyldtfood involves digital
game-based learning. The importance of digital ghased learning was briefly
discussed in Section 2.1. Most of the presentedoagpes incorporate (to a cer-
tain degree) the aspect of learning games. Theoapbrdiscussed in [29] involves
geometry learning games to present mathematicalepas to young children in
an amusing way. SHAIEX incorporates various garhasih practice were found
effective in teaching young children [1]. The apmb presented in [30] focuses
specifically in games and goes a step forward coetpt the other approaches as
it involves children teaching virtual charactersl aharing them.

Collaborative learning is considered important arle childhood education.
Most IESs usually do not focus on collaborativern@sy. It could be mentioned
that the approach presented in [30] incorporatdiatmarative learning. Collabora-
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tive games could thus be one way of incorporatwifaborative learning activities
in IESs addressed to young children.

Children with special needs usually require eamkgrivention to enhance their
skills. IESs such as the ones presented in [58],4hd [15] could play an impor-
tant role in this context. More IESs covering aiddial needs could be imple-
mented as well. For instance, no results concerfhiagise of IESs in the learning
of children with autism have been presented tiwn®n the contrary, robots have
proven useful to children with autism.

Animated and conversational pedagogical agentsdcprdve fruitful in early
childhood education as shown in [57]. Virtual agecduld constitute the counter-
part of robots. More approaches concerning viraggnts could be tested in the
future.

Long term evaluation of the presented approachdscamparison with con-
ventional teaching methods are also required. ltlvbe also interesting to obtain
evaluation results from young children in differaduntries as in the case of
SHAIEX.

Young children and teachers could also use intemethiteboards to access
IES services. Such an approach has not been pedsilhhow. Touch screens of
robots connected to networks could provide anradiitre means of accessing IES
services.

It should be mentioned that none of the presenpgdoaches involves student
parents that is, the presented approaches wermmbyed to link classroom and
home activities. Parents would probably be intex@s$d try out certain of the IES
services (such as games).

E-learning systems addressed to young childrenllyszansist of interdiscipli-
nary activities. The presented IESs mostly invdamguage (e.g., SHAIEX, [15],
[18] and [57]) and mathematics (e.g., [29]). Matladim activities (e.g., counting)
are also incorporated in certain SHAIEx games.r&&ds a domain for which in-
teresting e-learning systems have been developeithel presented IESs, science
aspects are covered in interdisciplinary activisash as in games incorporated in
SHAIEx and in [30]. Obviously, more IES activiti@®ncerning science and
mathematics could be developed.

For obvious reasons, the IESs addressed to youhtyeshare based on multi-
media technologies. Web-based technologies weteeatployed in certain of the
approaches such as SHAIEx and the approaches dsan29], [18] and [57].
Web-based IESs may be also accessed by childrepaaadts at home.

Finally, an interesting aspect is that not manysiEBfdressed to early child-
hood have been developed till now. This means d¢hally childhood education
could become a domain in which fruitful results lcbbe produced by IES re-
searchers and developers.
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4 Case Studies of Robot Integration in Early Childhood
Settings

In this section, specific case studies concernimggration of robots in early
childhood settings are outlined. The case studiespeesented in the following
four sections. Section 4.1 presents approachegratieg robots in typical early
childhood classrooms. Section 4.2 discusses apipesaovolving young children
with special needs. Section 4.3 outlines genenatagthes concerning robots and
young children. Section 4.4 discusses derived cemmhs.

4.1 Approaches I ntegrating Robots in Typical Early Childhood
Classrooms

In [27] results of using intelligent robot iRobi@ early childhood education are
presented. The robot was used as teaching asdistalil five-year-old children
attending two kindergartens and two childcare asnt€hildren interacted with
the robot for about one hour everyday over a peoibdbout two weeks during
spring 2009. Children and teachers were intervieteerecord their experiences
with the robot. The results showed that educatioobbts may possess contents
and functions that promote socio-emotional intéomst among children and ro-
bots. The indications show that such content amdtfons should be developed
for educational purposes. Robots seem to be mtgetiee when they are in class-
rooms, close to children and used by individuatBeathan by groups.

In [52] iRobiQ provided educational services maiimythe domain of language
teaching for kindergarten children. The approacts pmphasis on the concept of
ubiquitous network robot that is, a robot combinthg advantages of ubiquitous
network technologies and mobile characteristiceobbts. Through network tech-
nologies contents and services developed for thetrmay be downloaded from
servers and exploited in various contexts. Diffetgpes of services that may be
developed for the robot include basic services. (@lgoto, video database infor-
mation), information services (e.g., news, weatiret cooking information), edu-
cation services and entertainment services (eagygoke, games, media player).
Education services addressed to early childhoodathn involve storytelling,
sing alone, phrase and word train. The resultxploiing the robot in classroom
were very positive. They showed that a robot witldibectional interaction such
as iRobiQ improves young children’s linguistic &k especially in aspects such
as story making, story understanding and word neitiog. Children’s degree of
active and adaptive behavior increased. Childreo aiteracted with the robot
with increasing familiarity (e.g., they spoke tadaouched the robot).

In [28] the robot PaPeRo is exploited to providgnaironous network-based
communication among parents, nursery teachers hitldken. In this approach,
the notion of remote control of a robot for remotdlaboration is explored to en-
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able collaboration of parents, teachers and childak times suitable for each
other. Synchronous communication may not be alveagsitable medium to link
parents with teachers and children as they may H#fexent daily schedules [28].
In the specific approach, parents use cellular phert messaging as a communi-
cation tool since this form of communication is eenient. The overall architec-
ture includes a platform to link the robot to pasérellular phones through con-
version of text messages to action commands orersion of data acquired by
the robot to text messages. Parents may send ageeswicating a request or
even a desired action their child should perforrthihe robot. The message is re-
ceived by the robot. The teacher at a suitable tinggers the robot to follow the
parent’s instructions (e.g., play with the childremhe robot's cameras acquire
image and movie data concerning the children (&gial expressions during ac-
tivities). The teacher at an appropriate time #iggthe robot to send the requested
data to parents’ cellular phones in a proper fagrg.( movie file links). Therefore,
a two-way communication is established throughrtimt. On the one hand, par-
ents send messages and requests concerning teackechildren. On the other
hand, teachers send data concerning children’sitiesi in classroom. The ap-
proach was evaluated in two nursery facilities eaefolving six young children
and their parents. In each facility, trials were@xted for about two hours on se-
lected days. Questionnaire results from parentEabed their positive responses
to the trials.

The approach presented in [28] could be integratigl an active recognition
photography system (ARPS) for child-care robotshsas the one presented in
[60]. ARPS was implemented based on intelligenthinetogies for network-based
robots connected to servers. It can be used tageauality photographs of chil-
dren at classrooms to their parents. ARPS consfgthoto evaluation and photo
classification modules. The photo evaluation modeNaluates picture quality
based on detected face features. The photo evatuaiddule may be also used to
control a robot to adjust its posture so that aqplglity pictures of children faces
are taken. The photo classification module recamand classifies faces in pic-
tures using stored face pictures. Taken picturesstored in databases and for
faces not recognized the teacher supplies the rtisidefo. The approach was
evaluated for two months in a nursery with thintyet(32) children from three to
four years old. The network-based robots actindeasher assistants employed
were AnyRobot | and Il developed in Samsung Eletits® These robots were
remotely controlled with devices such as remotepaers and PDAs.

In [26] a study concerning the daily use of iRobif@m kindergarten students
during their free playtime is presented. Observasessions were conducted for
twenty-three (23) children from the three-year odlass and for twenty (20) chil-
dren from the four-year old class. The involvedetiperiod lasted three months
i.e. from December 2008 till February 2009. Prefmyaactivities were carried
out before the robots were introduced. Furthermmbot zones and utilization
rules were established. Therefore, when robots vikreduced, children and
teachers were adequately prepared for effective safie interaction as well as
creation of close relationship. Teachers may kesséd when young children are



18

given free access to classroom resources suchvesas, interactive whiteboards,
computers and robots. They are concerned abouleatsi damages or malfunc-
tions. Also the price of certain resources may Xgeasive. Experiences of chil-
dren’s use of robots and other resources have shwatnvith appropriate prepara-
tion and instructions, children are able to indefeanily and safely exploit robots
and various other types of resources. Robot aigtiwere accepted by children as
readily as any other new activity. Throughout thee¢ months, no changes were
recorded in the utilization time and frequency abats meaning that children re-
mained interested in robots during a long periddildgen interacted with the ro-
bots in small groups but usually in pairs due ® ¢mall size of the robot and its
LCD screen. The roles that children assumed wimteracting with the robots
were similar to roles assumed in other play adtisi{e.g., principal user, assistant
user and observer). Age and gender did not infleghe children’s interaction
with robots. A general conclusion is that in ortieeffectively exploit characteris-
tics of robots such as mobility and automaticityidg their interaction with chil-
dren, appropriate robot stimuli and contents nediktdeveloped.

In [31] preliminary results concerning introductiohthe humanoid robot Kibo
to a kindergarten during a robot show are presefited experiments were based
on Kibo's characteristics such as choreographytugesecognition, facial recog-
nition and expression as well as voice recognitiewur robots were used demon-
strating synchronized motion. The teacher stadecbmmmunicate with the robots
using a microphone. During the conversation, theher asked the robots to begin
choreography along music. The robots followed vaieructions in a synchro-
nized manner. They also reacted to teacher posamésfacial expressions and
also synchronized their lips and facial expressions

In [34] an approach to a robot personalized to esttidraits is presented. The
approach combines robot and ITS technologies.d$ wisual and vocal data con-
cerning a student to adapt contents provided lpbatraccording to the student’s
needs. Robot sensors enabling to a certain degs&s such as voice recognition,
face recognition, recording of facial expressionsl #ody motions can be ex-
ploited to evaluate learning process. Accordinthevaluation based on human-
robot interaction, the proper contents are seledtbd overall architecture is net-
work-based. Besides the robot, it consists of anrearver containing robot learn-
ing contents and an agent server. The agent segeives student profiles from
the robot which are stored in a database. Baseddualent information, it acquires
proper learning content from the main server armhsts it to the robot. The robot
uses the received content in the learning procébsthe student and obtains in-
teraction data submitted afterwards to the aganesén order to perform student
learning evaluation.

In [61] the results of a study concerning the ratey of computer utilization
by young children to their use of education rokaes presented. Such a correla-
tion could be considered possible due to the feat tobots usually have an LCD
screen presenting e-learning content just like agams. The study involved three
early childhood classes of three-, four- and fieauyold children. When the study
was conducted, the iRobiQ robot had been usedesetlthree classes for about
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eight months. Three classes were studied to idengiationship between com-

puter and robot utilization according to age. Rissshowed that although com-
puter utilization skills differed according to thge of students, there was no dif-
ference in robot use at any age. This implies ithateasier for younger children

to interact with robots compared to computers. Harmore, children’s traits in

using computers were not related with the corredpantraits in using robots.

More specifically, computer utilization frequencgdacapability were not corre-

lated to robot utilization. It seems that robot rategeristics such as mobility, ges-
tures, sounds, facial expressions, vocal and vise@gnition overcome certain
computer limitations.

In [55] results of an extensive study involving isdization between toddlers
and robots are presented. The study involved 184tmonth-old toddlers and the
robot QRIO. There were forty-five (45) hourly sess spanning five months re-
corded with video cameras. The videos were studietlanalyzed for two years.
The young age of children enabled researchersdwsfon social interaction not
much dependent on speech. In addition, childresuelh a young age do not have
preconceived notions of robots. The study consistethree phases. During the
first and third phase, the robot used its full hebal repertoire while interacting
with children. During the second phase, the roba$ wrogrammed to produce in-
teresting but predictable behaviors. During thstfand third phase, the quality of
interaction between toddlers and robot was highrirfiguthe second phase, the
quality of interaction declined meaning that todsllpreferred interacting with the
robot when it exhibited its entire behavior repeeoThe children did not lose in-
terest in the robot throughout the prolonged tireeqal of five months. Moreover,
the children’s haptic behavior towards the robaigpessively changed and re-
sembled behavior towards a peer. The children’sabaod care-taking behavior
towards the robot was very different compared twrthbehavior towards control
toys used throughout the sessions. The resultsatitly showed that the robot
was close to autonomously bond and socialize watlmg children for significant
time periods.

QRIO can also be used for dance interaction witldllers in a classroom envi-
ronment [54]. In fact, QRIO supports various daimteraction technologies from
non-autonomous choreographed dance to autonomausTaro modes are sup-
ported for the autonomous dance technologies: emiss and passiveness. In the
passive mode, QRIO reacts to the outside motigrdeide motion imitation with
the partner. In the active mode, QRIO spontaneonmslyes to maximize the in-
formation for the presence of a reactive partnativiness is based on contin-
gency detection formulated by Bayesian inferenceehl-time dance interactions,
the robot is also able to include emotion expressid-acial expressions and
whole body gestures can be used to express emofdomsng others, neural net-
works and reinforcement mechanisms are employethi®task.

Table 4 summarizes results derived from the afontimeed approaches.
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Table 4. Summary of approaches integrating robots in tygilzessrooms

Case Study Key Points

iRobiQ as teaching assistant, 111 five-y&mbots seem to be more effective when in class-
old children in two kindergartens and tweooms, close to children and used byividuals.
childcare centers, two-week study [27]

iRobiQ for language teaching in a kinde€hildren’s linguistic abilities improved especiaity
garten [52] aspects such as story making, story understanding
and word recognition.

PaPeRo in two nursery facilities, 12 chil-Robot provides asynchronous network-based com-
dren and their parents [28] munication among parents, nursery teachers and
children.

Active recognition photography system, Photo evaluation and classification, provision of
AnyRobot | and Il in a nursery with 32 quality photographs of children at classrooms o pa
children from three to four years old, twoents.

month study [60]

iRobiQ, 23 three-year-old children, 20 foGhildren remained interested in robots during @lon

year-old children, three-month study [26period. Children usually interacted with robots in
small groups but usually in pairs, roles similar to
those assumed in other play activities.

Kibo introduced to a kindergarten duringRour robots demonstrated synchronized motion and

show [31] facial expressions, followed teacher’s voice instru
tions and reacted to teacher’s postures and fexial
pressions.

Robot personalized to student traits [34]  Studeritgal and vocal data used to adapt con-
tents provided by a robot according to student’s
needs, network-based architecture.

iRobiQ in three early childhood classes dthere is no relationship between computer and robot
three-, four- and five-year-old children, utilization.
eight-month study [61]

QRIO, 18- to 24-month-old toddlers, vidédhroughout the 5 months, children retained interest
camera recording, five-month study [55]in the robot. The robot was close to autonomously
bond and socialize with young children for sig-
cant time periods.

QRIO, dance interaction with toddlers inRobot supports dance interaction technologies rang-

classroom environment [54] ing from non-autonomous choreographed dance to
autonomous one. Robot expresses emotions during
dancing.

4.2 Robots and Young Children with Special Needs

In [2] an approach to train toddlers seated on teatmbots to steer using force-
feedback joystick is presented. The main purposth@fapproach is to train in-
fants with special needs that display limited inetegent walking. Mobility im-

pairments limit the typical development of a cHiilddering exploration and social
contacts and thus negatively affecting life qualftiie hardware in the experiment
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setup consisted of a mobile robot, sensors andr@e-feedback joystick. The

study involved toddlers that on average were thingnths old. Separate driving
experiments were performed for ten typically depelg toddlers as well as two

toddlers with special needs. The two toddlers wfibcial needs were a two-year-
old with spina bifida and a three-year-old withedmal palsy. The first child had

good control of hand movement lacking the abiliiywalk and balance himself

whereas the second child had decreased contraraf movement and coordina-
tion. The results were positive for all groups ofldlers. More specifically, the

toddlers with special needs were able to learnakerturns and follow lines after

five non-consecutive days of training. The learehdvior was displayed several
days after training and also in different configioa and location.

In [19] requirements for robots in autism therapd @reliminary trial results in
a clinical setting are presented. The purposeafitfined requirements for robots
and user interfaces are to provide guidelines irelb@ing robots that will effec-
tively assist child autism therapists. Robot degigquirements defined concern
functionality and appearance, safety and autondeagh type of robot exhibits
different characteristics, advantages and disadgast and thus robot design re-
quirements enable a robot to perform desired th&raptivities. As far as auton-
omy is concerned, it should be mentioned that flisteneed to have certain con-
trol on the robot and so autonomy to a certain elegs desired. The user interface
should be friendly to therapists, responsive, fitxiand controlled with a (pref-
erably small) handheld device. The researcherd bmud humanoid robots (i.e.
Troy and Trevor) that satisfied the defined requieats. They present preliminary
trial results for Troy. Troy has been tested witlo typically developing children,
a four-year-old boy and a three-year-old girl. Rssconcerning the children’s so-
cial interaction with Troy and the clinician weresitive. Promising preliminary
results involving two children with autism are alsesented. The two children
showed interest in Troy and a higher degree ofateon with the therapist com-
pared to sessions without Troy.

In [37] socially interactive mobile robots are ppted such as Tito and Roball.
For instance, Tito was used in trials conductedabysycho-educator with four
five-year-old children with autism. Tito recordsdastores the timing between its
interactions with a child. Preliminary results shthat Tito becomes an incentive
for the child.

In [51] issues concerning the use of social robotdiagnose, treat and under-
stand autism are discussed. The discussion is mas¢ldree years of integration
and immersion with a clinical research group at Yade Child Study Center
which performs diagnostic evaluations of children &utism. A person with au-
tism is characterized by social and communicativpairments. Diagnosis is
based on a child’s social skills such as eye-toggze, facial expression, body
posture and gestures. There have been variougstadowing that a robot moti-
vates and engages children. However, an argumeheagsearch is that when in-
teracting with robots, persons with autism may display a behavior such as the
one expected by typical persons. This aspect sHmiktudied and taken into con-
sideration. For instance, a pilot study involviggital and autistic preschool chil-
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dren’s interactions with ESRA, a simple robot getiag facial expressions, was
carried out. Children reactions to two robot coiodi (i.e. a contingent and a non-
contingent condition) were studied. Typical chilureere attentive to the robot
only in the contingent condition whereas childreithvautism responded with at-
tentiveness to both robot conditions. The reseatah introduces quantitative, ob-
jective metrics of social response to handle aatidagnosis problems. Metrics
concern passive and interactive observations. Vassnsing can be performed by
social robots and relevant metrics involve detectid gaze direction, position
tracking and vocal prosody. Socially interactivdbats with certain autonomy
provide the opportunity to effectively obtain infieation concerning children’s
social behavior. A clinician could possibly obta@levant information in similar
quality and quantity only with extensive work.

In [7] a robotic dog was used for pre-orientatiowl &nteraction of toddlers and
preschoolers who are blind. The robot used was @ifrad Sony Aibo to suit in-
teraction with the blind. The results showed thatyvyoung children who were
blind were able to operate the robot. A difficalsk in robot operation for persons
who are blind concerns connection and disconnecifdhe recharger. The use of
distinctive texture solved this problem. Very yourtgldren who were blind due
to their interaction with the robot became moreavagtexcited and engaged into
playful learning activities. The results show thalbots can be used in an educa-
tion environment at least as assistants for pewjiledisabilities. For people with
low vision, language and text presentation is ingottr In this context, robots can
also act as human-computer interface enhancingsibdéy. In a constrained en-
vironment, robots could be used in autonomous \&hfor individual transport of
people who are blind and restricted to a wheelrchai

In [33] a robot-assisted observation system foldchn with autism was devel-
oped. The system was developed for a specializedekjarten for developmen-
tally disabled children. The system consists of gt robots, a handheld device
(e.g., PDA) used to input data concerning obseraati video cameras with mi-
crophones to record data and a remote server totanaia database with recorded
data. Experiments were conducted three times pek i@ three months. Chil-
dren with autism interacted with the robots andrded data was transmitted to
the database. The system provides efficient inftomgrocessing and facilitates
data analysis (e.g., statistical graphs are pratjuéairther data analysis facilities
could be provided but the successful trial in thelkrgarten demonstrated that the
observation system is useful for education enviremis

Table 5 summarizes results derived from the aforgioreed approaches.

4.3 General Approaches Concerning Robots and Young Children

In [32] scenario-based behavior design concernimgetavork-based robot is ex-
plored. The robot used in the research is Porondgbm#nario-based design was
used to extract basic scenarios and detailed dosnawncerning robot behaviors
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and user responses during human-robot interacfippropriate tasks (e.g., turn
on/off, play with) for the derived scenarios wetlsoadefined. Behaviors were
evaluated via computer simulation according toghwarameters: sociability (i.e.
robot’s easiness in generating dialogues), actiiigz how intense robot move-
ments are) and agreeableness (i.e. how kindlyabhetbehaves). Robot behaviors
should be diverse, understandable, appropriateitient situations and coherent
with personality profile. Scenarios were implemenite the form of scripts and a
behavior selection model was implemented. The ambravas implemented and
evaluated through a simulator.

Table 5. Summary of approaches involving robots and childvéh special needs

Case Study Key Points

Training of toddlers that display limited ifFoddlers seated on mobile robots are trained &r ste

dependent walking, tested with a tvand eusing force-feedback joystick. The learnt behavior

three-year-old child [2] was displayed several days after training andialso
different configuration and location.

Troy and Trevor in autism therapy, Troy Two children with autism showed interest in Troy
tested with two children with autism [19]and a higher degree of social interaction with the
therapist compared to sessions without Troy.

Tito, four five-year-old children with au- Preliminary results show that Tito becomes an incen

tism [37] tive for the child.
Social robots used to diagnose, treat andintroduction of quantitative, objective metricssof-
understand autism [51] cial response to handle autistic diagnosis problems

Socially interactive robots with certain autonomy
may effectively obtain information concerning chil-
dren’s social behavior.

Robotic dog for pre-orientation and inter&tery young children who were blind were able to
tion of children who are blind [7] operate the robot and became more active, excited
and engaged into playful learning activities.

Robot-assisted observation system for clitte system provides efficient information proceg
dren with autism in a specialized kindergame facilitates data analysis.

ten, experiments conducted for three

months [33]

In [50] requirements and specific tools for extethdeiman-robot interactions
with children as subjects are presented. More 8palty, special recording and
analysis tools are required. The study of humamfraiieraction may become so-
phisticated and in the specific research the facas on extended interaction se-
guences. There are multiple recording devices,(semsors, cameras) producing
data (e.g., facial expressions) from multiple viemps. The time scale of events
varies and certain behaviors (e.g., changes irgaye) may occur within seconds.
All data needs to be time-synchronized to congtimitonsistent source for analy-
sis. Furthermore, the large amount of (audio adéa) data produced needs to be
automatically annotated. Manual annotation wouldtd® time-consuming and
certain important details from the multiple sourecray be missed. Therefore,
tools based on computer vision algorithms that woalitomate detection and
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documentation of behaviors are required. The rebeas mention solutions they
have developed for recording and analysis. Forrdiceg, they present a scalable
system based on seven cameras and microphonesch aufdio and video data is
automatically synchronized and timestamped. A teghnwith appropriate con-
trol interface was developed enabling robot contsola concealed human opera-
tor so that the person interacting with the robeitdves it is totally autonomous.
Two analysis tools are presented. One analysispamiesses video data to pro-
vide annotations involving head pose and eye gahe. other tool provides a
framework for combination of visual data so thatan be explored by other ap-
plications and tools across a common timeline. pilesented tools were used to
record and analyze interactions of four- to eighdiyold children with a robot.
Such tools are necessary to robot designers, tesaane therapists. For teachers
specifically the need for such tools is twofold. e one hand, teachers need to
study and evaluate educational technology usedassmom. On the other hand,
analyzed recorded data could be used in educatauhérs to new practices [38].

In [13] full-body gesture recognition for interamti with a small robot (i.e.
Sponge Robot) is investigated. An aspect that lddbeen considered prior this
research concerned full-body gestures that ispgestffecting the whole body of
the robot (i.e. position and orientation). A snaaid light humanoid robot needs to
recognize such gestures because people will pick &nd interact playfully with
it by hugging, shaking and moving it around. A rbbbould be able to respond to
such interaction to create bonds with humans #ratts with. The specific re-
search identifies corresponding gestures and piesenystem for their recogni-
tion. Data to identify gestures was collected e¢search institute and a university
from participants interacting playfully with thelrot. Video recording was used to
record more than a thousand gesture instancesntgtligent system based on
Support Vector Machines was developed to learn fiteencollected data and per-
form gesture recognition. It should be mentionedt tbertain gestures have a
stronger effect than others whereas certain gestare interpreted in different
ways.

Detailed results concerning Roball are presentdd9h In this work, require-
ments concerning child-robot interaction are definRoball satisfies such re-
quirements. An adaptive algorithm was developedaftapting Roball’s behavior
to the received interaction so that children’s camioation with the robot is rein-
forced. For instance, according to the interaciiois receiving, the robot may
simply wander, avoid obstacles, make noises, pmdpeech or go faster. Roball
was used to study toddler-robot interactions. Rbeharacteristics attracted the
interest of young children and demonstrated thebriwotion capabilities are re-
quired in child environments. Trials with young Idnén were conducted in the
lab and in typical environments for children. Aatrivas also conducted at a high
school.

In [39] a humanoid robot was developed that damtesal-time with sponta-
neous and dynamic movements in synchronism to miisi@s the first approach
in which a robot dynamically danced in correspomdeto music rhythm. The
overall framework consists of two main modules: asio analysis and a robot
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control module. The music analysis module is based/larsyas, an open source
software framework for audio analysis and synthesmphasizing to music sig-
nals. This module perceives music rhythm. The ratmttrol module reacts to
rhythm data sent by the aforementioned module arsg¢hsor data to promote dy-
namic dance movements. The researchers mentionhgiatfuture plans involve
the issue of multi-robot dance that is, the synaization of multiple dancing ro-
bots.

Table 6 summarizes key points of general approacbeserning young chil-
dren and robots.

Table 6. Summary of general approaches involving robotsyamnshg children

Case Study Key Points

Porongbot, scenario-based design [32] Scenariosecomg diverse, understandable, ap-
propriate and coherent robot behaviors were de-
signed, implemented and evaluated through a simula-
tor.

Tools for extended human-robot interac-Tools and algorithms for scalable recording, syn-
tions, used to record and analyze interachronization, automatic annotation of interaction
tions of four- to eight-year-old children data.

with a robot [50]

Sponge Robot, gesture recognition [13] Full-bodstges recognition for small and light ro-
bots

Roball [49] Requirements concerning child-roboémattion are
defined. An adaptive algorithm was developed for
adapting Roball's behavior.

Real-time robot dancing [39] Real-time robot symctization to music rhythm.
Dynamic dance movements achieved based on |
analysis and sensor data.

4.4 Discussion

A general comment that can be made concerning sobatarly childhood settings
is that several approaches have been presenteayantpldifferent types of ro-
bots. A direct comparison among the approacheifisult to be made but certain
issues can be pointed out.

A requirement to assess the effectiveness of iategy robots in early child-
hood education concerns evaluation of the redudtsg term interaction of young
children with robots could highlight advantages &ndtations of robotic technol-
ogy. Some of the surveyed approaches involved terrg child-robot interaction.
Such were the approaches presented in [26] andtii@t]involved integration of
iRobiQ in classroom activities for a time periodtbfee and eight months respec-
tively. Furthermore, in [55] it is mentioned thdtildren interacted with QRIO for
five months, ARPS was used for two months [60] an{B3] experiments con-
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cerning the presented observation system were cteditor three months. In cer-
tain approaches, the total duration of interactias brief. For instance, in [31]
robots were introduced to a kindergarten duringans There are also approaches
for which the total duration of interaction is moentioned.

For evaluation purposes, data regarding child-rattetraction needs to be re-
corded and extensively analyzed by teachers anerexim robotic technology. A
set of video cameras and microphones are necefgsaigcording data. Handheld
devices such as PDAs or tablet PCs could be ugafihputting observation data
perhaps to a database hosted on a remote senjeAf&dysis of recorded video
and photo data concerning child-robot interacti@rexplicitly mentioned in cer-
tain approaches (e.g., [55], [13], [60]). The mestensive analysis of recorded
video data seems to involve young children’s irtBoa with QRIO [55]. Chil-
dren interacted with QRIO for five months but asiyof recorded data was car-
ried out for two years. Moreover, in [13] it is ntiemed that more than a thousand
gesture instances were recorded in video. As tindysof child-robot interaction
may turn out to be a time-consuming and sophigtec@rocess, special recording
and analysis tools are required such as the omsemed in [50]. Useful ideas in
this context could also be found in the observatgstem described in [33]. A
system such as ARPS could also be used in thiepsan evaluate and classify
photos [60].

Closer correlation of robot-assisted learning watrly childhood education
curriculum is also necessary. In [31] it is menédrthat iRobiQ was successful in
improving children’s linguistic abilities in spetifaspects. Children’s communi-
cation skills were also enhanced with robots egfigdn the case of children with
special needs. Research on other aspects suchtlasnmmagics and science is also
required.

Several of the approaches explicitly mention tgstin classroom environ-
ments. Such approaches were for instance the amsented in [27], [52], [28],
[60], [26], [34], [61], [55], [54], [31], [33] and49]. Certain of these approaches
such as the ones presented in [27], [28], [26][&4dl explicitly mention testing in
different classes and/or different facilities. Sastaluation results would be useful
for the generalization of the reached conclusions.

As mentioned in Section 2, educational technolagearly childhood usually
involves a combination of technological resourdédest of the approaches do not
describe how a combination of robots and otherrteldyical resources (e.g.,
computers, interactive whiteboards, programmabjs)twere effective in enhanc-
ing different learning aspects. This is a missingpin most of the surveyed ap-
proaches. Combination of robots with other techgiolal resources is presented in
approaches involving observation, recording andyaisa(e.g., [33], [50]).

Some type of robot and computer functionality camakion is described in cer-
tain approaches. More specifically, computer fuovddiity is provided to learners
through robots. This could be an interesting rededirection. Robots connected
to networks such as iRobiQ, Porongbot and the aasepted in [34] could pro-
vide contents and services hosted in remote conmptdestudents. Moreover, ro-
bots with a touch screen provide to a certain degmmilar functionality to com-
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puters as they are able to display software agpita and receive inputs from
students. For there reasons, the research presenigt] explored the relevancy
of computer and robot utilization by young childrén analysis comparing the
effectiveness of computers and robots in enhangimgng children’s learning
would be interesting.

A further comment that can be made is that moreagmhes concerning inte-
gration of robots in early childhood settings h&ween presented compared to the
approaches discussing integration of (computerd)adgeSs in corresponding en-
vironments. It seems that more researchers areingpii the field of robotics in
early childhood. Furthermore, even very young akiddmay interact with robots
whereas with IESs this could be more difficult. iliteresting approach with diffi-
culties in its implementation could be the combmaiof robotic and (computer-
based) IES technologies as in [34].

An interesting aspect involves the form and sizeobbts that have been inte-
grated in early childhood settings. The size ofrtitmots is small so that young and
very young children may find it appealing to intravith them. Most of the ro-
bots have some type of humanoid form. Such robesRobiQ, Sponge Robot,
PaPeRo, Kibo, Troy, Trevor, Tito and QRIO. Troy wiasd in autism therapy and
differs from other humanoid robots as it has a cat@pscreen for its face. Robots
in the form of pets have also been used in earihbod (e.g., [7]). Roball is
quite different from robots described in the otherveyed approaches as it is en-
capsulated within a sphere. Roball signifies thiffeent robot forms than the
‘usual’ ones may be explored. Requirements conegri@arners and learning en-
vironment need to be carefully studied when impleting robots. Children with
special needs may impose different requirements frobots as their reactions
may differ from other children. Roball and SpongebBt are robots that young
children are able to lift up. Specifically, SponBebot has been developed for
playful interaction when lifted up and differs frasther robots in this context.

Certain robots were developed especially for chiidwith special needs. Such
robots are described in [2], [19], [37], [51], [@hd [33]. Some of these robots in
spite of being developed for children with speaiakeds were also tested with
typical children (e.g., [2], [19], [51]) to recodifferences in children’s reactions.
There are no explicit reports concerning interactaf certain robots such as
QRIO, iRobiQ, Sponge Robot, Porongbot, PaPeRo ahd With children having
special needs. In [49] it is mentioned that Robatlsfies requirements of children
with autism.

The surveyed approaches concern young children avithriety of ages. Cer-
tain approaches concern very young children. Mpeei§ically:

¢ In [55] QRIO interacted with 18- to 24- month-otwtllers, in [2] the study in-
volved toddlers that were on average thirty momtas(i.e. two to three years
old), in [7] the robotic dog interacted with vergung children.

¢ iRobIQ in [26] and [61] and Troy in [19] interactedth three- and four- year-
old children. This was also the case for the siad0] involving ARPS also
concerned three-year-old children.
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e In [26] and [61] iRobiQ interacted with four-yealdachildren and in [19] Troy
was tested with a four-year-old child. ARPS in [@Bjolved four-year-old (be-
sides three-year-old) children.

e The approach in [28] was evaluated in nursery ifasl thus it probably in-
volved children under five.

e In [27] and [61] iRobIQ interacted with five-yealdochildren and so did Tito
in [37].

e In [31], [52] and [33] Kibo, iRobiQ and the robatsasted observation system
respectively were used in a kindergarten and thespecific research probably
involved children who were at least five years old.

¢ In [50] interactions of four- to eight-year-old tdren with a robot were re-
corded and analyzed.

In total, it can be mentioned that approaches ptedein [55], [2], [7], [26],
[61], [19], [60] and [50] were tested with childrender five. The approaches pre-
sented in [27], [61], [37], [31], [52], [33] and b were tested with children who
were at least five years old. Certain approachgg, (0], [61]) were tested with
children under five as well as with children whoreveat least five years old.
Roball in [49] was also successfully tested inghtschool setting. Perhaps certain
robots discussed in the surveyed approaches cdsddbe used in elementary
schools.

5 Conclusions

This paper discusses issues regarding applicafigxrtificial Intelligence meth-
ods in early childhood education. The discussiamlires Intelligent Educational
Systems (i.e. Intelligent Tutoring and Adaptive Ealiional Hypermedia Systems)
and robots. Such a discussion is useful to Aréfi¢htelligence researchers and
practitioners, educational technology researchads @actitioners, teachers, un-
dergraduate and postgraduate students.

Research work in early childhood educational tetdgpis not yet as exten-
sive as in other levels of education. Approachesesed in this paper demon-
strate that fruitful results may be produced byormporating Artificial Intelligence
methods in early childhood education. Results fehavn that children are moti-
vated in taking part in learning and social adtgtand remain interested in the
technological resource even in long term interactépproaches enhancing liter-
acy of children with special needs have also beenessful. An important aspect
is that learning goals are achieved.
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