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Abstract

Introduction: Recently, there has been an increase in
the use of eye-gaze digital games in the field of
education. Many studies have underlined that eye-gaze
digital game use plays an important role in supporting
students with intellectual disability. Digital game-
based learning (DGBL) or educational games have the
potential to provide effective, powerful learning
environments in which disabled learners need to
develop or improve cognitive skills.
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Meroa: I'naBHnoT dokyc Ha OBa HCTpaXKyBame € Jia ja
HCTpa)XH yJorara Ha JUTHTAIHHTE UIPH KOHM Cce ympa-
ByBaaT CO TOIJEA NpH MOAOOPYBAMETO HA MOTUBALM-
CKHTE CIOCOOHOCTH M CNOCOOHOCTA 3a 3aApKyBame Ha
BHHUMaHMETO Kaj nuuarta co Per cunnpom (PTT). Ilepecer
v aBe uTanujaHcku maumentku co PTT (cpemna Bpen-
Hoct=12.10, C/I=8.7) yuyecTByBaa Bo OBa MCTpaKyBame,
30 Gea nen ox rpymnara 3a TpetMaH M 22 yekaa 3a Blie3 BO
rpynara 3a TpetmaH. Hue kopucteBMe criopenGeH au3ajH
Tpe/I-TECTUPAbE-TIOCIe-TECTHPALE CO LE Jia Ce yTBpAAT
OeneduTuTe 01 yuemeTo Koe ce 6a3npa Ha JUTUTATHHTE
HrpH Bp3 MapaMeTpHTe 3a MOTHBALMja M 3a/ip)KyBambe Ha
BHUMaHHeTo. Bo (hazute Ha mpep-TecTHpame H IHOCHe-
TECTHPAmbE, HEBPONCHXOJOIKUTE M OUXEBHOpATHHTE
napameTpu Oea U3MepeHH co ynotpeba Ha TEXHOJOTHja
3a cieiele Ha okoTo. Bo mpumor Ha Toa, MepkuTe 3a
3a/ipXKyBambe Ha BHHMAHHETO M MOTHBALMjaTa Ce MpoLe-
HeTH BO JBeTe (asu. Bo (azarta 3a yueme, Ha yyecHH-
uuTe UM Oea NpeTCTaBeHH JUIUTANHH UTPH KOU Ce ynpa-
ByBaaT CO TOTJIEJ], IPETXOHO HHCTATMPAHH BO CIEayoT
3a oun Tobu cepuja-1. Urpute kou ce ynpaByBaaT co
norsnes 6ea nozieeHy Ha neT HuBoa: [loBp3yBame co LpH
expan, IlomectyBame Ha mpeamerd, 30HCKO (hoKycH-
pame, AKTHBHO MCTpaxXyBamwe 1 KoHTponupano tapreru-
pame.

PesynraTu: Pesyntature ykaxyBaaT Ha ojo0pyBame Ha
nepdopMaHcuTe 3a 3a[p)KyBalbe Ha BHUMAHHE M MOTH-
Ballyja.

Ilpensio3u u 3akiydok: Jluckycuja 3a pe3yiTaTute BO
HACOKA HA HHMBHA MMIUIMKALMja 32 TOJJPXKYBame Ha
ynotpebata Ha AMTHTAJTHUTE TPU KOM C€ YIpaByBaar Co
norje[ BO edyKaljaTa M yYemeTo Ha MpeIMEeTH Kaj
ymuata co PTT.

Knyunu 36opoeu: Peiti cungpom, Yuere koe ce b6asupa
Ha guuitiantuiie uzpu, KOZHUIUBHA (YHKIUOHATHOCIT.

Boged

VyemeTo koe ce 6a3upa Ha gurutannute urpu (DGBL)
ce ofiHecyBa Ha ymoTpeba Ha KOMILYTEPCKH WIpH NpH
yuemero u exaykanujara (1). Kommjyrepckure urpu
NPUMapHO Ce AM3ajHUpaHy 3a 3abaBa HojeKa edyKaTHB-
HHUTE UTPHU CE KOPHCTAT 32 YUYEHE WIIH Pa3B0j Ha BELITHHH
(2). Ynorpebara Ha xommjyrepckute urpu 3a DGBL,
reHepajHo, ce HMEHyBaaT Kako ,eAyKaTUBHM HIpu‘.
Osue J1Ba BUJ]a UTPH CIIOEITYBAAT MHOTY TEXHHYKH KOM-
TNOHEHTH, HO C€ pa3MKyBaaT BO HamepaTa 3a HMBHaTa
ynotpeba 1 BO IM3ajHOT HAa HUBHATA COAP)KUHA.

Method: The main focus of this study is to investigate
the role of eye-gaze digital games in improving
motivational and attentional abilities in subjects with
Rett Syndrome (RTT). Fifty two Italian female patients
with RTT (mean = 12.10 years, SD = 8.70) participated
in the study, 30 in the treatment group and 22 in the
awaiting treatment group. We employed a pre-test-
post-test comparison design to evaluate the benefits of
digital game-based learning on attention and
motivation measures. In both pre-test and post-test
phases,  neuropsychological ~and  behavioural
parameters were measured using eye tracker
technology. In addition, attentional and motivational
measures were both evaluated in these two phases. In
the learning phase, participants were presented with
eye-gaze digital games, pre-installed in the Tobii
Series-I eye-tracker. Eye-gaze games were divided into
5 levels: Blank Screen Engagement, Object
Displacement, Zoned Focusing, Active Exploration
and Controlled Targeting.

Finding: The findings indicated a performance
enhancement in attention and motivation.

Suggestions and Conclusion: The results are
discussed in terms of their implications for supporting
eye-gaze digital game use in education and learning in
subjects with RTT.

Keywords:  Rett Syndrome, Digital game-based
learning, cognitive functioning.

Introduction

Digital game-based learning (DGBL) refers to the use
of computer games in learning and education (1).
Computer games are primarily designed for
entertainment purposes while educational games are
intended to learn knowledge or skills development (2).
Computer games for use in DGBL are generally
termed ‘educational games’. These two types of games
share many technical features, but differ in their
intended use and design of content.
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DGBL e nu3ajHupaHo 3a fa I Haydd JIyfeTo Ha Clie-
LM(UIHA CrIOCOOHOCTH, 3alBPCTYBAMmbE HA Pa3BOjoT, pas-
OHpame Ha HCTOPHCKH HACTAHU WJIH KyITYpHH TEMH, HIH
Jia UM TIOMOTHE BO yuemeTo fofieka urpaat (3-5). omon-
nurenHo, DGBL Mosxe na ce feduHupa Kako MeanyM 3a
3a6aBa KOj € CO3/lajieH J]a NMpHIOHeCe 32 KOTHHTHBHHUTE
npomenu Kaj urpayure (1, 6).

Jaxute ctpanu Ha DGBL ce muory u paznuunu. IpBo,
elyKaTUBHHTE MTPH MOXE A TOMPIXKYBAaaT MYJITHCEH-
30pPHOCT, AKTHBHOCT, HMCKYCTBO, Y4E€H€ 3aCHOBAHO Ha
npobiaeMH, THE MOXKE Ja NMPOMOBHpAaT aKTHBALMja Ha
NPETXONHUTE MO3HABama aKo Urpauute Tpebda jJa ynor-
pebaT uHQopMAaIMK KOM MPETXOAHO T'M HAydmie 3a Ja
ofat yekop morope. Bropo, THe o6e30enyBaaT MoMeH-
TaneH (unbek, 0BO3MOXKYBajki UM Ha Mrpayute Ja Hay-
yaT OJi HMBHMTE AKTHBHOCTH. TpeTo, THE MOXe Ja Tro
TPOMOBHPAAT Pa3BOjoT Ha Pa3IMYHU BELUTHHH, KAKO LITO
ce KPUTHYKO Pa3MUCIYBame, BELUTHHH 3a PellaBambe Ha
npofneMH, crocoGHOCT 3a 3aApiKyBambe Ha BHHMAHHETO
(7-8).

DGBL c¢ nouecto ce KOpHCTH MOMeTy JIHLaTa co Tornpe-
YeHOCT, HO M Jipyrute nuua. OBue urpu Hajyecto Gapaar
ynorpeba Ha TAcTaTypa M KOMIIjyTEpCKO IJIyBYe Kako
cTaHzapiHH ypenu 3a uHmyT. Kora BakBara ynotpe6a He
€ COOJIBETHA 32 KOPUCHUKOT CO MONpPEYEHOCT U JIMYHOCTA
CO TOTPEYEHOCT MMa 1o0pa KOHTpOJIa CO HETOBUTE OYHH
MYCKYJIH, flofieka yroTtpebaTa Ha ApyriuTe MOTOPHH Myc-
Kyl € u3rybeHa, BO3MOXKHO € MHOTY e()eKTHBHO Jia ce
KOPUCTH TIOTJIENOT KAaKO MHTEpaKiyja CO JUTHTAIHUTE
urpy. Tlornenor e MHTEpaKiyja Koja BKIyyyBa caMo efl-
HOCTAaBHO TJIe[lalbe BO EKPaHOT N0feKa JBWKEHETO Ha
OYHTE IO 3aMEHyBa JIBIDKEHETO HA KOMILYTEpPCKOTO
TIIyBYE.

3ronemeHa e ynorpebata Ha JUIUTAIHH UIPH KOH ce
ynpaByBaaT CO TOIJIEA BO TONETO Ha 00Opa30BaHHETO.
MHory HcTpaxcyBama yKax<yBaaT 1eka yrnoTpeb6ata Ha
JWTUTAJIHM MTPH KOM CE YNpaByBaaT CO MOINEA, Wrpa
rojemMa yJjora BO MOJpIIKATA HA YYEHHILUTE CO HHTe-
nektyanHa nonpeyetoct (9-11). Tlopaau oBue npuunHH,
JUTHTAIHUTE MTPU KOH CE yNpaByBaaT CO IOIJIEH MOXE
Ja OUaT MOHYAEHHM KaKo TOTEHLMjaHO CPEICTBO 3a
y4eme Kaj JIuiaTa co MonpeyeHocT, Kako 1ITO Ce JINLaTa
co Per-oB cunppom (PTT).

PTT e HapyuryBame Ha HEBPOJIOIIKHOT Pa3Boj Koj € Tipe-
nusBukan of Mytaiuu Ha MECP2 reHot koj uMa Biuja-
Hue kaj okoiny 1 o 10.000 ponenu xencku gena (12-16).
Knuanykute MaHA(ECTALIMN MOXE 11a BKJTy4yBaaT TELIKU
JIMHTBHCTHYKH M MOTOPHH OLITETYBama KOH CE CPXKTa Ha
¢enorunckure cumnromu (17-20). Heponomkute ab-
HOPMaJHOCTH ce pe(ieKTHpaaT Ha HEKONKYy OuxeBHO-

DGBL has been designed to teach people specific
abilities, reinforce development, understand a historical
event or a cultural topic, or assist them in learning a
skill as they play (3-5). In addition, DGBL can be
regarded as an entertainment medium designed to bring
about cognitive changes in its players (1; 6). '
The strengths of DGBL are many and varied. Firstly,
educational games can support multi-sensory, active,
experiential, problem-based learning; they can promote
activation of prior knowledge given that players must
use previously learned information to advance.
Secondly, they provide immediate feedback, enabling
players to learn from their actions. Thirdly, they can
promote the development of various skills, such as
critical thinking, problem-solving skills, attentional
abilities (7-8).

DGBL is becoming more used among both able and
disabled people. These games assume the use of a
keyboard and a mouse as standard input devices. When
this use is not appropriate for users with disability, and
the individual with disability has good control of their
eye muscles while fine motor control of other muscle
groups is lost, it is possible to use eye gaze for
interacting with digital games very effectively. Eye
gaze is an interaction which involves simply looking at
the screen whereby eye movement replaces mouse
movement (5).

There has been an increase in the use of eye-gaze
digital games in the field of education. Many studies
have underlined that eye-gaze digital game use plays
an important role in supporting students with
intellectual disability (9-11). For these reasons, eye-
gaze digital games can be proposed as a potential
learning tool for disabled people, such as subjects with
Rett Syndrome (RTT).

RTT is a neurodevelopmental disorder mainly caused
by mutations in the MECP2 gene affecting around 1 in
10,000 female births (12-16). Clinical manifestations
can include severe linguistic and motor impairments
that are the core of phenotype symptoms (17-20).
Neurological abnormalities are reflected in several
behavioural and cognitive impairments such as
stereotypies, loss of speech and hand skills, gait
apraxia, irregular breathing with hyperventilation while
awake, and frequent seizures (21-27).
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palHU ¥ KOTHUTHBHM OLUTETYBama, KaKo ILTO CE CTepeo-
THUIIHTE, 3aryba Ha TOBOPOT M BEIITHHHTE CO paleTe,
arpakcuja, HeperyJapHo JMIIeke CO XHUIEpPBEHTHIALH]ja
Jofileka JULETo € pa3dyaeHo W MMa 4YecTH Hamaju
(21-27).

W noxpaj TBpemaTa Jieka HEBPOJNOLIKATE 3aCHOBAHH
KOTHUTUBHM M OWXEBUOpaNHH HeULMTH Kaj WHIU-
Buyute co PTT e Terko a ce mpoMeHaT wiu nofobpar,
HEKOJIKY HCTpa)KyBarba MMaaT MOoKaXaHo JieKa JIMLaTa co
PTT Moxe na MOCTUTHAT MOBMCOKO Pa3BOjHO HUBO BO
KOTHHTHBHATa 00JIaCT OJ OHa IUTO € MPETXOJHO BOCHO-
CTaBeHO BO Jurtepatypata (23, 28-34), co ymotpeba Ha
KOTHUTHBHA pexabunurauuja. Ha mnpumep, TNOHOBHTE
HCTpa)KyBama YKaXxyBaaT neka neBojummara co PTT
TNOKaXyBaaT 10J00pyBamke Kaj CENeKTHBHOTO BHUMAHKE,
BO CMOCOOHOCTA fa Ce TPENno3Hae BpeMEHCKa M TIPOCTop-
Ha BPCKa M HaMalyBame Ha roTpebHaTa oMol 3a Bpeme
H TI0CJIe KOTHUTUBHOTO 3ajakHyBame (35).

Kako u fa e, ynorpe6ata Ha AMrMTAIHUTE MTPU KOM e
ynpaByBaaT co mornef 3a juuara co PTT cé ymre e
HeucTpaxkeHa obnact. Criope HalMTe T03HaBamba, BO
HHUTY €IHO UCTPaXyBame HE ce YNOTpeOeHH AUrHTalIHU
UrpU KOM ce ynpaByBaat co mornen kaj PTT cy6jexrute
BO HHTY €[Ha Of e[yKaTWBHHTE W/WIM pexabuiuTa-
nuonnte obnacty. IToBeketo ucTpayBama, Kako LITO €
HaBENEHO IIOrope, BOBEJE TPajHIMOHATIHA TOJJPILKA
Wiy mioryie]| (KaKo IITO Ce TEXHOJOTHHUTE 3a Clelehe Ha
OKOTO) 3a TMOJApIIKA U OJIECHYBame Ha KOMYHHKAIM-
CKHTE W KOTHUTHBHMTE CIOCOOHOCTH Kaj MH/IUBHIYHTE
co PTT. Uako nnausuayure co PTT umaat MHory crenu-
(MYHM KapaKTepHCTHKH, NpHA0OUBKa OU Ouile JUruTan-
HHUTE UTPH KOM ce YNpaByBaar Co IOTJIe]] U Kaj JIIaTa co
PTT. 3achoBano Ha noteHumjanot Ha DGBL u eexrus-
HOCTa Ha TEXHOJIOTHMHTE 3a TOIJIES, TIABHATA L) HA OBOj
TPYZ € Jia Ce TPOYy4H yJorata Ha AUTUTAIHUTE UTPH KOHU
ce ynpaByBaaT CO ITIOIJIE]| BO NMONOOpYBamETO Ha MOTH-
BAILlFICKHTE CIIOCOOHOCTH M CHOCOOHOCTA 33 3a/ipIKyBarbe
Ha BHUMaHMeTo Kaj peBojummara co PTT. TlocebHo,
HalaTa 1en 6elue 1a MpoLeHHMe [any UMa MPOMEHHU HIIH
MOAH(UKALMKM BO CIOCOOHOCTUTE 33 3ajipXKyBame Ha
BHUMaHHETO M MOTHBaLMcKuTe crocobHocth kaj 30 cy6-
jexktn co PTT, mocne TpueceTMuHyTHa ymotpeba Ha
JUTHTaNHA UTPH KOHM CE YNpaByBaaT cO TOTJIE] BO TeET
JIeHa BO HeJieNaTa, 3a MEPUO O YETUPH MECELIH.

Ypenu 3a cnefieme Ha OKOTO 61iIe KOPHCTEHH BO MCTpa-
)KyBamaTa 3a eIyKaTHBHHTE WIPH BO HACOKA Ha aHAIH-
3Upame Ha IIEMHTEe HAa BHUMAHHE Kaj AHTHTATHUTE HIpH
KoH ce ymnpasyBaat co nornes (36). Hekou aBropu, ucro
TaKa, ja IpoLeHmIe eeKTHBHOCTA HA BUPTYENIHATA OKO-
JIMHA BO UTPHTE NPEKY aHaNu3a Ha BU3YEIHOTO BHUMAHHE

Despite claims that the neurologically based cognitive
and behaviour deficits in individuals with RTT are
difficult to change or improve upon, several studies
have shown that subjects with RTT can reach higher
developmental levels in the cognitive area than those
previously established in literature (23; 28-34), with
the use of cognitive rehabilitation. For example, a
recent study has indicated that girls with RTT show an
improvement in selective attention, in the ability to
recognize temporal and spatial relationships and a
decrease in the amount of help needed during and after
cognitive empowerment (35).

However, the use of eye-gaze digital games for people
with RTT is still an unexplored field. To our
knowledge, no study has used eye-gaze digital games
with RTT subjects in either the educational and/or
rehabilitation area. Most research, as mentioned above,
employed traditional supports or eye gaze (such as eye
tracking technologies) to support and facilitate the
communication and cognitive abilities of individuals
with RTT. Even though the individual with RTT has
very specific characteristics, it would be beneficial to
use eye-gaze digital games also in RTT. Based on both
the potential of DGBL and the effectiveness of eye-
gaze technologies, the main purpose of the present
work was to study the role of eye-gaze digital games to
improve attentional and motivation abilities in girls
with RTT. Specifically, we aimed to assess if there
were modifications in attentional and motivation
abilities in 30 subjects with RTT, after the use of eye-
gaze digital games for thirty minutes for 5 days a week
for four months.

Eye tracking devices have been used in research on
educational games, in terms of analysing attention
patterns within an eye-gaze digital game (36). Some
authors also evaluated the effectiveness of virtual
environments in games through the analysis of visual
attention using eye tracking (37-38). Furthermore,
several studies (39-41) supported the hypothesis that
the analysis of eye-tracking parameters, such as
fixations and saccadic movements during the
performance of certain tasks, is related to attention
abilities. For all these reasons, in the present study, we
measured attention through the eye tracking
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CO KOPHCTEH:E Ha Halpasa 3a ciefiekhe Ha okoTo (37-38).
ITonaramy, HekoJKy HcTpaxcyBama (39-41) ja moampiky-
BaaT XMIOTe3aTa fieka aHalu3aTa Ha MapaMeTpuTe 3a
Clefiele Ha OKOTO, Kako 1ITO ce (uKcamujata u oTcey-
HUTE JIBWXKEHA 33 BpEME HA H3BE/lyBame Ha HEKOH
3ajiauy, ce MOBP3aHH CO CNOCOOHOCTAa 3a BHHMAHHE.
[Topanu cute oBHE MPUYMHH, BO OBA HCTPAXKYBamhe, HAE
ro M3MepUBME BHHMAHHETO IIpeKy Napamerpute 3a
Clefiere Ha OKOTO, IOJDKMHATA Ha (uKcauujata 1 6pojor
Ha (uKcalmjara.

Bo ozHOC Ha MOTHBALMCKHTE CIOCOOHOCTH, TELIKO € Ja
ce YTBpAHM CTENEHOT Ha MOTUBALMja kaj Jmuata co PTT,
Ounejku HUBHUTE KOMYHUKATUBHH CHIOCOOHOCTH Ce Hao-
faar Ha mpe wiM npoto cumbonuuko HuBO (42). Kako
METOZIOJIOIIKH PE3yaTaT, KPHUTEPUYMOT 3a AeUHHpame
Ha CTEMEHOT Ha MOTHBALMja 4eCTO YKaXKyBa Ha JIBOjHA
nHTepakimja (6nMM3MHATa HA TEJOTO CO KOMYHHKAIH-
CKMOT TMapTHEp WM LeNTa 33 CTUMYJI) HAcOueHOCT (oye-
KyBame Ha OWXEBHOpDAIHM TPOMEHH Kaj NApTHEPOT W
u3pasyBame Ha 01aroapHOCT 3a OCTBAapyBambe HA LEJH-
Te€), AMPEKTHOCT (HAcOYYBAamE HA OJJHECYBAETO KOH
ojUleNHa JUYHOCT) M (amujanHa ekcmpecuja (43). Bo
NpUIOr Ha TOa, 3HALUTE HAa MOTHMBAaLMCKa Bo30yna
BKJIydyBa IIPOMEHH BO aKTHBHOCTA Ha HEBOJEBHMOT
MoTOpeH (aBTOHOMHHOT) cucteM (44). 3atoa Hamaiy-
BAalbETO MM 3TOJIEMYBAHETO HA IMYJICOT M KOXHHOT
TNIPOTOK Ha KpBTa (BLPBEHYBAkE UM CTAaHYBAKETO Oien)
HCTO TaKa MOXE Ja MpOCJIeAyBaaT Pa3IMYHU EMOLHO-
HaJHA WM MoTuBaumcku (asu. Ha mpumep, memara Ha
TICHXOJIOIIKK OJITOBOP Ha cpeka ce KapaKTepusupa co
3rojieMyBame Ha cpleBuTe (MyJICOT) M eIeKTpoaepMall-
nure aktuBHocTH (EJIA) (45). [lopamu oBue npuynHH, BO
0Ba HCTPaXKyBame, HUE I'M M3MEPHBME MOTHUBALUCKHUTE
€rocoOHOCTH BO Hacoka Ha a)eKIMOHUTE (MHAEKCOT Ha
cpeka) u neuxonomikute (myncot u EJIA) onrosopu (46).
Jlpyra 1ien Ha oBa HCTpaxKyBame Oellle 1a ce aHanu3upa
Jand pe3ynTaTMTe 3a BHAMAHMETO W MOTHBALMCKHTE
MEpKH Ce OrpaHHYEHH 3a OBHE OOJIACTH WM HanH THe
MoJKaT Jia Oumat reHepanu3MpaHy Kaj MHIHBHIyaTHHTE
(yHKIMOHAIHY BEIITHHH.

Memodu

YdecHuuu

Bo nctpaxyBameTo yuecTByBaa 52 MTaNHMjaHCKU cybjek-
i co PTT. Bo3pacta Ha ydyecHHIUTE ce JBUXKH Of 2 JI0
33 ropnnu (cpenna BpenHocr=12.10 rogunn, CJI= 8.70).
YuecHUIUTE ce perpyTHpaHu O UTaIHjaHcKaTa AcOoly-
jaja 3a Pert, Koja i KOHTAaKTHpa CeMejCTBaTa Ha TalH-
GHTUTE W TU Tpala Jajiy cakaaT pa Oujat fen oj oBa

parameters, fixation length (FL) and fixation count
(EC).

With reference to motivational abilities, it is difficult to
determine the degree of motivation in persons with
RTT, as their communicative abilities are mostly
situated at a pre- or proto-symbolic level (42). As a
methodological result, criteria to define the degree of
motivation usually imply dyadic interaction (bodily
proximity of the communication partners or stimulus
target), purposiveness (expecting behavioural changes
in the partner and expressing appreciation in attaining
the goal), directionality (directing behaviour to another
person) and facial expressions (43). In addition, signs
of motivational arousal involve changes in activity of
the visceral motor (autonomic) system (44). Thus,
increases or decreases in heart rate, (blushing  or
turning pale) can all accompany various emotions or
motivational states. For example, the pattern of
physiological response in happiness are characterized
by increase in cardiac (heart rate; HR) and
electrodermal activities (EDA) (45). For these reasons,
in this study, we measured motivational abilities in
terms of affective (happiness index) and physiological
(heart rate and EDA) responses (46).

Another aim of the present study was to analyse if the
results on attention and motivation measures were
restricted to these areas or if they can be generalized to
independent functional skills.

Methods

Participants

Fifty-two Italian subjects with RTT participated in the
study. Participants’ ages ranged from 2 to 33 years
(mean = 12.10 years, SD = 8.70). Participants were
recruited by the Italian Rett Association, who
contacted patients’ families and asked them to be
involved in the study. They came from all over Italy.
All participants were diagnosed in Italian Centres
specialized in RTT syndrome and were in the post-
regression phase of the disorder; 95% had severe
intellectual disabilities and were unable to use speech.
All patients showed little or no purposeful hand use
and pervasive hand stereotypies. The ability to walk
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HCTpa)KyBame. THe JI0jioa of cute AenoBH Ha Mrtamuja.
Cure yuecHuu Owne JujarHOCTHLMPaHH BO HTaJHjaH-
CKMTE LIEHTPH CTIeLHjaIu3Upany 3a PeT-oBHOT CHHAPOM 1
0Oea Bo mocTperpecoHara (asa o HapyuryBameto, 95 %
MMaa HEKOJNKY HHTENEKTYallHH TONPEYEHOCTH M He
MOJKea J1a To KOpicTaT roBopoT. CuTe mauueHTH nokaxaa
Maja MM HHKaKBa HaMepHa ynortpeba Ha pauere H CHIHA
CTepeoTHIH Ha pauete. MoxHocTa a opat Oerue 3auy-
BaHa Kaj 52 % op mauumentute. Cute ydecHuuu Oea
nosutuHU 3a MECP2 MyTamum.

Vuecuuiure 6ea nogenexu Bo ase rpymu: 30 ko nobu-
Baa TpeTMaH (Tpyna Ha TpeTMaH) U 22 KOou Hemaa Jio0ue-
HO HHTepBeHUMja (uekaa ja Oumar jen of rpymara 3a
TPETMaH).

Marepujanau 1 HHCTPYMEHTH

Huzuiianiu udpu xou ce yijpagysaaiu co itozneg. Juru-
TaJIHMTE MTPU KOU Ce YNpaByBaaT co mornes Oea HHCTa-
Jupanu Bo crnesadot Ha oun Tobu Cepuja-1. Tobu Cepu-
ja-1 Gewe ynorpeGeH 3a CHUMame Ha BU3YETHHOT OATO-
BOp Ha CY0jeXToT Ha AMTHTAaNHUTE UIPH KOU Ce YNpaBy-
BaaT co morsen. OBaa HampaBa CHIMa OKYJIapHH JIBIDKe-
Bba KaKo LITO Ce JIOKAL|jaTa U BPEMETPACHETO Ha OKYy-
napHata (ukcaumja (nay3upame Ha JIBIKEHETO Ha OKOTO
Bp3 IpeMET Ofi HHTEpPEC) U CeKaAUYHU JBIKema (6p3u
IBIDKEHa TIoMery (uxcanuute). YuecHuuurte 6ea mosu-
LIMOHMPaHU Ha JanedynHa o okoiy 30 cm off eKpaHoT
HACOKAaTa Ha mornesioT Oelle yTBpAEHA COLJIACHO CO
METOZOT 3a LIEHTApOT Ha 3CHULUTE/METON Ha KopeanHa
pedrekcuja Ha MH(pPALPBEHH CBETIAa CO HH30K HHTEH-
suteT. CodyTBEpoTr 3a creieme Ha NAaCHBHUOT IIOTJIEN
(LCT, Cao ITaono, bpazwn) Gewe ynorpedeH 3a resepy-
pame Ha MOJIaTOL 32 BpEMe Ha BU3YENHOTO CKEHHPAIbE.
FX cenzopnoto oko e cer Ha 30 codTBEpCKH aruHKauy
KOH Ce CO37IajicHH 3a HajpaHUTe CTENEHH Ha KOMILjyTep-
cku mpuctan co mornen. CodTBepor € mopeneH Ha S5
HHBOA Ha HCTpaxcyBame. Cexoe HHMBO JIENyBa KaKko Tpe-
HHUHT 33 N0f00pyBame Ha CHOCOOHOCTA 33 BHHMAHHE:
IIpBo HuBo: I'nename Bo mpaseH ekpaH. [nenamero BO
npaseH eKpaH UM OBO3MOXKYBa Ha CyOjeKTHTE Ja ja uc-
TpaXaT NpHYMHATA U eEeKTOT — Kora Ke MOrJIe/IHAT, Helll-
TO C€ ClydyBa, a Kora Ke Iro TprHaT IOrJeJoT, TpecTa-
HYBa — OBOj KOHLENT € (pyHJAMEHTaleH 3a yyeme Ha
nornesioT ¥ notpebara ma ce uctpaxysa ([Ipukas 1).
Urpata koja Geime u3bpaHa 3a OBa MCTPaXyBame €
Sensory Circles — CeH30pHH KPyTOBH.

was preserved in 52% of the patients. All the
participants were positive for mutations.

Participants were subdivided into two groups: 30 who
received intervention (treatment group) and 22 who
had not received intervention yet (awaiting treatment

group).

Materials and Instruments

Eye-gaze digital games. Eye-gaze digital games were
installed in an eye-tacker Tobii Series-I. Tobii Series-I
was used to record the subject’s visual scanning
response to eye-gaze digital games. This device
records ocular movements such as the location and
duration of ocular fixations (pause of eye movement on
an object of interest) and saccadic movements (rapid
movements between fixations). The participant was
positioned at a distance of about 30 cm from the screen
and the direction of the gaze was determined according
to the Pupil Centre/Corneal Reflection Method of low-
intensity infrared light. Passive gaze tracing
(LCTechnologies, Sao Paulo, Brazil) software was
used to generate gaze data during visual scanning.
Sensory eye FXis a set of 30 software applications
designed for the earliest level of eye-gaze computer
access. The software is divided into 5 levels of
exploration. Each level functions as a training to
empower attentional ability:

Level 1: Blank Screen Engagement. Blank screen
engagement activities allow subjects to explore cause
and effect - when they look something happens, when
they look away it stops - this concept is fundamental to
learning eye-gaze and needs to be explored in some
detail (Figure 1). The game chosen for the present
study was Sensory Circles.
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- Black Screen Engagement

PPy

Cnuxa 1. I'negarve 60 lipazeH expan

Bropo HuBo: [IpemecTyBame Ha npeaMeT. AKTUBHOCTHTE
3a IPEMECTYBAbE Ha MPEAMET BKITydyBaaT HEKOH OJf Me-
TOZIMTE HA MOTJIENIOT KaKo WTO ce ()YHKIMHUTE 33 HaOTambe
M OCHOBHO HHILAHEHE — TyKa CyOjeKTHTE MOXE Ja ce
3pobujaT co morojema CBECT 3a TOa kKako Onu3MHaTa Ha
HHBHHOT TIOTJIE]] IO aKTHBHPA OJTOBOPOT Ofl CO/PKHHATA
Ha ofipenieHa obnact Ha expaHot ([Ipuka3 2). Urpara koja
6eme n3bpana 3a oBa HCTpaxkyBaie € Scatter (4-1a).

- Objects Displacement

Figure 1. Black screen engagement

Level 2: Object Displacement. Object displacement
activities introduce some of the methods of eye-gaze
such as dwell functions and basic targeting - here
subjects may begin to gain greater awareness as to how
their gaze proximity activates a response from content
in a certain area of the screen (Figure 2). The game
chosen for the present study was Scatter (4th).

Cnuka 2. IIpemeciuysarse Ha ilipegmeill

Tpero HuBO: 30HCKO (okycupame. CriocobHocTa Jia ce
TapreTHpa ofipe/ieHa 007acT Off eKPaHOT € 3HaYaeH YeKop
BO YYEHETO Ja Ce KOHTPOJMpA KypcopoT Ha KOMITjy-
TEpCKOTO riyBye. Bo oBa HUBO, HuE cakame cyOjeKkThTe
Ja MOXKAT Jia 3aM0YHAT Ja TO (YUKCHPAAT HUBHUOT TOTJIE]
3a J]a IOCTUTHAT MOBHCOKO HMBO HA KOHTPOJIA M MpeLy3-
HocT. Ha oBa HMBO, HHE pa3BMBaMe BEIUTHHH KOM ce
HEOIXOJIHM 3a J]a Ce NOCTMTHE YCTellHa KauuOpauwja
(Tpuka3 3). Urpata xoja Geure n3dpaHa 3a oBa MCTpa-
xyBame e Whack (BTopa).

- Zoned Focusing

Cnuka 3. 3oncko goxycuparse

Figure 2. Objects displacement

Level 3: Zoned Focusing. The ability to target specific
areas of the screen is an important step in learning to
control the mouse cursor. In this level, we want
subjects to be able to begin to fix their gaze to achieve
a greater level of control and accuracy. At this point,
we are developing skills which are necessary to
achieve a successful calibration (Figure 3). The game
chosen for the present study was Whack (2nd).

L d
i 4.

Figure 3. Zoned focusing
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YerBpro HMBO: AKTHBHO HCTpaxcyBame. O npuMapHO
3Hauewe ¢ cybjexrtute na OUEAT MOTHBHpAHH 3a Ja ce
TIOBp3aT CO €KPaHOT. AKTHBHOCTHTE 32 aKTWBHO HCTpa-
XKyBame ' oxpabpyBaaT cy0jeKTHTEe ha ce IMOBp3aT CO
nouMpokara ofnacT Ha €KpaHOT M Ja ce 3abaByBaar
nonexa ru xopuctat HuBHHTE oul (IIpuxa3s 4). Urpara
Koja Oeme u3bpaHa 3a oBa HCTpaxyBame € Shooting
(3-ta).

- Active Exploration

Fratestahortobuny

Cnuka 4. AxitiugHo ucitipascysarse

Ilerro HuBo: KoHTponmupaHo Tapretupambe. AKTHBHOCTH-
T€ 32 KOHTPOJIMPAHO TApreTHparme MOXKE 1a UM [OMOTHAT
Ha cy0jexTuTe Ja IOCTUTHAT MOroJieMa KOHTpOJa,
TMOBHCOKO HHBO Ha NPELH3HOCT U MOAETANHO pa3dupame
Ha ¢ynkumjata (IIpukas 5). Urpara xoja Geme u3dpauna
3a 0Ba HCTpaxyBame ¢ Bee (4-1a).

- Controlled Targeting

3:." ‘-

| L

Cnuka 5. Koniuponuparo wapzeitiuparse

Pesynratute of MrpameTo OMHMILYBAaaT KOJIKY H0OpO
wsurpaie yyecHuuure. OBue Mepku ce crelu(puuHy 3a
cekoja Mrpa opnenHo. Bo onHoc Ha akTHBHOCTA 3a
INeflame BO Mpa3eH eKpaH, Ouiejku urpara 3anupa Kora
cy0jeKTOT Ke IorieaHe HajBop Of €KpaHoT, OpojoT Ha
MHHYTH Ha CENIEKTHMBHO BHHMaHue Oeine n30paHO Kako
3aBHCHa Bapujabnma. Bo ofjHOC Ha aKTHBHOCTA 3a TpeMe-
CTyBam€ Ha NpeaMeT, 6uyejku 6iu3uHaTa Ha TorJea0T ro
aKTHBHpa OATOBOPOT OJi COAPIKMHATA BO OZpefeHa 00-
JacT Ha eKpaHoT, OpojoT Ha TMOrojolH BO INHTA, HA
npuMep, co moriex Geltie 3eMeH Kako 3aBHCHA Bapujabia.
Bo oxHOC Ha 30HCKOTO (hoKycupame Bo urpara, bunejku
criocofHOCTa Jia ce TapreTupa ojzieinHa obJacT off ekpa-

] Hi

Level 4: Active Exploration. It is of primary
importance that subjects are motivated to engage with
the screen, active exploration activities encourage
subjects to engage with the wider area of the screen
and have fun using their eyes (Figure 4). The game
chosen for the present study was Shooting (3rd).

Figure 4. Active exploration

Level 5: Controlled Targeting. Controlled targeting
activities can help subjects achieve greater control, a
higher degree of accuracy and a more detailed
understanding of the function (Figure 5). The game
chosen for the present study was Bee (4th).

o
o & P
o o @ Y

Figure 5. Controlled targeting

Game performance scores describe how well
participants performed when playing the games. These
measures are specific to each game. With reference to
the blank screen engagement activity, since the game
stops when the subject looks away from the screen, the
number of minutes of selective attention was the
dependent variable. With reference to the object
displacement activity, since the gaze proximity
activates a response from content in a certain area of
the screen, the number of pies hit, for example, through
the gaze was considered as the dependent variable. As
regards the zoned focusing game, since the ability to
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HOT Oellie akTuBMpaHa, 6pojoT Ha TOPTHU BO JHLETO Oee
u30paH 3a 3aBUCHa BapHjabna. Bo oIHOCOT Ha aKTUBHOTO
HCTpaXKyBame, Oufiejku CTUMYJIOT Gelle LENOCHO MpeT-
CTaBeH Ha LIENHOT €KpaH M crnoco0HocTa ja ce (atar
6p30 Geme akTHBHA, W OpojOT Ha YApEHH OBOLIja CO
noryiey Oenre 3eMeH 3a 3aBHcHa Bapujabna. Bo oxHoc Ha
AKTHBHOCTHTE 32 KOHTPOJMpPAHO TapreTupame, Oupejku
croco6HOCTa 32 aKTHBUPAKE Ha IOrojieMa KOHTpONa Ha
0KOTO € ToTpeGHa 3a Urpame Ha OBaa Wrpa, OpojoT Ha
yapeHu myesin beine 3eMeH 3a 3aBucHa Bapujabina. Pesyi-
TATHTE OJ] UTPabETO He Oea TpeTHpaHu Kako creludmy-
HH TIapameTp o[l BIMjAHHETO HAa MHTEPBEHLMjaTa, HO
KaKo KOHTpOJIa 3a e()MKacHOCTA 32 YUeHe.

Hngexc Ha éHumanue. 3a NpoLEHKA Ha CMOCOOHOCTA 3a
BHUMaHHe Oea ynoTpebeHn J1Be MEPKH: BPEMETO Ha TeHe-
paNHO BHUMAHHKE WITO CY0jeKTOT ro 0OpHAN Ha COAPIKHU-
Hara (BpeMe MOMHHATO BO IVIE/Iakbe Ha JIMLETO Ha eKcIe-
PHMEHTOpPOT WIM WIpaTa) M MEpKHTE 3a Clie[iehe Ha
oxoto. Bo omHOC Ha cnejiemeTo Ha OKOTO, CHEJHHUTE
napameTpu Gea NpecMeTaHH: JOJDKMHA Ha (HKcaumjata
(FL), koja e xonmuuuHaTa Ha BpeMe (CEKyHIH) OMHMHATA
O CTpaHa Ha Cy0jeKTOT Kora Ijiefa Bo Lenta (crenu-
(uyHa 3a cexoja WUrpa ONENHO), OPOjoT HA (UKcALHH
(FC), xonky matv Ccy0jeKTOT TNOIIeAHAN BO LeNTa.
Duxcaruute 6ea n3Mepenu co yrnorpeda Ha mpar o 100
ms. Cute oBHE MEpKH, TPeJ U TOCNe TeCTHpameTo, Oea
cobpann mernati M Oewle 3eMeHa NpEABHI CpefHATa
BPEHOCT.

Hugexcoiui Ha moiuusauyja. 3a MpoLieHKa HA MOTHBALH-
CKHTE CIIOCOOHOCTH, HHE KOPHUCTEBME HEKOJIKY Iapame-
TpH Ae(MHAPaHH KaKO ,MHAEKC Ha cpeka“. OBoj mapa-
meTap on TakcoHomujara Ha Ban Jlep Mar (Van der
Maat) (47) koja ce 3acHOBa Ha €KCTCH3MBHM aHANH3H Ha
KOMYHHKALUCKUTE aKTMBHOCTH Ha JIMIATa CO TelIKa
MHTENEKTyalHa TOIPEYEHOCT CO HMBHUTE HETYBATEINIM.
OBaa TaKcOHOMHja C€ COCTOM Of] /IBAHAECET INIaBHU
Kateropun Ha Ouxesuopannu ¢opmu: (1) Hacoxa Ha
nornenot, (2) ¢aumjanHa excnpecuja, (3) 3Byuu, (4)
apxeme Ha rThaeata, (5) ABWKeme Ha rnasata, (6)
IpKeme Ha Tenoto, (7) ABMKEmE Ha JIOJIHUTE EKCTpe-
muretH, (8) IBIKemE Ha rOpHUTE excTpemuTerH, (9)
nBwkeme Ha ycrara, (10) mcuxonomika peakuuja, (11)
arpecuja 1 (12) xoHBeHUMOHaNHH TrecToBU. JloroBopor
nomery ydecHuuute 6ette 96 %. 3a coznaBame Ha TOBe-
Ke mapaMeTpH, HHe 3e[I0BMe 7 OJHECYBaa OJf TAKCOHO-
mujata Ha Ban Jlep Mapt (1992). Toa ce: Hacoka Ha
noresoT, arnujanHa ekcrpecHja, 3BYLH, JBIKEHE Ha
ycTara, TICHXOJIOIIKM peaklHH, JBIDKEHE Ha IyiaBaTa H
KOHBEHL[MOHAJHH I€CTOBH. I’ CHUMHBME OBHE TeCTOBHU
CO TIOMOIII Ha KaMepaTa Koja € Jiell Off cIefjauoT Ha O4HTe.

target specific areas of the screen was activated, the
number of cakes in the face was the dependent
variable. With reference to active exploration, since the
stimuli were presented contemporarily on the whole
screen and the ability to capture them quickly was
active, the number of fruits hit through the gaze was
the dependent variable. With reference to the
controlled targeting activity, since the ability to
achieve greater eye control was necessary to perform
this game, the number of bees hit was considered as the
dependent variable. Game performance scores were not
treated as specific parameters of the influence of
intervention, but as control for the efficacy of learning,
Attention index. To assess attentional abilities, two
measures were used: the time of general attention the
subject paid to the context (time spent in looking at the
experimenter’s face or game) and eye-tracking
measures. With reference to eye-tracker, the following
parameters were computed: fixation length (FL), which
is the amount of time (seconds) spent by the subject
when looking at the target (specific to each game);
fixation count (FC), which is the number of times the
subject looks at the target. Fixations were extracted
using a threshold of 100ms. All these measures, both
pre and post-test, were collected five times and the
mean values were considered.

Motivation index. To assess motivation abilities, we
used a multiple parameter, defined “happiness index”.
This parameter comes from the taxonomy of Van der
Maat (47) which is based on an extensive analysis of
communication activity of people with profound
intellectual disabilities with their usual caregivers. This
taxonomy included twelve main categories of
behavioural form: (1) gaze direction, (2) facial
expression, (3) sounds, (4) head posture, (5) head
movement, (6) body posture, (7) movement of lower
limbs, (8) movement of upper limbs, (9) mouth
movements (10) physiological reactions, (11)
aggression and (12) conventional gestures. The
agreement between respondents was 96%. To create
the multiple parameter, we took into account seven
behaviours of the taxonomy of Van der Maat (1992).
They were: gaze direction, facial expression, sounds,
mouth movements, physiological reactions, head
movements and conventional gestures. We recorded
these behaviours through the video-camera of the eye-

JEPEKTO/IOLLIKA TEOPHJA H ITIPAKTHKA 2018; 19(3-4) 105-126
DOI: 10.19057/jser.2019.43

113



FROM PRACTICE TO PRACTICE

JlBajua He3aBHCHM HaOJby/yBaud I'd TJefaa BHIEATa M
MapKupaa Ha JIMCTa Jauy ce IpPUCYTHH CuTe 7 OfiHe-
cyBama U Jjajioa BpeaHoct of 1 3a mpucytu U 0 ako He
ce npucyTHu. MoruBaonuoT unjekc Geie AepUHUpaH
KaKo 30HMp 0J] BpEIHOCTA HA CUTE NIPEAMETH.
Hcuxonowxu iipecmeinixu. TICHXONOLIKUTE TPECMETKH
Oea coOpaHH TpeKy TEXHOJNOTHja Ha CEH30PU KOU OTKpY-
KyBaaT. OBaa TEXHOJIOTHja KOPHCTH HANpPEAHH YaCOBHH-
111 ¥ [TATEHTHPaHa TEXHOJIOTH]a 3a MOCIe/I0BATENHO Cle/-
e Ha NICHXONOIIKHTE CUTHAIN IPEKy HEKOJKY CEH30pH.
Censopute T IpeHECyBaaT IOAATOLUTE JO MaMETeH
TeneoH mpeky ONyTYT KOHeKuHja u Of TenedoHOT [0
curypeH cepsep, EMnatika npeky MHTEpHET KOHEKLHja.
[Tapametpure 6ea EJIA ceH30pH KoM ja MepaT aKTHB-
HOCTA Ha CUMIIATETCKHOT HepBeH cucteM 1 XP ceH30poT.
Mepxure Ha EJIA kako KOHTMHYMpaHH BapHjaluy Ha
€NIEKTPUYHNTE KapaKTepPUCTUKH Ha Koxata. JlecHo Moxe
Jia ce TIPOYMTA O MOBPLIMHATA HA TEJOTO M ja MPEeTCTa-
ByBa aKTHBHOCTAa Ha aBTOHOMHMOT HepBeH cucteM (48).
EJIA e Onucky mnoBp3aHa cO aBTOHOMHHMTE €MOLMH H
KOTHUTHBHHTE MPOLECH U € IHPOKO ynoTpeOyBaHa KaKo
CEH3MTHBEH MHJIEKC 32 EMOLMOHANHUTE TIPOLIECH U CHM-
TIATCKUTE aKTUBHOCTH (49).

Dynxuuonantu ckany. BuHenanj ckanara Ha ajanranuja
Ha OJIHECYBAIETO € JIM3ajHHpaHa Ja MOJNPKYBa Jujar-
HO3M Ha MHTEJIEKTyalH! U pa3BOjHH momnpeyeHoctH. Cka-
NUTE Ce OPTraHM3UpaHH BO YETHPU JIOMEHH: KOMYHHU-
Kaluja, IHEBHHOT JKMBOT, COLMjalM3alija U MOTOPHH
BEWITUHH. VIHTEPBjyepoT nocTaByBa reHepaHy Npaliama
BO OJIHOC Ha (YHKIIMOHHPAETO Ha CyOjeKTOT BO CEKOj
JIOMEH M TH KOPUCTH OJITOBOPHTE 3a MPOLEHKA HA MCIH-
TAaHUKOT HA CeKOoja Ol KPUTUYHUTE OHecyBama (2:
cekoraul mpucyteH, 1: monekorau npucyteH, 0: peTko
WM HUKOrall He € npucyteH). TMNHYHUTE MHTEpBjya
TpaaT NpUOMIKHO eneH uyac. BkynmHuOT pesyntar e
TNpecMeTaH co co0Mpame Ha MHAMBUIYAITHUTE PE3yITaTH
of1 cexoja ckana. JIoBepluBOCTa Ha CKajata € BOCNOCTa-
BEHa Ha CJIeJIeH HauMH: TofienieHo Ha nonosuHa (.73-0.93
3a KOMyHHKaLUCKHOT iomeH, 0.83-0.92 3a BemtuHuTE 32
nueseH dxuBot, 0.78-0.94 3a couujanusaumja, 0.70-0.95
3a MortopHu BeuwrtuHH, 0.84-0.98 3a mnpucmoco6mamBo
opHecyBame, (.77-0.88 3a HeamanTHBHO OfiHECYBambe (BO
(opma Ha anxera) (0.80 1 0.90 ox popmata Ha aHKeTaTa).
Koeduiuenture Ha H0BEpIMBOCT O UCTPAXKYBABETO U
npommpenute ¢opmu ce amwkea ox 0.62 po 0.75.
CranjiapaHata rpelika Ha Mepemara ce aABuwxkelte of 3.4
no 8.2 xaj yerupute momenn u on 2.2 jno 4.9 kaj
ITprcnocobnuBOTO OiHECYBAE, Ka] aHKETHATa (hopMa.
Ckanara 3a npoueHka Ha pejTHHrOT Ha Per e
cranfapausupana ckana (RARS) koja ce ynorpebysa 3a

tracker. Two independent observers watched the videos
and marked with a cross on a checklist if the seven
behaviours were present/absent and assigned value 1 to
“present” and value 0 to “absent”. The motiva-
tion/happiness index was defined as the sum of each
item values.

Physiological measures. Physiological measures were
collected through embrace technology sensors. Embra-
ce technology uses advanced watches and patented
technology to continuously record physiological
signals from multiple sensors. Embrace transmits data
to a paired smartphone via Bluetooth connection, and
from a smartphone to a secure server, Empatica, via
Internet connection. The parameters were an EDA
sensor that measures sympathetic nervous system
activity and a HR sensor. EDA measures continuous
variations in the electrical characteristics of the skin. It
can easily be read from the body surface and represents
the activity of the autonomic nervous system (48).
EDA has been closely linked to autonomic emotional
and cognitive processing and is widely used as a
sensitive index of emotional processing and sympa-
thetic activity (49).

Functional scales. The Vineland Adaptive Behavior
Scales are designed to support the diagnosis of
intellectual and developmental disabilities. The Scales
are organized into four domains: communication; daily
living; socialization; and motor skills. The interviewer
asks general questions pertaining to the subject’s
functioning in each subdomain and uses the responses
to rate the examinee on each critical behaviour item (2:
always present, 1: sometimes present, 0: seldom or
never present). Typical interviews require approxi-
mately one hour. A total score is computed by
summing the individual ratings for each scale. The
reliability of the Scales was established as follows:
split-half, 0.73-0.93 for the communication domain,
0.83-0.92 for daily living skills, 0.78-0.94 for
socialization, 0.70-0.95 for motor skills, 0.84-0.98 for
adaptive  behaviour composite, 0.77-0.88 for
maladaptive behaviour (survey form) (0.80 and 0.90
for the Survey Form). The interrater reliability
coefficients for the survey and expanded forms ranged
from 0.62 to 0.75. Standard error of measurement
ranged from 3.4 to 8.2 over the four domains, and from
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npoLeHyBame Ha cybjektute co Per-oB cunapom (50).
RARS e cucrematusupasa BO CefyM HOMEHH: KOTHH-
THBEH, CEH30PCKH, MOTOPEH, EMOLIMOHAJIEH, ABTOHOMEH,
THIIMYHK KapaKTEpUCTHKH Ha Gonecta W OUXeBHOpaJeH.
KoruutuBHara 0671acT ce cocTOM 0f] POLIeHKa Ha BHUAMa-
HHETO, TMPOCTOpPHA OpHEHTALHja, BPEMEHCKA OpHEHTa-
1Hja, MEMOpHja, KOHTAKT CO OYH, OJIrOBapame CO CMee-
Be, CMNOJCNCHO BHUMaHHWe, BepbamHa M HeBepbanHa
KOMYHHKaL{ja; CeH30pcKaTa 00J1acT ce COCTOM Ofi BUIHO
ToJIE U CIIyX; MOTOpHATa 00JIaCT Ce COCTOM Of MO3HLIHja 1
IBIDKEHE Ha TENOTO, JIBIDKEHE Ha palere, CKONHO3a,
npobneMu BO cTananara; eMOoLMOHanHaTa obnact ce
oflHECyBa Ha pa30Hpame Ha eMOLMMTEe H eKCTIpecHja Ha
€MOLIMHTE; aBTOHOMHATa 00JIaCT Ce OJIHECYBa Ha KOHTp-
oJla, XpaHemwe, CrnocobHOCTa 3a Karneme M 00JeKyBambe;
obnacta 3a THIMYHMTE KapaKTepHCTHKM Ha Oonecta ce
OfIHECYBA Ha TIPOMEHAa Ha pACIOJIOKEHHETO, TPUCHE,
npobJIeMH €O AULIEHETO, TEH3Hja BO MYCKYIIUTE, HABUKH
Ha McXpaHa, ofylacTa 3a CEBKyNMHaTa MMIpecHja ce
OJIHECYBA Ha TeHepalHaTa NpOLEHKAa HAa CHMIITOMHUTE HA
Per cunppomor (on Huty emen cumnrom (1) mo cure
cumnitomu (4)). [Ipenmetute Ha RARS ce co3nanenu co
clefiele Ha JMjarHoCTHYKMTE Kputepuymu 3a PTT
JajieHu ofl JInjarHoCTHYKK M CTATHCTUYKH NPUPAYHHK 32
MEHTaJIHU HapyilyBama, 4-1o m3nanue (DSM-1V-TR; 51)
M HEOJAMHEIUHH HCTpaKyBama W KIMHAYKHM HCKYCTBA.
BkynHo 31 npeamer Gele reHepupaH Kako penpeseHTa-
tuBeH Ha mpogunor Ha PTT. Cexoj npeaMer conpxu
KpaTko ofjacHyBame 3a HEropoTo 3Haueme. Cekoj
npeMET € paHrHpaH Ha ckana of 4 noeHu, kaje 1=Bo
paMKHMTE Ha HOPMAJHHTE TPaHHLM, 2=pETKO WJIA HHCKa
a0HOPMAJIHOCT, 3=4ecTO MM CPEeIHO BHUCOKa abHOpMal-
HOCT, 4=cunHa abHopmanHocT. CpelHHTE DPEjTHH3U Cce
MOXXHH, Ha TIpUMeEp, OATOBOp momery 2 M 3 IHOEHH ce
paHrupa kako 2.5. 3a cexoj npeaMer, NPOLEHHUTENIOT To
3a0KpY)KyBa OpojOT IITO KOPECHOHAMpA HA HajAoOpPHOT
onuc o nauueHTor. OTKaKo e/leH MALMeHT € OLEHET 3a
BKYNMHO 31 mpemMeT, BKYIEH pe3yiraT € mpecMeTaH co
cobupame Ha cuTe MHAMBHAYalnHH pejTuH3H. OBOj BKYy-
TNEH pe3ynTaT My OBO3MOXKYBAa Ha NPOLEHUTENOT Ja IO
ueHTHduKyBa cremeHoT Ha cepuosHoct Ha PTT, koH-
LIENTYaIN3MpaH KaKo KOHTHHYYM KOj MMa oficer ofi 6aru
CHMIITOMH [0 Telky Aeduimty. Bpepnoctute Ha kococt
W KypTasa, IpecMeTaHH 3a AMCTpUOyLHja Ha BKYIHHTE
pesynraty, 6ea 0.110 u 0.352. Jucrpubyumjata Geue
HopMmaitHa. @opmynata Kponbax anda 6ewe ynorpebena
3a YTBp/YBam€ Ha BHATpELIHATa KOH3MCTEHTHOCT 32
1enara ckajua u rnotckanure. BxynHara anda 6emre 0.912
W BHATpEIHATa KOH3HCTEHTHOCT Ha MOTCKanuTe Oere
Brcoka (0.811 1 0.934).

2.2 to 4.9 for the Adaptive Behaviour Composite, on
the survey form.

The Rett assessment rating scale (RARS) is a
standardized scale used to evaluate subjects with Rett
syndrome (50). RARS is organized into seven
domains: cognitive, sensorial, motory, emotional,
autonomy, typical characteristics of the disease, and of
behaviour.The cognitive area consists of evaluations of
attention, spatial orientation, temporal orientation,
memory, eye contact, replying by smiling, shared
attention, verbal and non-verbal communication; the
sensorial area consists of eyesight and hearing; the
motor area consists of position and movement of the
body, movement of hands, scoliosis, problems in the
feet; the emotional area refers to understanding
emotions and the expression of emotions; the
autonomy area refers to eo control, feeding, ability to
wash and dress; the typical characteristics of the
disease and behaviour area refers to mood changes,
convulsions, breathing problems, hyperactivity, anxi-
ety, aggressiveness, bruxism, rolling of the eyes,
epilepsy, aerophagia, muscular tension, feeding habits;
the overall impression area refers to the general
evaluation of the symptoms of RTT (from no
symptoms (1) to all the symptoms (4). The items in
RARS were constructed following the diagnostic
criteria for RTT proposed by the Diagnostic and
statistical manual of mental disorders, 4" ed. (DSM-
IV-TR; 51) and recent research and clinical experience.
A total of 31 items was generated as representative of
the profile of RTT. Each item is provided with a brief
glossary explaining its meaning in a few words. Each
item is rated on a 4-point scale, where 1 = within
normal limits, 2 = infrequent or low abnormality, 3 =
frequent or medium-high abnormality, and 4 = strong
abnormality. Intermediate ratings are possible; for
example, an answer between 2 and 3 points is rated as
2.5. For each item, the evaluator circles the number
corresponding to the best description of the patient.
After a patient has been rated on all 31 items, a total
score is computed by summing the individual ratings.
This total score allows the evaluator to identify the
level of severity of RTT, conceptualized as a
continuum ranging from mild symptoms to heavy
deficits. Skewness and kurtosis values, calculated for
the distribution of the total score, were 0.110 and
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IIporpecuBHata oboena pejsen Matpuua (LITIM;52) ce
KOPHUCTH 3a Jiea of 5 10 11 roguHy 1 3a MHAUBUOYH CO
(M3MYKN ¥ TICMXMYKH HapyuryBama. Bo oBa HCTpaxy-
Bame Oere ymoTpebeHa Moau(puLMpaHa HPOTPECHBHA
oboena pejsen Marpuia. Cepuja A num Gete JjaieHa Ha
cybjextute U cekoja Tabena Gerue moronema (42 cm x
29.7 cm) on crangapaHata. Ipen cy6jexror Gemre moc-
TaBeH u30op on nBa mpenmera. Cekoja men Oeue
NpeTCTaBeHa 3ae[HO CO €/IeH OJIBJICKYBAau Ha BHHMAaHHeE
op craHjapaHata cepHja. J[para mpenmera (uenta u
OJIBJIEKYBaYOT Ha BHUMaHue) 6ea NpuKaxaHu TPUIATH H
NpOCTOpPHATa MO3ULMja Ha LEJITa U O/BIEKYBauyoT Ha
BHMMaHHe Oea ciyyajHo moctaBeHd. Kora cyOjexror ke
Jajie 1Ba TOCNEOBATENHU M TOYHH OZTOBOPH, MCIIUTY-
BayoT ja NpeTCTaByBalle clefHaTa Tabena; kora cyojex-
TOT Ke TIOBTOPEJI TPUIIATH TPELIHO, TECTOT CE NMPEKHHYBA.
BkynHHOT pe3ynTar e npecMeTaH co cobupare Ha 6pojoT
Ha TOYHHU OJTOBOPH 3a CEKOj Mpe/IMeT.

IIpouenypa

Cute mojiaTony BO OBAa MCTpaXyBame ce COOpaHH BO
THBKa oOnact o KaHuenapuute Ha Mranujanckara
acouujaumja 3a Per. Cy0jexture Oea TecTHpaHH MHIU-
BHJIyaJIHO BO oBaa obsact. Tue Gea TecTipanu oa 9 yacor
1o 13 wyacor. Cekoj cybjexr Oelue MO3MIMOHMpAH Ha
oraneyeHoct o 30 cm oj1 eKpaHOT Ha CJeJaYoT Ha OUH
BO KOj MPETXOZHO Oellle HHCTaNUpaH JUruTaneH copreep
3a Cle/iehe Ha MOTJIeIOT.

HctpaxkyBadoT mokakyBa KOH €KpaHOT M My 300pyBa Ha
Cy0jeKToT 3a Ja ro OfBJeYe HEJ3MHOTO BHUMAHHE H
HEJ3UHHOT TOIVIE]l Ha TIOYETOKOT O CeKoja urpa 3a Ja ja
NPETCTaBH CEKOja Urpa OYIEITHO.

YcioBu 3a npegaBame

U Bo nBerte (asu, mpes U 1ocie TECTHPABETO, HEBPOIICH-
XOJIOIIKUTE ¥ OUXEBHOpPAIHUTE TTapamMeTpH 6ea H3MepeHH
co ynotpeba Ha TEXHOJIOTHjaTa 3a CNE/CHE HAa OUMTE M
(yHKIMOHAJIHATE CKalK, OMHIIAHU TIOTOPE BO AENOBUTE
3a MaTepujanTe 1 HHCTpyMeHTuTe. Bo (azata Ha yueme,
DGBL 6ea ynotpebyBanu Bo Tpaewe o 30 MUHYTH, HET
JieHa BO Helenata, 3a mepuoi oA 4 Henenu, Hpeky
JMTUTAIHATE UIPH KOM Ce YNpaByBaaT €O ITOIVIEN, KOH
6ea nperxonHo uHcranupanu Ha Tobu Cepuja — L. Bo
Tabena 1 ce onumanu Tpute dasu.

Bo oBoj excrnepument, DGBL e akTHBHOCT 3a HHTepaK-
LMja BO KOja YYECHHLUTE IOCNEOBATENHO MrpaaT IET
WrpH, JAM3ajHUPAHH Ja IPOMOBHPAAT yYere WIH Pa3Boj
Ha KOTHUTHBHUTE BEIUTHHH, KAKO LITO C& BHUMAHHUETO U
MoTHBawjaTa. Jlururanaure Urpu kou 6ea ynorpebenu

0.352, respectively. The distribution was found to be
normal. Cronbach’s alpha was used to determine the
internal consistency for the whole scale and subscales.
Total alpha was 0.912, and the internal consistency of
the subscales was high (from 0.811 to 0.934).

Raven’s Colored Progressive Matrices (CPM; 52) are
used for children aged 5 through 11 years of age and
mentally and physically impaired individuals. In the
present study, Modified Raven’s Colored Progressive
Matrices were used. Series A was administered to the
subjects and each table was larger (42cm x 29.7 cm)
than the standard CPM. Two items to be chosen were
placed separately in front of the subject. Each target
was presented together with a single distractor of the
standard series. Both items (target and distractor) were
shown three times and the spatial position of target and
distractor was randomized. When the subject gave two
consecutive and correct answers the examiner
presented the following table; when the subject replied
erroneously three times, the test was interrupted. A
total score is computed by summing the number of
corrected response for each item.

Procedure

All of the data for this study were collected in a quiet
area of the Italian Rett Association offices. The
subjects were tested individually in this area. They
were tested in the morning from 9.00 a.m. to 13.00
p.m. Each subject was positioned at a distance of about
30 cm from the screen of the eye-tracker in which eye-
gaze digital software was pre-installed.

The experimenter pointed at the screen and spoke to
the subject to catch her attention and her gaze at the
start of each game to introduce each game.

Teaching condition

In both pre-test and post-test phases, neuropsycho-
logical and behavioural parameters were measured
using eye tracker technology and functional scales,
described in the materials and instruments section. In
the learning phase, DGBL was used for thirty minutes,
5 days a week, for four weeks through eye-gaze digital
games, pre-installed in the Tobii Series-I eye-tracker.
Table 1 describes the three phases.

In this experiment, DGBL is an interactive activity in
which participants consecutively play five games,
designed to promote learning or the development of
cognitive skills, such as attention and motivation. The
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BO OBa HCTpaXyBawme€ CE ONHUIIAHH BO MNOAAECIIOT 3a

HUTpUTE CO TIOTJIEN.

digital games used in this study are described in the

eye-gaze games subsection.

Tabena 1. Excitepumeniiantu pasu / Table 1. Experimental phase

Multiple baseline sessions
administration

Pesyntaru on nrpame
Game performance scores
Attention/ Buumanue
Motivation/happiness
Mortusauuja/Cpeka
Tlcuxonomku Mepu
Physiological measures

EnnHa anmMuHucTpaija

Single administration
Vineland/Bunenang

Rars/Papc
Raven/PejBan

I'pynu @a3a Ha pej| TECTHPABE Yuemwe (a3a nocne TeCTHpamE

Groups Pre-test phase Learning Post-test phase

I'pyna Ha Hekonky ocHOBHH DGBL, 30 munytn 3a 5 Hexonky ocHOBHH

TpeT™MaH AIMHHUCTPHPAHH CECHH JieHa BO Hejienara 3a 4 AIMHHHCTPUPAHH CECHH

Treatment Multiple baseline sessions HeIenn Multiple baseline sessions

group administration DGBL, 30 minutes for 5 | administration
Pesynraru on urpame days a week for four Pesynratu on urpame
Game performance scores | weeks Game performance scores
Attention/ Bunmanue Attention/BHumanne
Morusauuja/Cpeka Morugaunja/Cpeka
Motivation/happiness Motivation/happiness
IIcuxonouku MepH INcuxonomkn Mepu
Physiological measures Physiological measures

Enna anMunucTpanuja Enna agMuHuCcTpaunja
Single administration Single administration

I'pyna mro Vineland Vineland

YeKa TPeTMaH Rars bes DGBL Rars

Awaiting Raven No DGBL Raven

Treatment

group

Multiple baseline sessions
administration

Pesyntarn o1 urpase
Game performance scores
Attention/ Buumanne
Motivation/happiness
Morusannja/Cpeka
Icuxonowmku Mepu
Physiological measures

Enna anmunucrpaiyja

Single administration
Vineland/Bunenann

Rars/Papc
Raven/PejBan

CraTHCTHYKA aHAJIN3a

[onarouute 6ea ananmsupann Bo CIICC 20.0 3a Bun-

Statistical analyses

JOBC ONEpaTHBEH CHCTEM. 3a cropenba Ha pesynTaTure
Ofl PEeJI TECTHPAFHETO H MOCHE TECTHPABETO, TIOAATOLHTE

The data were analysed using SPSS 20.0 for Windows.
To compare the pre-test and post-test scores the data
were analysed using ANOVA 2 (Group: treatment vs

JAE®EKTOJIOLIKA TEOPHIA H ITPAKTHKA 2018; 19(3-4) 105-126
DOI: 10.19057/jser.2019.43

117



FROM PRACTICE TO PRACTICE

Oea aHanm3upanu co ymotpeba Ha ANOVA 2 (I'pyna:
TPETMaH V WITO YeKa TpeTMaH) x> ((hasu: mpea U mocie
TecTHpame). JleCKpUNTHBHATA CTATHCTHKA Ha 3aBHCHHUTE
Bapujabnu Geme Tabenupana u nperienana. Anda-HuBo
Geure moctaBeHo Ha (.05 3a cuTe CTATHCTHYKH TECTOBH.
Bo ciyuajor Ha 3HauajHuM eekTH Oewle najeHa roie-
MuHaTa Ha eextor (53).

Pesyararu

Ilpen nma ce pasriefaaT pe3yiNTaTHTE 3a BHHMAHHETO,
MOTHBaLjaTa ¥ (YHKUMOHAIHUTE CKAaJH, HHE TH HCIIH-
TaBMe I0J00pyBamaTa BO HIpambeTo NOOHEHH 3a BpeMe
Ha yYemeTo; 33 KOHTPOIUpame Ha edukacHoCTa Ha yde-
BETO (CeKyHJapHa 1ieJl, HO HEONXO/HA 3a JUCKYycCHja Ha
NpUMapHaTa 1ien).

Bo Tabena 2 ce mpukaxaHu cpeiHaTa BPEJHOCT U CTaH-
JapaHaTa JieBHjalija Ha pe3yNTaTHTE Of UIPameTO Ha
cy6jextute co PTT. I'pynuuor akrop moxaxysa 3Ha-
gaeH edexr, F (1, 51) = 4.3, p<0.01, d=0.92, ucro taxa
(asuuor (axTop mokaxysa 3HayaeH edext F (1, 51) =
6.3, p<0.01, d=0.91; I'pyna X ®a3a unTepakumjata UCTO
Taka Tnokaxysa 3HauaeH edekt F (1, 51) = 5.2, p<0.01,
d=0.92. OBue pesyntatu ykaxyBaat Jieka cy0jeKTUTE CO
PTT noxaxxyBaaT MO3MTHBHH TPEHIOBH Ha MOJ00pYBame
Ha pe3yaTatute of] (ha3ata Ha mpej TecTUpame 10 (asaTa
Ha TECTHpAmE, BO CIOpeada CO pe3yNTaTHTe Ha Ipynara
Koja yeka TpeTMaH. Kako wmro Gewie oueKyBaHO, OBHE
pesynTaTH ce coBmaraar co oHue BO yutepatypata (15;
19; 32; 35).

awaiting treatment) x* (phases: pre-test vs post-tests).
The descriptive statistics of the dependent variables
were tabulated and examined. Alpha-level was set to
0.05 for all statistical tests. In the case of significant
effects, the effect size of the test was reported (53).

Results

Before examining the results on attention, motivation
and functional scales, we examined improvement of
performance on the game obtained during learning, to
control for the efficacy of learning (secondary aim, but
necessary to discuss the main aim).

Table 2 shows the means and standard deviations of
the game performance scores of subjects with RTT.
Group factor shows significant effect, F (1, 51) = 4.3,
p<0.01, d=0.92, also phase factor shows significant
effect F (1, 51) = 6.3, p<0.01, d=0.91; the Group X
Phase interaction also show ssignificant effect F(1, 51)
= 5.2, p<0.01, d=0.92. These results indicate that
subjects with RTT showed a positive trend in
improving scores from pre-test to post/test phases
compared to the scores of the awaiting treatment
group. As expected, this finding is in line with existing
literature (15; 19; 32; 35).

Tabena 2. Cpegna épegrociu u ciiangapgra gesujauuja Ha pe3yniiiaiiuitie 0g uzparseilio
Table 2. Mean value and standard deviation of the game results

Groups Digital Games Pre-test Post-test
I'pynu JlurutanHau urpu pen Tectupame | Ilocne Tectupame
Treatment Group M (SD) M (SD)
I'pyna Ha TpermMan Black Screen Enganment 1.22 (0.64) 1.77 (0.80)
IToBp3yBame €O LPH eKpaH
Object Displacement? 64.45 (50.32) 80.55 (51.98)
[TomecTyBame Ha IPEAMETH
Zoned Focusing® 6.64 (10.24) 10.64 (10.42)
30HCKO (oKyCHpame
Active Exploration* 4.82 (2.61) 7.09 (2.29)
AKTHBHO HCTpa)XXyBame
Controlled Targeting$5 23.64 (15.46) 4491 (23.92)
KoHTposnupaHo TapreTupame
Awaiting Treatment Group
I'pyna mTo yeka TpeTMaH 0.50 (0.60) 0.65 (0.78)
Black Screen Enganment!
IToBp3yBame CO LPH EKpaH
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Object Displacement2
ITomecTyBame Ha peaMeTH
Zoned Focusing3

30HCKO (oKycHpame
Active Exploration4
AKTHBHO HCTpaXxyBame
Controlled Targeting5

34.55 (54.23)
2.34 (12.65)
1.90 (2.65)

14.22 (12.50)

34.10 (49.85)
2.35 (12.40)
1.90 (2.34)

14.24 (12.48)

KonTponupaHo Tapretuparme

Note/3abenerxa

'= number of hitted pies/1=6poj Ha yapenn nutn

2= number of cakes in the face/2=6poj Ha TopTH Bo JIHIE
3= number of hitted fruits/3=6poj na yapesu opouja

4= number of hitted statues/4=6poj Ha yapenu cratyu
=number of hitted bees/5=6poj na yaperu muenu

Bo Tabena 3 ce npukaxaHu CpefHaTa BPEJHOCT U CTaH-
Jap[HaTa JieBHjallija 3a BHUMaHHE, MOTHBALlHja, Cliefie-
1€ Ha OKOTO, NICHXONOUIKHTE MEPH U (YHKLHOHAIHUTE
ckanu. Bo oHOC Ha MepuTe HAa BHUMAHHETO, IPYHHHOT
(akrop mokaxya 3nauaeH edexrt, F (1, 51) = 7.2,
p<0.01, d=0.91; ucro Taka QazHuoT (aKTOp MOKAXKYBa
sHavaeH edekt F (1, 51) = 4.2, p<.01, d=0.91, u dazara
I'pyna X untepaxuujata nokaxysa 3HauaeH epexr F(1,
51)=6.7, p<0.01, d=0.92. OBue pesynratu 06e36emyBaar
nokasn jgeka DGBL uma edekt Bp3 MHMHYTHTE IITO
cy6jextute co PTT ru noMuHyBaaT rieaajki BO HIpUTeE |
BO JIMLETO Ha MCTpaXyBa4yoT. Bo omHOC Ha MepuTe 3a
CIENIEIETO Ha OKOTO, TIOBTOPHO, 3HAYacH eekT Gere
yrBpAieH. [ToTouHo, rpynHHOT (pakTop MOKaxyBa 3HaYaeH
epexr, F (1, 51) = 4.2, p<0.01, d=0.90, ucro Ttaka
dasnuor axrop mokaxysa 3HauaeH epekt F (1, 51) =
7.3, p<0.01, d=0.92 u dazara I'pyna X uHTepakumjata
nokaxcysa 3HayaeH edekr F(1, 51) = 5.2, p<0.01, d=0.92.
MOXHO € Jia ce 3aKIy4d fieka u jpara napamerpu FC u
FL 3a cexoja op wWrpute ce 3rojeMyBaaT O TpeN
TPEHHHTOT JI0 TOCJ€ TPEHHHTOT Kaj TpymuTe LITO Ce
msnoxenn Ha DGBL.

Table 3 shows the means and standard deviation of
attention, motivation, eye-tracking, physiological
measures and functional scales. With reference to the
attention measure, group factor shows significant
effect, F (1, 51)=7.2, p<.01, d=0.91; also phase factor
shows significant effect F (1, 51) = 4.2, p<0.01,
d=0.91, and the Group X Phase interaction also shows
significant effect F(1, 51) = 6.7, p<.01, d=0.92. These
results provide evidence that DGBL had an effect on
the minutes that subjects with RTT spent looking at the
games and experimenter face. As regards eye-tracking
measures, again, a significant effect was found.
Precisely, group factor shows significant effect, F (1,
51) = 4.2, p<.01, d=0.90, also phase factor shows
significant effect F (1, 51) = 7.3, p<0.01, d=0.92, and
the Group X Phase interaction also shows significant
effect F(1, 51) = 5.2, p<0.01, d=0.92. It was possible to
state that both FL and FC parameters for each game
increased from the pre-training to the post- training in
the group exposed to the DGBL.
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Taodena 3. Cpegna epegnociul u ciiangapgna gegujauuja Kaj KoZHuitiugHuille, MOIMUGAUUOHUITe U HCUXONOWKUIUE

Mepu

Table 3. Mean values and standard deviations in cognitive, motivation and psychological measures

Groups Measures Pre-test Post-test
I'pynu Mepu IIpen Tectupame | Ilocne Tectupame
Treatment Group M (SD) M (SD)
I'pyna Ha TpeT™MaH Multiple baseline sessions administration
AIMHHHCTpaLHja HA TOBeKe OCHOBHH CECHH 13.34 (3.98)
Minutes of attention/MuHyTH Ha BHHMaHHE 91 (9.10)
FL 10.50 (2.91) 58 (9.08)
FC 32 (7.05) 6.21 (2.10)
Motivation/happiness/Motusauja/Cpeka 8 (7.03)
Physiological measures/ITcixonouku Mepu 3.25 (1.20) 96.32 (7.10)
HR 0.7 (0.23)
EDA 92.10 (6.20)
0.3 (0.03)
Single administration/Exsa anMunncTpanja
Vineland/Bunenaunz 109.2 (14.20) 113.7 (7.60)
Rars/Papc 72.6 (8.20) 75.7(7.21)
Raven/Pejsen 6.3 (2.80) 6.8(3.1)
Awaiting
Treatment Group Multiple baseline sessions administration
I'pyna wto yeka TpeTMaH AMHHHCTpaLHja HA TTOBEKE OCHOBHHU CECHH 3.34 (3.98)
Minutes of attention/MuHyTH Ha BHHMaHHe 12 (9.10)
FL 3.40 (2.65) 4 (9.08)
FC 12 (7.05) 2.01 (2.10)
Motivation/happiness/Mornsauuja/Cpeka 3 (7.03)
Physiological measures/[Tcixomnouku Mepu 1.50 (1.20) 68.23 (7.10)
HR 0.2 (0.23)
EDA 65.10 (6.20)
0.2 (0.03)
Single administration/Exsa apMunucTpauuja
Vineland/Bunenana 102.3 (14.20) 102.3(7.60)
Rars/Papc 61.4 (8.20) 61.7(7.21)
Raven/PejBan 4.2 (2.80) 42(3.1)

Bo onHoc Ha MepuTe 3a MOTHBaLujaTa/cpekata u
TCHXOJIOLIKATE TapaMeTpH, HUE TOBTOPHO HajIOBME
3HayaeH eexr. I'pynmHHOT (akTOp NOKaxkyBa 3HauacH
epexr F (1, 51) = 8.6, p<0.01, d=0.92, ucro Taka
(azunor Qaxrop mokaxcysa 3HauaeH edekrt, F (1, 51) =
4.6, p<0.01, d=0.91, u dazara I'pyna X unrepakuujara
nokaxysa 3HauaeH epexr F (1, 51) =7.2, p<0.01, d=0.92.
Osue pesynrati obe3denysaar noka3z neka DGBL uma
edexr Bp3 cpekara kaj cybjexrure co PTT. OcobeHo, Tne
TNOKaXyBaaT MOrojleMa HACOYEHOCT Ha TOIJIEHOT KOH
MOHHMTOPOT, (auujanHata eKCIpecHja, 3BYILH, ABIKEHA
Ha ycTaTa, JBIJKEHA Ha I71aBaTa M KOHBEHLMOHAJHHTE
recToBH BO (hasute Ha mpen W mocie Tectupame. Kako
LITO € OMHIIAHO BO JEJIOT 3a MeToAuTe, pamkuTe (0f 2 10

With reference to motivation/happiness measure and
physiological parameters, we again found significant
effects. Group factor shows significant effect, F (1, 51)
= 8.6, p<0.01, d=0.92, phase factor shows significant
effect too, F (1, 51) = 4.6, p<0.01, d=0.91, and the
Group X Phase interaction show also significant effect
F(1,51)=17.2, p<0.01, d=0.92. These results provided
evidence that the DGBL had an effect on the happiness
of the subjects with RTT. In particular, they showed
higher levels of gaze direction toward the monitor,
facial expression, sounds, mouth movements, head
movements and conventional gestures in the post-test

120

JAEDEKTOJIOUIKA TEOPHJA I ITPAKTHKA 2018; 19(3-4):105-126
DOI: 10.19057/j5¢r.2019.43



Off NPAKTHKATA 3A NIPAKTHKATA

6 MHHYTH OJ] CEKOja Mrpa) oJi pe3eHTal|jaTa Ha BUJIE0-
Kamepara Ha clefiadoT Ha oud Oea KOJAMpaHH Off CTpaHa
Ha [Bajlia HE3aBUCHHM HaOJby[yBaud KOM TOKaKaa
norosop of1 96 %.

Bo ozHOC Ha ()yHKUHOHANHUTE CKalM Ha elHA aMHHH-
CTpallja, He HajAOBME 3HayacH e(eKT Kaj JBeTe IpynH
BO (hasute Ha mpen U nocne tectupame. OBUE pe3ynTaTi
ce coBrmaraaT CO NPETXOJHHTE pPe3yiTaTH BO JIHTepa-
Typata OuJiejku anapaTuTe Ha BUCOKA TeXHoJoruja obes-
OemyBaaT n1000pyBamke Ha CIELU(UIHUTE PE3YNITATH OfL
MIPambeTo, HO MHOTY MajKy nojo0pyBame Ha He3aBH-
cHHUTE (hyHKLMOHANHH cKanH (7).

Juckycuja

I'naBHara 1ien Ha npe3eHTHpaHata paboTa € 1a ce Ipoyyn
yjorata Ha JMTMTAJIHATE WTPH KOU CE YNpaByBaaT coO
Toryes| BO Noao0pyBameTo Ha CIOCOOHOCTUTE 32 BHAMA-
HHe 1 MoTHBawuHja kaj cybjekrure co PTT. IToce6Ho, Hue
MMaBMe 1ie]1 ia TIPOLIeHHMe JJali MMa MOAU(pUKALNU BO
crocobHOCTHTE 3a BHMMaHHE W MOTHBalLlHja, TOCe
ynotpebaTa Ha AUTHTAIHUTE UTPH KOU Ce YIPaByBaaT co
nornes 3a 30 MUHyTH, 5 IeHa BO HeZlenaTa, 3a epHoJ Off
4 nenenm.

Bo onHoc Ha criocobHOCTa 32 BHHMaHHe, pe3ynTaThTe
ykaxcyaat neka DGBL uMaat edyekt Bp3 MHHYTHTE KOH
cyojexror co PTT ru moMuHyBa riieiajku BO HTPUTE H BO
JUIETO0 Ha ucTpaxyBadoT. Ymre noseke, FL u FC
napaMeTpuTe 3a cekoja urpa ce 3rojeMyBaar Bo (a3aTa
nocnie TecTupameTo. OBHE pe3ynTaTH AaBaar J0Ka3 jeka
DGBL moxe na ru mogoOpu CHOCOOHOCTHTE 3a BHHU-
manue kaj juuara co PTT. Cnnuno, DGBL o6e36emyBa
MO3UTUBHU PE3YNTaTH BO OIHOC HAa MOTHBALIMOHHTE
criocobHocti. U nere adexTHBHU (MHIEKC HA cpeka) U
ncuxonowky (HR m EDA) mepu ce 3ronemyBaaT BO
(hazara noce TeCTHpAmETO.

Jlpyra 1ien Ha oBa MCTpaxKyBame Oelle /ja ce aHaIH3ipaaT
pe3yTaTHTE BO OTHOC HA PEe3yATAaTHTE OJ UTPABETO BP3
MepHTe Ha BHUIMaHHE W MOTHBALHja KOU CE OrpaHH4YeHH
Ha OBHE 00JacTH WM Jalu HCTHTE MOXE Jia ce TeHepa-
JM3UpAAT Kaj HE3aBHCHUTE (YHKUHOHATHH BEIITHHA
(kako wmTo ce THe m3MepeHdn o Bunenanm; Ckamute
PAP). Kako mro moxaxane NpeTXOAHHTE UCTPaXKyBamba
(7, 54-55), Hue He ycmeaBMe ja TW momoOpuMme Hesa-
BUCHHUTEe (yHKIMOHANHH BewtuHu. Kako u na e, oBue
pe3yaTaTd yKaxcyBaaT Ha TmofoOpyBame Ha mepgop-
MaHCHTE Kaj pe3yiTaTHTe IOBpP3aHH CO MIPAmBETO Ha
WrpH, BHHUMAHHMETO W MOTHBALMjaTa. 3eMEHH 3aeJHO,
pesyaTaTtHTe HyfaT mojypiuka 3a uaejara neka DGBL
MOXKe e(DeKTHBHO 1a ce KOPUCTH Kaj WHIMBHAYHTE CO
PTT. Kaxo 1mto e HaBeieHO BO BOBEAOT Ha OBa MCTpa-

than in the pre-test phase. As described in the methods
section, the frames (from the second to the sixth
minute for each game) of the video-camera of the eye-
tracker presentation were coded by two independent
observers, who showed an interagreement of 96%.
With reference to the functional single administration
scales, we did not find significant differences from pre-
test to post- test in the two groups. This result is
coherent with previous literature given that high-tech
devices provide improvements in the specific game
performance scores, but relatively little improvement
in independent functional skills (7).

Discussion

The main purpose of the present work was to study the
role of eye-gaze digital games to improve attentional
and motivation abilities in subjects with RTT.
Specifically, we aimed to assess if there were
modifications in attentional and motivation abilities,
after the use of eye-gaze digital games for thirty
minutes, 5 days a week, for four months.

With reference to attention abilities, the results
indicated that DGBL had an effect on the minutes that
subjects with RTT spent looking at the games and at
the experimenter’s face. Moreover, FL and FC
parameters for each game increased in the post test
phase. These findings provide evidence that DGBL can
improve attention abilities in RTT. Similarly, DGBL
provided positive results with reference to motivation
abilities. Both affective (happiness index) and
physiological (HR and EDA) measures increased in the
post-test phase.

Another aim of the present study was to analyse if the
results on the game performance measures, on
attention and motivation measures were limited to
these areas or if they can be generalized to independent
functional skills (as those measured by Vineland,
RARS scales). As previous studies have also shown (7;
54-55), we failed to improve independent functional
skills. However, our findings indicated performance
enhancements in the measures related to game
performance, attention and motivation. Taken together,
the results offer support to the idea that DGBL can be
used effectively with individuals with RTT. As
evidenced in the introduction of the current study, the
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)KyBame, ymotpebara Ha JUTMTalHH UTPH KOM Ce Ympa-
ByBaaT co Iories Kaj jumara co PTT e obiact koja He €
AnabuHCKU UcTpakyBaHa. [lopanu oBHe NPHYHHH, TEIIKO
€ J1a ce CTopesiaT OBHE PE3YJTATH CO JPYrH, aKo ce 3eMe
npensua uero taka aexa PTT uma mHory crnermpuyunun
KapakTepucTukd. M mokpaj Toa, mMOCTOjaT TPUBIIEYHH
aprymMeHTH 3a ymotpebata Ha DGBL op crpana Ha
TEJNECHO CNOCOOHMTE JIMLA M JIMIATA CO IIOMPEYEHOCT.
Axo ce 3emMar IpeiBUA OBHE JOKa3H U TOOHEHHTE pe3yJi-
TaTH, M3NIEJa MOXKHO TPOMOBHPAHETO HA HMIUIEMEH-
TALMjaTa Ha JMTUTaNTHUTE MIPH KOM CE€ yNpaBYBaaT CO
TIOTIE/, BO KOHTEKCT Ha €AyKallhja M Yuerme AYpU U Kaj
reHeTCKuTe cuHapomy, kako mro e PTT. MnHute ncrpa-
)KyBama € NMoTpeOHO Jia ja M3rpajat oBaa OCHOBA M 1A
YTBpZAT KOM TIPENOpaKku 3aCHOBAHM Ha JIOKa3H 3a TOa
kako DGBL moxe pma ce ynorpebyBa BO Bpcka co
cren(pUYHATE KapakTepucTHKH Ha Jjuiara co PTT.
3aroa, 3a fa ce ocurypar moboraTd pesysTaTH, WIHHTE
HCTPaKyBamba MOXAT Ja TO PEIUIMUMpaaT OBa MCTpa-
KyBambe.

Kako 3axmy4ok, oBa HCTpax<yBame Tpejjiara MeTop 3a
3rojieMyBamb¢ Ha HHUBOTO HAa MOTHBALMja Kaj CyOjeKTHTe
co PTT 3a xnuHuyapuTe M cemejcTBata Bo Ko (hOKycOT
Moxke ma 6une DGBL oxonunara. Bakos MeTon Moxe 1a
TIOMOTHE BO pa3BUBame Ha npuctanHy DGBL ammkanun
KoM ke UM Oupar o Kopuct Ha unauBuayute co PTT.

IIpuznanue

ABTOpHTE MM ce 3abnaroyiapyBaar Ha CHTE [I€BOjYHEba U
HHBHHTE CEMEjCTBA KOU CE COTNIacHja [a y4eCTBYBaaT BO
OBa UCTPAKYBAbE.

Kondaukr Ha nuTepecn

ABTopHTE yKax(yBaaT JieKa He TOCTOM KOH(IHKT Ha
HHTEpECH 1 U3BOp Ha (uHaHcHpame. Cute NpoLeaypH Ha
OBa MCTPa)XyBambe KOM BKIyUyBAaaT YOBEYKH YYECHHIH
6ea BO COINIaCHOCT CO €THYKUTE CTaHAAPIN Of HHCTHTY-
LIMOHAJTHUTE U HALMOHAJIHMTE KOMHUTETH 32 HCTPaXKyBarbe
1 co XeNuuHcKaTa Aexnapanuja ox 1964 roanxa u Hej-
3MHHTE aMaHAMaHU WIM eTWuKH ctanpapau. MHpopma-
THBHa corjlacHocT Oerne fo0WeHa Off pOAMTENHTE Ha
YUECHHIIUTE KOH 6ea BKIIy4eHH BO OBA HCTPAXKYBambE.

use of eye-gaze digital games in RTT is an area which
has not been investigated in depth. For these reasons, it
is difficult to compare our results with others,
considering also that RTT has very specific
characteristics. Despite this, there are compelling
arguments for the use of DGBL with the able-bodied
and disabled people. Considering this evidence and the
present results, it seems plausible to promote the
implementation of eye-gaze digital games in the
context of education and learning even in a genetic
syndrome, such as RTT. Future prospective research is
needed to build this foundation and to determine the
evidence-based recommendations on how DGBL can
be used in relation to specified features of people with
RTT. Hence, to ensure richness of data, future research
could replicate the current work.

In conclusion, the present study suggests a method to
increase motivation levels in subjects with RTT for
clinicians and families in which the focus may be the
DGBL environment. Such method can help in
developing accessible DGBL applications that are
useful for individuals with RTT.
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