
OJI nPAKTHKATA 3A nPAKTHKATA 

o,q nPAKTHKATA 3A nPAKTHKATA 

,Ql4n1TAJ1Hl4TE l4r Pl-1 KOl-1 CE YnPABYBAAT co 
nornE,Q n1 no,QO6PYBAAT MOTl4BAL.ll4CKl4TE 
cnoCO6HOCTl4 l4 cnoCO6HOCTA 3A 
3A,QP>KYBAtbE HA BHl4MAHl4ETO KAJ PET­
OBl4OT Cl4H,QPOM 

Poca AHzena <PA5t10 1 

TuHdapa KAnPt1 1 

AHdpea HYLJl1TA 2 

fuHaKapno t1AHt130TO 1 

HacpuH MOXAMA.aACAH/1 2 

1 na6oparopHja 3a K0rHHrnBHO 3ajaKHyeafbe, OMe11 3a 
KornHrnBHH Hayrn, ncHxo11ornja, EAyKa4Hja H KymypHH cry,qHH, 
YHHBep3Hrer o MecHHa, lt1ra11Hja 
2 OMell 38 eAyKa4HCKa reXHO/lOrnja. Kapa3MH YHHBep3HTeT, 
T exepaH, lt1paH 

ITp11MeHo: I 1.07.2018 
ITpmjiarnHo: 03. 09.2018 
Y,[(K 37.02-028.27-056.34 

PeJuMe 

Bose)].: 0.ll. Heo)J.aMHa ce 3a6ene)l<yBa nopacT BO yno­
T))e6ara Ha /J.lffHTMHHTe HTPH KOH ce ynpaByBaaT co 
norne,11 BO o6nacra Ha o6pa3oBaHHeTO. MHory Hcrpa)l(y­
BaJM HMaaT yrnp,11eHo ,11eKa ynoTpe6ara Ha /J.HrHTaJIHHTe 
HrpH KOH ce ynpaBYBaaT co norne,11 HMaaT 3Ha11ajHa 
ynora BO 0OMPIIIKara Ha yqeHHl.\11Te KOH HMaaT nonpe­
'leHOCT. Y'lel-beTO Koe ce 6a3Hpa Ha )J.HrHTaJIHlffe HrpH 
HJIH Ha o6pa30BHHTe Hrp11 HMaaT noTeHUHjan )].a o6e3-
6e,[laT e<jleKTHBHH, MOKHH OKOJIHHH 3a yqel-be BO KOH 
yqeHHI.\HTe co nonpe'leHocT rpe6a ,11a rn pa3BHjaT HJIH ,11a 
rn no,1106paT KOrHHTHBHHTe BelllTHHH. 

A.upeca 1a tcopecnoH)J.eHu.11ja: Poca AHrena <l>AEHO, 
0Men 3a KornHTHBHH HayK11, TTcHxonornja, EnyKal.\Hja 11 
KynrypHH CTYAHH 
YH11Bep111TeT o Mec~rna, I1ran11ja 
Via Concezione 6/8, 98121, MecHHa 
Ten.: 0039-90-344831; fax: 0049-90-5728686 
http://infinitipossibili.jimdo.com 

/1£<1>£KTOHOWKA T£0PI/JA 1/ llPAKTIIKA 20 /8; /9/3- 4) /05- 116 

DOI: I0.l9057~scr.201 9.43 

FROM PRACTICE TO PRACTICE 

EYE-GAZE DIGITAL GAMES IMPROVE 
MOTIVATIONAL AND ATTENTIONAL ABILITIES IN 
RETT SYNDROME 

Rosa Angela FABIO 1, 

Tindara CAPRI 1*, 
Andrea NUCITA 1, 
Ginacarlo IANNIZZOTTO 1, 
Nasrin MOHAMMADHASANI 2 

1 Cognitive Empowerment Laboratory, Department of Cognitive 
Sciences, Psychological, Educational and Cultural Studies, 
University of Messina, 
2 Department of Educational Technology, Kharazmi 
University, Tehran, Iran 

Received: I 1.07.2018 
Accepted: 03 .09.2018 
Original aiticle 

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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MeToi:.: fnaBHllOT qioKyc Ha oBa HCTpa)lcysafhe e ,!\a ja 
HCTpa)l(],I ynorarn Ha ,l\lffHTaJIHHTe HrpH KOH ce ynpa­
BysaaT co nornei:. np11 noi:.o6pyBafheTo Ha MOTHBaI..(H­
CKHTe cnoco6HOCTH H cnoco6Hocrn 3a 3a,l\p)l<yBal:be Ha 
BHHMaHHeTO Kaj nm.(arn co PeT CHH.l\pOM (PTT). ITe,l\eceT 
H ,!\Be HTaJIHjaHCKH nal.(HeHTKH co PTT ( cpe,l\Ha Bpe,l\­
HOC.-12.10, C,ll;=8. 7) yqecrnysaa BO oBa HCTpa)lcyBal:be, 
30 6ea ,!\en O.l\ rpynarn 3a TpeTMaH H 22 lfeKaa 3a BJie3 BO 
rpynarn 3a TpeniaH. H11e KOpHcTeBMe cnope,l\6eH .l\H3ajH 
npe,l\-TeCTHpal-be-nocne-TecTHpaEbe co !.(en ,!\a ce yrnp,l\aT 
6eHeqJHTHTe O,l\ ylfel:beTO Koe ce 6a3Hpa Ha ,l\HrHTaJIHHTe 
HrpH Bp3 napaMeTpHTe 3a MOTHBal.(Hja H 3a,l\p)l<yBafbe Ha 
BHHMaHHeTO. Bo Qla3HTe Ha npe,l\-TeCTHpaFhe H nocne­
TeCTHpaFbe, HeBponcHXOJIOlllKHTe H 611xeBHOpanHHTe 
napaMeTpH 6ea H3MepeHH co ynoTpe6a Ha Texttonornja 
3a cne,l\el-be Ha OKOTO. Bo npHnor Ha ma, MepKl!Te 3a 
3a,l\p)KyBafhe Ha BHHMaHHeTO H MOTHBal.(Hjarn ce npol.(e­
HeTH BO ,l\BeTe qla3H. Bo qia3arn 3a ylfefhe, Ha yqecHH­
LIHTe HM 6ea npeTCTaBeHH ,l\HrHTaJIHH HrpH KOH ce ynpa­
BysaaT co norne,l\, npeTXO,l\HO HHCTaJIHpaHH BO CJie,l\alfOT 
3a OlfH To6H cepHja-1. l1rpHTe KOH ce ynpaByBaaT co 
norne,l\ 6ea no,l\eneHH Ha neT HHBoa: IToBp3yBaEbe co LIPH 
eKpaH, IToMeCTysal:be Ha npe,l\MeTH, 3oHCKO QlOKYCH­
paEbe, AKTHBHO HCYpa)l(ysal:be H KOHTpOnHpaHO TapreTH­
paFbe. 
PeJyJITaTH: Pe3ymaTHTe YKa)l(yBaaT Ha no,l\o6pysaEbe Ha 
nepqiopMaHCHTe 3a 3a,l\p)ICyBafbe Ha BHHMaHHe H MOTH­
BaQHja. 
IlpeAJI03H H 3aKJIY'I0K: ,ll;HCKYCHja 3a pe3ymaTHTe BO 
HaCOKa Ha HHBHa HMnJIHKaQHja 3a no.l\,l\p)ICyBaEbe Ha 
ynoYpe6arn Ha ,l\HrHTaJIHHTe 11rp11 KOH ce ynpaBysaaT co 
norne,l\ BO e,l\yKaQHjarn 11 ylfefheTO Ha npe,l\MeTH Kaj 
JIHL(arn co PTT. 

Kny•mu J6opoau: Peiu c11Hgpo.M, Y'le1ve Koe ce 6a3upa 

HQ g11211111aJ1Hllll/e 112p11, K02Hllll/ll6HQ qJ)'HKl\llOHQJ/HOClll. 

Boeeo 

YlfefheTO Koe ce 6a3Hpa Ha .l\HrHTanHHTe HrpH (DGBL) 
ce O,l\HecyBa Ha ynoTpe6a Ha KOMnjyYepcKH HTpH npH 
y'lefheTO 11 e,l\yKal.(ajarn (I). Ko~rnjyYepcKl!Te Hrp11 
npH:MapHo ce .l\H3ajH11paHH 3a 3a6aBa .l\O,l\eKa e,l\yKaTHB­
HHTe 11rp11 ce KOpHCTaT 3a yqefhe HJIH pa:rnoj Ha BelllTH:HH 
(2). YnoTpe6arn Ha KOMnjyYepcKHTe 11rpH 3a DGBL, 
reHepaJIHO, ce H:MeHysaaT KaKO ,,e,l\yKaTHBHH HrpH". 
OBHe ,!\Ba BH,l\a llIJlH cno,l\enysaaT MHOry TeXHHlJKH KOM­
noHeHTH, HO ce pa3mmysaaT Bo HaMeparn 3a HHBHaTa 
ynoTpe6a H BO AH3ajHOT Ha HH:BHaTa CO,l\p)l(HHa. 
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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) pa1ticipated 

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, pmticipants 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 Conh·olled 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 supp01ting 

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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O,ll nPAKTHKATA 3A nPAKTHKATA 

DGBL e )l.1najm1paHo 3a )I.a m Hay•rn nyreTO Ha cne-
1.\H<i>M'IHH cnoco6HOCTH, 3al.\BPCT)'BaH,e Ha pa3BOjOT, pa3-
611pae,e Ha HCT0pHCKH HaCTaHH HJIH KYJITYPHH TeMH, HJIH 
)I.a HM noMorne BO yqe!heTO A0AeKa 11rpaaT (3-5). ,ll;onon­
HHTeJIH0, DGBL M0)lce )I.a ce )l.e4>11H11pa KaKo MeAHYM 3a 
3a6aBa KOj e C03)],a)],eH )I.a npH,ll,0Hece 3a K0rHHTHBHHTe 
npoMeH11 Kaj 11rpa'-IHTe (I, 6). 
JaK11Te cTpaHH Ha DGBL ce MHory 11 pa3JIH'-IHH. IlpBo, 
e,ll,)'KaTHBHHTe 11rp11 M0)l(e )I.a no)],)l.p)l(yBaaT MYJITHCeH-
30pH0CT, aKTHBH0CT, HCKYCTB0, yqee,e 3aCH0BaH0 Ha 
npo6neM11, me M0)l(e )I.a np0M0BHpaaT aKTHBal.\Hja Ha 
npeTX0AHHTe no3HaBae,a aKo 11rpa'-111Te rpe6a )I.a ynoT­
pe6aT HH<!>OpMal.\HH KOH npeTX0)l.H0 rH Hay'-IHJie 3a )I.a 
o)l.aT '-leKop norope. BTopo, me 06e36eA)'BaaT M0MeH­
TaJieH <1>11)1.6eK, OB03MO)l(yBajKH HM Ha 11rpa'-IHTe )I.a Hay­
'-laT 0)1. HHBHHTe aKTHBH0CTH. TpeTO, nte M0)l(e )I.a ro 
npoM0BHpaaT pa3BOjOT Ha pa3JIH'-IHH BellJTHHH, KaK0 IIIT0 
ce KpHTH'-IK0 pa3MHCJiyBae,e, BellJTHHH 3a pelllaBalbe Ha 
npo6neMH, cnoco6HocT 3a 3a,ll,p)lcyBae,e Ha BH11MaH11eTO 
(7-8). 
DGBL ce no'-lecTO ce Kop11crn noMefy JI111.\aTa co nonpe­
'-leH0CT, HO 11 ,ll,pyr11Te JIHl.\a. OBHe 11rp11 Haj'-leCTO 6apaaT 
ynorpe6a Ha rncrnrypa 11 KOMnj)'TepcKo rnyB'-le KaKo 
CTaH,ll,ap,ll,HH ype,ll,H 3a 11HD)'T. Kora BaKBaTa ynoTpe6a He 
e C00)l.BeTHa 3a K0p11CHl1K0T co nonpe'-leH0CT 11 JIM'IH0CTa 
co nonpe'-leH0CT HMa )l.06pa K0HTpona co Her0BHTe 0'-IHH 
MYCKYJIH, )J.0)l.eKa ynoTpe6arn Ha ,ll,pyr11Te M0TOpHH Myc­
KYJIH e 113ry6eHa, B03MO)ICH0 e MHory e<!>eKTHBHO )I.a ce 
K0pHCTH norne,ll,0T KaK0 11HTepaKl.\11ja co )l.lffHTaJIHHTe 
HrpH. Ilorne,ll,OT e HHTepaKI.\Hja Koja BKJI)"lyBa ca~rn eA­
H0CTaBH0 rJie)],albe BO eKpaH0T )1.0)1.eKa )],BH)l(elbeT0 Ha 
0'-IHTe ro 3aMeH)'Ba )l.BIDKeH,eTO Ha KOMnjyYepCKOTO 
rJI)'B'-le. 
3roneMeHa e ynorpe6arn Ha AHrHTaJIHl1 Hrp11 KOH ce 
ynpaB)'BaaT co norne)l. BO noneTO Ha o6pa30BaHHeTO. 
MHory 11cTpa)IC)'Bae,a yKa)lcyBaaT )l.eKa ynorpe6arn Ha 
)l.HrHTaJIHH 11rpH KOH ce ynpaByBaaT co norneA, Hrpa 
roJieMa ynora BO D0MplllKaTa Ha yqeHHI.\HTe co HHTe­
JieKT)'aJIHa nonpe'-leH0CT (9-11 ). Ilopa,ll,H 0BHe npH'-IHHH, 
)l.HrHTaJIHHTe HrpH KOH ce ynpaByBaaT co norne)], M0)l(e 
)I.a 611)1.aT noHy,ll,eHl1 KaK0 noTeHI.\HjaJIHO cpe,ll,CTB0 3a 
y'-lelbe Kaj JIHl.\aTa co nonpe'-leH0CT, KaK0 IIIT0 ce JIHl.\aTa 
co PeT-OB CHHAp0M (PTT). 
PTT e Hap)'lll)'Balhe Ha HeBp0JI0IIIKH0T pa3BOj KOj e npe­
)l.H3BHKaH 0A M)'Tal.\HH Ha MECP2 reH0T Koj 11Ma BJI11ja­
HHe Kaj 0K0JIY 1 0)1. 10.000 po,ll,eHH )l(eHCKH ,ll,el.\a (12-16). 
KJIHHH'-IKHTe MaH114>eCTal.\HH M0)l(e )I.a BKJl)"-l)'BaaT TellJKH 
JIHHrBHCTH'-IKH H M0TOpHH 0llJTeT)'Balba KOH ce Cp)l(Ta Ha 
<!>eHOTHnCKHTe CHMnT0MH (17-20). HeBpOJIOIIIKHTe a6-
H0pMaJIH0CTH ce pe4>neKTHpaaT Ha HeK0JIKY 6HxeBHO-
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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). h1 addition, DGBL can be 

regarded as an ente11ainment medium designed to bring 

about cognitive changes in its players (I; 6). 

The strengths of DGBL are many and varied. Firstly, 

educational games can suppo11 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 inunediate 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 suppo1iing 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 I 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 impainnents 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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paJJHH H KOfHHTIIBHH OlllTeTyiiaH,a, KaKO IllTO ce CTepeo­
THnHTe, 3ary6a Ha rOBopoT H BelllTHHHTe co pal\eTe, 
anpaKcHja, HeperynapHo .I\HllleH,e co xttnepBeHTHJJal\Hja 
,I\O.l\eKa llill\eTO e pa36y,l\eHo H lfMa qecTH Hana,I\H 
(21-27). 
I1 noKpaj TBp,l\elhaTa ,l\eKa HeBpOJJOillKHTe 33CHOB3HH 
KOfHHTHBHH H 61fXeBHOpaJJHH ,l\e<jJHL\HTH Kaj HH,I\H­
BH.I\Yl1Te co PTT e TernKo ,!\a ce npoMeHaT HJJH no,l\o6paT, 
HeKOJJKY HCTpmKyBallia lfMaaT noKall<aHO ,l\eKa JJHL\3Ta co 
PTT MO)l(e ,1\3 nocrnrnaT nOBHCOKO pa3BOjHO HHBO BO 
KOfHHTHBHaTa o6JJaCT 0,1\ OHa IllTO e npeTXO,I\HO BOCno­
CTaBeHO BO JJHTeparypaTa (23, 28-34), co ynoTpe6a Ha 
KOrHHTHBHa pexa6HJJl1Tal\11ja. Ha npHMep, nOHOBl1Te 
11cTpa)KyBallia YKa)l(yiiaaT ,l\eKa ,l\eBoj•rnH,aTa co PTT 
noKall(}'BaaT no,l\o6pyiialbe Kaj ceJJeKTl1BHOTO BHlfMaHHe, 
BO cnoco6Hocrn ,!\a ce npeno3Hae BpeMeHcKa H npocrnp­
Ha BpCKa 11 HaMaJJyBalhe Ha noTpe6HaTa nOMOill 3a BpeMe 
11 nocne KOfHHTHBHOTO 3ajaKHyBalbe (35). 
KaKo H ,!\a e, ynorpe6arn Ha ,l\lfrHTaJJHHTe 11rp11 KOH ce 
ynpaByiiaaT co name,!\ 3a JJHL\aTa co PTT ce yrnTe e 
He11cTpa)l(eHa o6nacT. Cnope,I\ Harn11Te no3HaBaH,a, BO 
Hl1TY e,I\HO 11CTµ3)KyBalbe He ce ynoTpe6eHH ,I\HrHTaJJHH 
11rp11 KOH ce ynpaByBaaT co name,!\ Kaj PTT cy6jeKTHTe 
BO HHTY e,I\Ha O.I\ e,I\YKaTHBHHTe Hi11JJH pexa611n11rn­
L\HOHHTe o6JJaCTH. IToBeKeTO HCTpa)l(yiialha, KaKO UITO e 
HaBe,l\eHO norope, BOBeJJe Tpa,l\lillHOHaJJHa no,1\,1\plllKa 
11JJH name,!\ (KaKO IllTO ce TeXHOJ!OrHHTe 3a CJJe,l\elhe Ha 
OKOTO) 33 n0,1\,1\plllKa 11 OJJeCHyBaH,e Ha KOMYHHK31\11-
CKl1Te 11 KOfHHTHBHHTe cnoco6HOCTH Kaj 11H,I\HBH,I\Yl1Te 
co PTT. I1aKo lfH,I\HBl1.I\YHTe co PTT HMaaT MHory cneL\11-
<jJH'lHH KapaKTepHCTHKH, npH,I\06HBKa 611 611ne ,l\11rHTaJJ­
HHTe 11rp11 KOH ce ynpaByBaaT co name,!\ 11 Kaj JJHL\aTa co 
PTT. 3acHoBaHo Ha nOTeHL\11janoT Ha DGBL 11 e<jJeKrnB­
Hocrn Ha TexHonorn11Te 3a name,!\, maBHarn L\eJJ Ha OBOJ 
TPY.I\ e ,1\3 ce npoyqH ynorarn Ha ,I\HrHTaJJHl1Te HrpH KOH 
ce ynpaByiiaaT co name,!\ BO no,l\o6pyiiaH,eTO Ha MOTH­
Bal\HCKHTe cnoco6HOCTH 11 cnoco6Hocrn 3a 3a,l\p)K}'BaH,e 
Ha BHHMaH11eTO Kaj ,l\eBOj'lHlhaTa co PTT. IToce6Ho, 
Harnarn L\eJJ 6erne ,!\a npol\eHHMe ,l\aJJH lfMa np0Mem1 HJJH 
MO,l\11<jJHK31\1111 BO cnoco6HOCTHTe 3a 3a,l\p)KyBaH,e Ha 
BHl1M3HHeTO H MOTHBal\11CKHTe cnoco6HOCT11 Kaj 30 cy6-
jeKTH co PTT, nocne rpHeceTMHttyrna ynorpe6a Ha 
.I\IffHTaJJHH 11rp11 KOH ce ynpaByiiaaT co name,!\ BO neT 
,l\eHa BO He,l\enarn, 3a nepHO.I\ O.I\ qernp11 MeCeJ..\11. 
Ype,I\H 3a CJJe,l\elhe Ha OKOTO 6HJJe KOpHCTeHl1 BO HCTpa­
)l(}'BalhaTa 3a e,I\YKaT11BHHTe 11rp11 Bo HacoKa Ha aHan11-
311pa!he Ha rneMHTe Ha BHl1MaHHe Kaj ,I\HrHTaJJHHTe HrpH 
KOH ce ynpaByiiaaT co name,!\ (36). HeKOH aBTOpH, HCTO 
TaKa, ja npOL\eHHJJe e<jJeKTIIBHOCTa Ha BHpryeJJHaTa OKO­
JJHHa BO HrpHTe npeKy aHaJJH3a Ha BH3yeJJHOTO BHlfMaHHe 
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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 ce1tain 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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0/j nPAKTHKATA 3A nPAKTHKATA 

co KOpHCTefbe Ha Hanpaea 3a CJie):\efbe Ha OKOTO (37-38). 
IloHarnMy, HeKonxy HCTPa)l{yeafba (39-41) ja noMp~­
eaaT x1moTe3aTa AeKa aHanH3aTa Ha napaMeTPHTe 3a 
CJie):\e!he Ha OKOTO, KaKO IIITO ce <jmKca1111jarn H OTCe'I­
HHTe ABH)l{e!ha 3a BpeMe Ha H3BeAyBa!he Ha HeKOH 
3aAa'lll, ce noBp3aHH co cnoco6Hocrn 3a BHHMaHHe. 
IlopaAH CHTe OBHe npH'IHHH, BO OBa HCTpa)l{yBa!he, HHe 
ro H3MepHBMe BHHMaHHeTO npeKy napaMeTpHTe 3a 
CJie):\elhe Ha OKOTO, AOIDKHHaTa Ha cjl11Kca1111jarn H 6pojoT 
Ha cjl11Kca1111jarn. 
Bo OAHOC Ha MOTHBal(HCKHTe cnoco6HOCTH, TelIIKO e Aa 
ce yrnpAH cTeneHOT Ha MOTHBa1111ja Kaj n1111arn co PIT, 
fiHAejKH HHBHHTe KOMyttHKaTHBHH cnoco6HOCTH ce Hao­
taaT Ha npe HJIH npoTO CHM60ml'IKO HHBO (42). KaKO 
MeTOAOJIOIIIKH pe3yJJTaT, KpHTepHyMOT 3a Aecjl11m1paH,e 
Ha CTeneHOT Ha MOTHBa1111ja 11ecTO YKa)lcyea Ha ABOjHa 
HHTepaKL(Hja (6JIH3HHaTa Ha TeJIOTO co KOMYHHKal(H­
CKHOT naprnep HJIH 11ema 3a CTHMYJI) HaCO'leHOCT (011e­
Kyeafbe Ha 6HXeBHOpanHH npoMeHH Kaj naprnepOT 11 
H3pa3yea!he Ha 6naroAapHOCT 3a ocrnapyeafbe Ha 11en11-
Te ), AHpeKTHOCT (HacoqyBafbe Ha OAHecyealheTO KOH 
OMeJIHa JIH'IHOCT) H cjia1111janHa eKcnpecwja ( 43). Bo 
npwnor Ha TOa, 3Hal(HTe Ha MOTHBal(HCKa B036yAa 
BKJiyqyea npoMeHH BO aKTHBHOCTa Ha HeBOJieBHOT 
MOTOpeH (aBTOHOMHHOT) CHCTeM (44). 3arna Ha~1any­
BaH,eTO HJIH 3fOJieMyea!heTO Ha nyncoT H KO)l{HHOT 
npOTOK Ha KpBTa (Bl.\pBeHyBaH,e HJIH CTattyea!heTO 6neA) 
HCTO TaKa MO)l{e Aa npocneAyBaaT pa3JIH'IHH eMOL(HO­
HMHH HJIH MOTHBal(HCKH cjla3H. Ha npHMep, llleMaTa Ha 
nCHXOJIOIIIKH OAroBOp Ha cpeKa ce KapaKTepH3Hpa co 
3roJieMyealbe Ha cp11eBHTe (nyncoT) 11 eneKTpOAepMan­
HHTe aKTHBHOCTH (EM) (45). IlopaAH OBHe np111111H11, BO 
OBa HCTPa)ICyBa!he, HHe fH H3MepHBMe MOTHBal(HCKHTe 
cnoco6HOCTH BO HacoKa Ha acjieKL(HOHHTe (HHAeKCOT Ha 
cpefa) 11 ncHXOJIOIIIKHTe (nyncoT 11 EM) OAroBopw (46). 
~yra 11en Ha oBa HCTPa)KyBaH,e 6e1I1e Aa ce aHanH3wpa 
AMH pe3yJJTaTHTe 3a BHHMaHHeTO H MOTHBal(HCKHTe 
MepKH ce orpaHH'leHH 3a OBHe o6naCTH HJIH AMH me 
MO)l{aT Aa fiHAaT reHepaIIH3HpaHH Kaj HHAHBHJ:IYMHHTe 
cjlyttKL(HOHMHH BelIITHIDI. 

Memoou 

Y11ecH111..u1 

Bo HCTPa)l{yea!heTO yqecrnyeaa 52 HTanwjaHCKH cy6jeK­
rn co PIT. B03pacrn Ha yqecHHl.\HTe ce ABIDICH OA 2 AO 
33 roAHHH (cpeAHa epeAHOCFl2.IO roAHHH, C,l(= 8.70). 
Y11eCHHL(HTe ce perpyrnpaHH OA HTaJIHjaHCKaTa Aco1111-
ja1111ja 3a PeT, Kaja rn KOHTaKrnpa ceMejcrnarn Ha na1111-
eHrnTe 11 rn npallla AaJIH caKaaT Aa 6HAaT AeJI OA OBa 
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parameters, fixation length (FL) and fixation count 

(FC). 

With reference to motivational abilities, it is difficult to 

determine the degree of motivation in persons with 

RTI, 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 (heatt 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 RTI participated in the 

study. Pmticipants' 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 pmticipants were diagnosed in Italian Centres 

specialized in RTI 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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HCTpall<yBatt,e. THe ,11,oj,11,oa 0,11, cHTe ,11,enoBH Ha l1TanHja. 
CHTe )"leCHHI.\H 6Hne ,11,HjarHOCTHI.\HpaHH BO HTanttjaH­
CKHTe l..(eHTpH cne11HjanH3HpaHH 33 PeT-OBHOT CHH,11,p0M H 
6ea Bo noCTperpecHoHarn cpa3a 0,11, HapymYBatt,eTO, 95 % 
HMaa HeK0nKy HHTeneKTYMHH nonpe'!eH0CTH H He 
M0)l(ea ,11,a ro K0pHCTaT roB0p0T. CHTe rral..(HeHTH IJ0Kall<aa 
Mana HnH HHKaKBa HaMepHa yrroYpe6a Ha pal..(eTe H c1mHH 
cTepeoTHnH Ha pal..(eTe. Mollrnocrn ,11,a 0,11,aT 6erne 3aqy­
BaHa Kaj 52 % 0,11, nal..(HeHTHTe. CHTe y'!eCHHl..(H 6ea 
I103HTHBHH 33 MECP2 MyY81..(HH. 
Y'!eCHHl..(HTe 6ea rro,11,eneHH BO ,11,Be rpyrrH: 30 KOH ,11,06H­
saa TpeTMaH (rpyrra Ha TpeTMaH) H 22 KOH HeMaa ,11,06He­
H0 HHTepseHl..(Hja ('!eKaa ,11,a 6H,11,aT ,11,en 0,11, rpyrrarn 3a 
YpeTMaH). 

MaTepHjaJIH II HHCTpyMeHTH 
[(112m11GJ1H11 112p11 Kou ce yiipaeyeam11 co iiomeg. ,ll;ttrH­

TanHHTe HrpH KOH ce yrrpaBYBaaT co rrorne,11, 6ea HHCTa­
nHpaHH BO cne,11,a'I0T Ha 0'IH To6H CepHja-1. To6H CepH­
ja-I 6erne yrroTpe6eH 1a CHHMatt,e Ha BH3yenHH0T 0,11,ro­
sop Ha cy6jeKTOT Ha ,11,HrHTanHHTe HrpH KOH ce ynpasy­
saaT co rrorne,11,. OBaa HanpaBa CHHMa oKynapHH ,11,Bm1<e­
tt,a KaK0 lllTO ce noKal..(Hjarn H BpeMeTpaeH,eTO Ha 0KY­
napHaTa cpHKCal..(Hja (rray3Hpatt,e Ha ,11,BH)KeH,eTO Ha 0K0T0 
Bp3 rrpe,11,MeT 0,11, HHTepec) H ceKa,11,HlJHH ,11,BH)l(eH,a (6p3H 
,11,BH)l(eH,a noMefy cpHKC31..(HHTe). Y'leCHHl..(HTe 6ea II03H­
l.\H0HHpaHH Ha ,11,anelJHHa 0,11, 0Kony 30 cm 0,11, eKpaH0T H 
HacoKarn Ha norne,11,oT 6erne yrnp,11,eHa cornacHo co 
Mern,11,oT 3a 11ettrnpoT ua 3eHHI.\HTelMeT0,11, Ha 1<opeanHa 
pecpneKCHja Ha HHcppal..(pBeHll cserna co HH30K HHTeH-
3HTeT. CocprnepoT 3a cne,11,ett,e Ha rracHBHH0T rrorne,11, 
(LCT, Cao Ilaono, Epa3Hn) 6erne yrroTpe6eH 1a reHepH­
patt,e Ha rro,11,aTOl..(H 38 BpeMe Ha BH3yenH0TO CKeHHpatt,e, 
FX ceH3opHoTO 0K0 e ceT Ha 30 cocprnepcKH arrnHKal..(1111 
1<011 ce co1,11,a,11,eID1 1a HajpaHHTe cTerreHn Ha KOMnjyTep­
CKH rrp11crnrr co rrorne,11,. CocprnepoT e rro,11,eneH Ha 5 
HHB0a Ha HCTp3)1(Y83H,e, Ce1<oe HHB0 ,11,eflYBa K3K0 Tpe­
HHHf 3a rro,11,06pYBatt,e Ha crroco6Hocrn 1a BHHMaHHe: 
IlpBo HHB0: fne,11,att,e Bo rrpa3eH e1<paH. fne,11,att,eTO BO 
rrpa3eH eKpaH HM 0B03M0)l(Y83 Ha cy6jeKTHTe ,11,a ja HC­
Yp3)K3T rrpH'!HHarn H ecpeKTOT - Kora Ke rrorne,11,HaT, Hern­
TO ce cn)"IYBa, a Kora Ke ro YprHaT rrorne,11,oT, rrpecrn­
HYBa - osoj 1<0H11em e cpyH,11,aMeHrnneH 3a )"len,e Ha 
rrorne,11,oT H rroTpe6arn ,11,a ce HCTpa)l(yBa (IlpHKa3 I). 
11rparn Koja 6erne H36paHa 3a oBa HCYpall<yBatt,e e 
Sensory Circles - CeH3opHH 1<pyroBH. 
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was preserved in 52% of the patients. All the 

participants were positive for mutations. 

Patticipants 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 patticipant 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 FX is 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 I: 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 I). The game chosen for the present 

study was Sensory Circles. 
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0,11 nPAKTHKATA 3A nPAKTHKATA 

- Black Screen Engagement 

Cnu«a 1. I'nega/-be BO iipG3eH eKpaH 

Bropo HI-IBO: TipeMecryBaH,e Ha npeAMeT. AKTIIBHOCTHTe 
3a npeMecryaaH,e Ha npeAMeT BKJ1Y'!)'Baar HeKOH OA Me­
TOAHTe Ha norne,[(OT KaKO lllTO ce cpyHKI.\HHTe 3a HaOfaH,e 
H OCHOBHO H111llaHe11,e - ryKa cy6jeKTHTe MO)l(e ,[\a ce 
3A06Hjar co norone~rn caecr 3a ma KaKo 6nH3HHara Ha 
HHBHHOT norne,[( ro aKTIIBHpa 0,[(fOBOpOT O,[( CO,!\p)IU[HaTa 
Ha OApeAeHa o6nacr Ha eKpaHOT (Tip1-1Ka3 2). Mrpara Koja 
6ellle H36paHa 3a oaa HcrpmKyaatt,e e Scatter (4-ra) .. 

- Ol)jects Displacement 

II■ 
Cnu«a 2. llpv.1ecwyBa/-be Ha iipegMeiu 

Tpern HHBo: 3oHcKo cp0Kyc11patt,e. Cnoco6Hocra Aa ce 
raprerHpa OApeAeHa o6nacr OA eKpaHOT e 3Ha'!aeH '!eKop 
BO Y'le11,ero .[(a ce KOHTponHpa Kypcopor Ha KOMnjy­
repcKoro rnya'le. Bo oaa HHBO, HHe caKaMe cy6jeKTHTe 
,[\a M0)1(8T ,[\a 3anO'!H8T ,[\a ro cpHKCHpaaT HHBHHOT norne,[( 
38 ,[(a noCTHrHaT noBHCOKO HHBO Ha KOHrpona H npel.\H3-
HOCT. Ha OBa HHBO, HHe pa3BHBaMe BelllTHHH KOH ce 
HeonxoAHH 3a Aa ce nocrnrne ycnellltta KanH6pal.\Hja 
(TipHKa3 3). 11rpara Koja 6ellle H36patta 3a oaa Hcrpa­
)l()'Balhe e Whack (aropa). 

- Zonect Focusing 

Cnu«a 3. 3oHc«o q1o«yc11pa1-be 
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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). 

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). 

Figure 3. Zoned focusing 
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lfernprn mrno: AKTHBHO 11crpa)l{}'B31he. O.D, npmrnpHO 
3HalfeH,e e cy6jeKTl1Te .D,a 611.D,aT MOTl1B11paHl1 33 .D,a ce 
TIOBp3aT co eKpaHOT. AKTHBHOCTl1Te 33 aKTl1BHO 11crpa­
)K}'Balbe rn oxpa6p}'BaaT cy6jeKT11Te .D,a ce noBp3aT co 
TIOll111pOK3Ta o6JJaCT Ha eKpaHOT 11 .D,a ce 3a6aB}'B33T 
.D,O.D,eKa fl1 KOp11CTaT HHBHHTe OlfH (Tip11Ka3 4). I1rparn 
Koja 6ewe 1136paHa 3a oBa 11cTpmKyBalbe e Shooting 
(3-rn). 

- Active Exploration 

CJ111Ka 4. AKtUIIBHO l/CtupaJ/C)'Ba/-be 

TTerro HHBO: KoHrpon11paHo rnprernpalbe. AKTHBHOCT11-
Te 33 KOHTpOJJHpaHO rnprernpalbe MO)l{e .D,a HM TIOMOrHaT 
Ha cy6jeKTl1Te .D,a TIOCTHrHaT noroJJeMa KOHTpona, 
TIOBl1COKO Hl1BO Ha npeU.113HOCT 11 TIO.D,eTaJJHO pa3611palbe 
Ha Q>YHKU.Hjarn (TTp11Ka3 5). I1rparn Koja 6ewe H36patta 
3a OBa HcrpmK}'Balbe e Bee ( 4-rn). 

- Controlled Targeting 

CJlltK{I 5. Komupom1paHO 1uap2etu11paHJe 

Pe3ymaT11Te O.D, ttrpalbeTO orrnwyBaaT KOJJKY .D,o6po 
11311rpane yqecHHU.HTe. OBHe MepKH ce cneu.mj>HlfHH 3a 
ceKoja Hrpa O.D,.D,eJJHO. Bo O.D,HOC Ha aKTHBH0CTa 3a 
rne.D,albe BO npa3eH eKpaH, 6H.D,ejKM Hrparn 3anHpa Kora 
cy6jeKTOT Ke norne.D,He H3.D,B0p O.D, eKpaH0T, 6pojoT Ha 
MHHYTH Ha ceneKTHBHO BHMM3HHe 6ewe H36paHO K3KO 
33BHCHa BapHja6JJa. Bo O.D,HOC Ha 3KTl1BHOCTa 33 npeMe­
CT}'B3H,e Ha npe.D,MeT, 6H.D,ejK11 6JJl13HH3Ta Ha norne.D,0T ro 
aKTl1BHpa 0.D,rOBOpOT 0.D, C0.D,p)l{HHaTa BO O.D,pe.D,eHa 06-
JJaCT Ha eKpaHOT, 6pojoT Ha norO.D,01\H BO TIHTa, Ha 
npHMep, co norne.D, 6erne 3eMeH KaKo 33Bl1CHa Bap11ja6na. 
Bo 0.D,HOC Ha 30HCKOTO cjl0Kyc11palbe BO Hrparn, 6H.D,ejKM 
cnoco6Hocrn .D,a ce Taprernpa o.D,.D,enHa o6nacT 0.D, eKpa-
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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). 

Figure 5. Controlled targeting 

Game perfonnance scores describe how well 

paiticipants 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 ce11ain area of 

the screen, the number of pies hit, for example, tluough 

the gaze was considered as the dependent variable. As 

regards the zoned focusing game, since the ability to 
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011 nPAKTHKATA 3A nPAKTHKATA 

HOT 6erne aKTHB11paHa, 6pojoT Ha T0pT11 BO Jil11_\eTO 6erne 
1136paH 3a 38B11CHa Bap11ja6Jia. Bo 0,1\H0C0T Ha aKTl1BH0TO 
11CYpa)KyBalbe, 611,11ej1<11 CTl1MYJI0T 6erne l_\eJI0CH0 npeT­
CTaBeH Ha l_\eJI110T eKpaH 11 cnoco6HocTa ,11a ce ¢aTaT 
6p30 6erne aKTHBHa, 11 6pojoT Ha y,11peH11 OBOrnja co 
norne,11 6erne 3eMeH 3a 3aBl1CHa Bap11ja6na. Bo o,11Hoc Ha 
aKTl1BH0CTl1Te 3a K0HYp0JI11paH0 rnpreT11paH,e, 611,11ej1<11 
cnoco6Hocrn 3a aKTHB11paH,e Ha noroneMa K0HTpona Ha 
0K0TO e noTpe6Ha 3a 11rpaH,e Ha oeaa 11rpa, 6pojoT Ha 
y,11peH11 wien11 6erne 3eMeH 3a 3ae11cHa Bap11ja6na. Pe3yn­
TaT11Te 0,11 11rpalbeTO He 6ea rpernpaH11 KaKo cnel_\11¢w1-
HH napaMerp11 0,11 BJI11jaH11eTO Ha HHTepBeHl_\Hjarn, HO 
KaK0 K0HTpona 3a e¢11KaCHOCTa 38 yqeH,e. 
}fHgeKC HG 6Hl/AWHl/e. 3a npol_\eHKa Ha cnoco6HOCTa 38 
BH11MaH11e 6ea ynorpe6eH11 ,11Be MepKH: epeMeTO Ha reHe­
panHo BHHMaHHe lllTO cy6jeKTOT ro o6pHaJI Ha C0,llp)KH­
HaTa (BpeMe noMHHaT0 BO rne,11aH,e Ha JIHl_\eTO Ha eKcne­
p11MeHTop0T HJIH 11rparn) 11 MepKHTe 38 CJie,lleH,e Ha 
0K0TO. Bo 0,1\H0C Ha CJie,lleH,eTO Ha 0K0TO, CJie,llHHTe 
napaMeTpH 6ea npecMeTaHH: ,11omKHHa Ha ¢11KC81\Hjarn 
(FL), Koja e KonwrnHarn Ha BpeMe (ceKytt,1111) noMHHarn 
0,11 cTpaHa Ha cy6jeKTOT Kora rne,11a Bo l_\eJITa (cnel.\H­
¢wrna 3a ceKoja Hrpa o,11,11eJIH0 ), 6pojoT Ha ¢HKCal.\HH 
(FC), K0JIKY naTH cy6jeKTOT norne,11HaJI BO l_\eJITa. 
<l>11Kcal_\1111Te 6ea H3MepeHH co ynoTpe6a Ha npar 0,11 100 
ms. CHTe 0BHe MepKH, npe,11 H nocne TeCTHpalheTO, 6ea 
co6paHH nemaTH H 6erne 3eMeHa npe,!IBH,11 cpe,11Harn 
Bpe,11H0CT. 
l1HgeKCOiii HG MOll/116Gl\lljG. 3a npol_\eHKa Ha M0THBal_\11-
CKHTe cnoco6HOCTH, HHe K0pHCTeBMe HeK0JIKY napaMe­
YpH ,11e¢HHHpaHH KaK0 ,,HH,lleKC Ha cpeka". OBoj napa­
Mernp 0,11 TaKCOHOMHjarn Ha BaH ,ll,ep MaT 01 an der 
Maat) (47) Koja ce 38CH0Ba Ha eKCTeH3HBHH aHaJIH3H Ha 
K0MyttHKal_\HCKHTe aKTHBH0CTH Ha JIHl_\aTa co TernKa 
HHTeJieKTyanHa nonpeqeH0CT co HHBHHTe HerYBaTeJIH. 
OBaa TaKCOHOMHja ce C0CT0H 0,11 ,11BaHaeceT rnaBHH 
KaTeropHJ1 Ha 61fXeBHOpaJIHH ¢opMH: (1) HaC0Ka Ha 
norne,110T, (2) ¢al.\HjanHa eKcnpecHja, (3) 3BYI.\H, ( 4) 
,11p)l<eH,e Ha rnaBarn, ( 5) ,11BH)KeH,e Ha rnaBarn, ( 6) 
,11p)l(eH,e Ha TeJI0T0, (7) ,llB],()KeEbe Ha ,ll0JIHHTe eKcrpe­
MHTeTH, (8) ,llB],()KeEbe Ha ropHHTe eKcrpeMHTeTH, (9) 
,llBIDKeEbe Ha ycrnrn, (10) nclfX0JI0lllKa peal(l_\Hja, ( 11) 
arpecHja H ( 12) K0HBeHl_\H0HaJIHl1 recTOBH. ,ll,oroBopoT 
TIOMefy yqeCHHI.\HTe 6erne 96 %. 3a C03,11aBafbe Ha noBe­
Ke napaMerp11, HHe 3e,1I0BMe 7 0,1\HecyBaEba 0,11 TaKC0H0-
MHjarn Ha Batt ,l],ep MapT (1992). Toa ce: HacoKa Ha 
norne,110T, ¢al.\11janHa eKcnpecHja, 3BYI.\11, ,llB],()KeH,e Ha 
ycrnrn, ncHX0JI0lllKH peal(l_\HH, ,!IB],()Kelbe Ha rnaBaTa ],( 
K0HBeHl_\H0HaJIHH reCTOBH. fH CHHMHBMe 0BHe reCT0BH 
co noMorn Ha KaMeparn Koja e ,11en 0,11 cne,11aqoT Ha oq11Te. 
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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 

h·eated 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 I 00ms. 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 ( 4 7) 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 ( I 0) 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-
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)],Bajl.(a He3aBHCHH Ha61hyJJ.yBa'lH rn rne)J.aa BH)J.earn 11 
MapKHpaa Ha JIHCTa )J.aJIH ce np11cyrHH CHTe 7 0)J.He­
CYBalha 11 )J.a)J,oa Bpe)J.H0CT OJJ. I 38 np11cyrHH 11 0 aK0 He 
ce np11cyrHH. MOTHBal.(HOHHOT HH)J.eKC 6ewe )J.ecjrnHHpaH 
KaK0 36Hp 0)]. BpeJJ.H0CTa Ha CHTe npe)J.MeTH. 
Jlc11XOJ/Oll/Kl/ iipec;1-1eiti1<11. IlCHXOJIOIIlKHTe npecMeTKH 
6ea co6paHH npeKy TeXHOJIOrnja Ha ceH30pH KOH 0TIKpy­
)KyBaaT. OBaa TeXHOJIOrnja K0pHCTH Hanpe)J.HH ':laC0BHH­
'--111 11 naTeHTHpaHa TeXHOJIOrnja 3a TI0CJie)J,0BaTeJIH0 CJie)],­
eFbe Ha TICHX0JI0IIlKHTe ClffHaJIH npeKy HeK0JIKY ceH30pH. 
CeH30pHTe rH npeHeCYBaaT TI0)],aT0L(HTe JJ.O naMeTeH 
TeJiecjJOH npeKy 6nyTyr KOHeKL(Hja 11 OJJ. TeJie<pOHOT JJ.O 

c11rypeH cepBep, famaTHKa npeKy HHTepHeT KOHeKL(Hja. 
flapaMeTpHTe 6ea E)],A CeH30pH KOH ja MepaT aKTHB­
H0CTa Ha CHMTiaTeTCKH0T HepBeH CHCTeM 11 XP ceH30p0T. 
MepKHTe Ha E)],A KaKo K0HT11Hy11paH11 Bap11ja'--1HH Ha 
eneKTpH'-IHHTe KapaKTepHCTHKH Ha KQ)l(aTa. JleCHO M0)l(e 
)],a ce np0'lHTa OJJ. TI0BplilHHaTa Ha TeJI0TO 11 ja npeTCTa­
BYBa aKTHBH0CTa Ha aBTOH0MHH0T HepBeH CHCTeM ( 48). 
E)],A e 6m1cKy noBp3aHa co aBTOH0MHHTe eM0L(HH 11 
K0rHl1THBHHTe npol.(eCH 11 e IIlHp0K0 ynOTpe6yBaHa KaK0 
ceH3HTHBeH HH)J,eKC 3a eM0l.(110HaJIHHTe npol.(eCH 11 CHM­
naTCKl1Te aKTHBH0CTH ( 49). 
(J)yHKl\llOHGJ/H/1 CKGJ/11. B11HeJiaH)J, CKaJiaTa Ha a)J,ama1.111ja 
Ha 0JJ.HecYBaFbeTO e JJ.H3ajH11paHa JJ.a TI0JJ.JJ.P)l(YBa JJ.Hjar­
H0311 Ha HHTeJieKTyaJJHH H pa3BOjHH nonpe':leH0CTH. CKa­
Jll1Te ce opraHH3HpaHH BO ':leTHpH JJ.0MeHH: K0MyttH­
Kal.(Hja, )J.HeBHH0T )1()1BOT, COl.(11jaJJl13al.(11ja 11 M0TOpHH 
BelilTHHH. 11HTepBjyepoT TI0CTaByBa reHepaJJHH nparnalba 
BO 0AH0C Ha <pyttK'--1110HHpaFbeTO Ha cy6jeKTOT BO ceKoj 
A0MeH 11 rH K0pHCTH 0AfOB0p11Te 3a npol.(eHKa Ha HCTil1-
TaHHK0T Ha ceKoja 0A KpHTH'lHHTe 0)J.HeCYBaFba (2: 
ceKoraw np11cyreH, I: noHeKoraw np11cyreH, 0: peTK0 
HJIH Hl1Koraw He e np11cyreH). THTil1'lHl1Te HHTepBjya 
TpaaT np116JJH)l(HO eJJ.eH ':lac. BKynHHOT pe3ymaT e 
npecMeTaH co co611pa1-1,e Ha HH)J.HBHAYaJIHHTe pe3ymaTH 
0)]. ceKoja CKaJia. )],oBepJIHBOCTa Ha CKaJiaTa e B0CTI0CTa­
BeHa Ha CJie)J,eH Ha':lHH: TI0AeJJeH0 Ha TI0JI0BHHa 0.73-0.93 
3a K0MyttHKal.(11CKl10T JJ.0MeH, 0.83-0.92 3a Be1IlT11HJ1Te 3a 
AHeBeH )l(HB0T, 0.78-0.94 3a COl.(11jaJIH381.(Hja, 0.70-0.95 
3a M0TOpHH BelilTHHH, 0.84-0.98 3a np11cnoco6Jil1BO 
0AHecyBalhe, 0.77-0.88 38 HeaAaTITHBH0 0AHeCYBal:he (Bo 
cjJopMa Ha aHKern) (0.80 11 0.90 0A cjJopMaTa Ha aHKernrn). 
KoecjJHL(HeHTHTe Ha A0BepJI11B0CT 0A 11CTPa)l(Y881beTO H 
npow11peH11Te cpopMH ce JJ.BH)l(ea 0A 0.62 AO 0.75. 
CrnHAapAHarn rpelilKa Ha Mepe!baTa ce ABH)l(ewe 0A 3.4 
AO 8.2 Kaj 'leTHpHTe A0MeHl1 11 OJJ. 2.2 AO 4.9 Kaj 
flp11cnoco6JI11BOTO 0AHeCYBalbe, Kaj aHKernarn cjJopMa. 
CKanarn 3a npol.(eHKa Ha pejrnHroT Ha PeT e 
CTaHAapAH3HpaHa cKana (RARS) Kaja ce ynoTPe6YBa 3a 
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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 I to 
"present" and value O 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 smaitphone via Bluetooth connection, and 

from a smaitphone 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 pe1taining to the subject's 

functioning in each subdomain and uses the responses 

to rate the examinee on each critical behaviour item (2: 

always present, I: 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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OJI nPAKTHKATA 3A nPAKTHKATA 

npof..\ell)'Bafbe Ha cy6jeKTHTe co PeT-OB C11HAPOM (50). 
RARS e c11cre~rnrn311paHa BO ceAyM AOMeH11: Korn11-
THBeH, CeH3opcKH, MOTOpeH, eMOl..\110HaJieH, aBTOHOMeH, 
rnn111-rn11 KapaKrep11cr11KH Ha 6onecra 11 611XeB11opaneH. 
KorHl1THBHara o6JiaCT ce COCTOl1 OJ:( npOl..\eHKa Ha BH11Ma­
H11ero, npocrnpHa op11eHTal..\Hja, BpeMeHcKa op11eHTa­
f..\11ja, MeMOpHja, KOHTaKT co OlJH, O,[(roBapaFbe co CMee­
fbe, cno,[(eneHo BHHMaHHe, Bep6anHa 11 HeBep6anHa 
KOMyttl1Kal..\Hja; ceH3opcKara o6JiaCT ce COCTOl1 OJ:( BH,[(HO 
none H cnyx; MOTOpHara o6JiaCT ce COCTOH OJ:( no3Hl..\11ja H 
,[(BIDKelf>e Ha TeJIOTO, ,[(BIDKefhe Ha pal..\eTe, CK0JIH03a, 
npo6neMH BO crananara; eM0f..\H0HaJIHara o6nacr ce 
0AHecyBa Ha pa3611pafbe Ha eMOI..\Hl1Te 11 eKcnpec11ja Ha 
eMOl..\lillTe; aBTOHOMHara o6JiaCT ce 0,[(HecyBa Ha KOHTP­
ona, xpaHelhe, cnoco6Hocra 3a Kanefbe 11 o6neKyBafbe; 
o6nacra 3a r11nHtJH11re KapaKTep11crHK11 Ha 6onecTa ce 
O.[(Hecyea Ha npoMeHa Ha pacnono)I(eH11ern, rptJefbe, 
npo6neMl1 co ,[(11UJefbero, TeH311ja BO MYCKYJIHTe, HaBHKH 
Ha 11cxpaHa; o6nacra 3a ceBKynttara 11Mnpec11ja ce 
0,[(HeCyBa Ha reHepanHara npOl..\eHKa Ha CHMnT0Ml1Te Ha 
Per CHH.[(p0MOT ( OJ:( Hl1ry e,[(eH CHMnTOM (I) AO CHTe 
c11MnrOMH (4)). TipeAMer11Te Ha RARS ce C03Aa.[(eH11 co 
cne,[(elf>e Ha .[(11jarnocrHtJKHre Kp11repttyM11 3a PTT 
,[(a,[(eHH OJ:( ,[(11jarHOCTHlJKH H CTaTHCTHlJKl1 np11patJHHK 3a 
MeHTaJIHl1 HapYUJyealha, 4-ro H3AaH11e (DSM-IV-TR; 51) 
11 He0,[(aMHeUJHH 11crpa)I(yeafba H KJll1Hl1lJKH HCKYCTBa. 
BKynHo 31 npeAMer 6eUJe reHep11paH KaKo penpe3eHra­
THBeH Ha npo<jJHnor Ha PTT. CeKoj npe.[(Mer COAP)I(H 
KpaTKo o6jaettyealhe 3a HeroBoro 3HatJelf>e. CeKoj 
npeAMeT e paHr11paH Ha cKana 0A 4 noeHH, Ka.[(e !=so 
paMKHTe Ha HOpMaJIHl1Te rpaHHf..\H, 2=perKO HJIH HHCKa 
a6HopMaJIHOCT, 3=tJeCTO HJl11 cpe.[(HO BHCOKa a6HOpMaJI­
HOCT, 4=c11nHa a6HOpMaJIHOCT. CpeAH11Te pejTHH311 ce 
MO)l<HH, Ha np11Mep, 0AroBop noMefy 2 11 3 noeH11 ce 
paHrnpa KaKo 2.5. 3a ceKoj npeAMer, npol..\eH11renor ro 
3a0Kp~<yea 6pojoT UJTO KopecnOHAHpa Ha Haj.[(06p11or 
on11c 0,[( naf..\11eHTOT. OTKaKO e,[(eH nal..\HeHT e 01..\eHeT 3a 
BKynHo 31 npe.[(Mer, BKyneH pe3ymaT e npecMeraH co 
co611paFbe Ha CHTe HH,[(HBHAYaJIHl1 pejTl1H3H. OBoj BKY­
neH pe3ymar MY OB03M0)I(yea Ha npOl..\eH11renor ,[(a ro 
H,[(eHTH<jJHKyBa creneHOT Ha cepH03HOCT Ha PTT, K0H­
l..\enryaJil13HpaH KaK0 K0HTHHYYM KOj 11Ma oncer OJ:( 6narn 
Cl1MnTOMH AO TeUJKl1 ,[(eQJl11..\HTH. Bpe.[(HOCTHTe Ha K0C0CT 
H Kypra3a, npecMeTaHl1 3a AHCTpH6Yf..\Hja Ha BKynHHTe 
pe3ymar11, 6ea 0.110 11 0.352. ,D;11cTp116yl..\11jara 6eUJe 
HopMaJIHa. <t>opMynara KpoH6ax ancpa 6erne ynorpe6eHa 
3a yrnp.[(yean,e Ha BHarpeurnara KOH3HCTeHTH0CT 3a 
f..\eJiara cKana 11 norcKaJIHTe. BKynttara ancpa 6eUJe 0.912 
11 BHarpeUJHara K0H3HCTeHTH0CT Ha noTCKaJI11re 6eUJe 
Bl1C0Ka (0.81 J H 0.934). 
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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 RTI (from no 

symptoms (1) to all the symptoms (4). The items in 

RARS were constructed following the diagnostic 

criteria for RTI proposed by the Diagnostic and 

statistical manual of mental disorders, 4th ed. (DSM­

IV-TR; 51) and recent research and clinical experience. 

A total of 31 items was generated as representative of 

the profile of RTI. 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 I = 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 RTI, 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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TiporpecttBHarn o6oeHa pejBeH MaTp11ua (W1M;52) ce 
KOpHCTH 3a Aeua OA 5 AO 11 fOAHHH 11 3a HHAHBHAYH co 
<jltt311'1Kl1 11 TTCHXHlJKH HapyruyBaH,a. Bo OBa HCTpIDI<y­
Balbe 6erue ynoT})e6eHa MOAH<jl~11paHa nporpeCHBHa 
o6oeHa pejBeH MaT})HUa. Cep11ja A HM 6erue AaAeHa Ha 
cy6jeKrnTe 11 ceKoja rn6ena 6erue norone~rn (42 cm x 
29.7 cm) OA CTaHAapAHarn. TipeA cy6jeKTOT 6erue noc­
TaBeH H36op OA ABa npeAMern. CeKoja uen 6erue 
npeTCTaBeHa 3aeAHO co eAeH OABneKyBa'I Ha BHHMaHHe 
OA CTaHAapAHarn cep11ja. ,QBarn npeAMern (uema 11 
OABneKyBa'IOT Ha BHHMaH11e) 6ea npHKa)I<aHH TpHnarn H 
npocTOpHaTa TT03HUHja Ha uema 11 OABneKyBa'IOT Ha 
BHHMaHHe 6ea cny'lajHO TTOCTaBeHH. Kora cy6jeKTOT fo 
AaAe ABa nocneAOBaTenHH H TO'IHH OAfOBOpH, 11cn11ry­
Ba'IOT ja npeTcrnByaarue cneAHaTa rn6ena; Kora cy6jeK­
TOT Ke TTOBTOpen T})HTiaTH rpelUHO, TeCTOT ce npeKHHyaa. 
BKynHHOT pe3ymaT e npecMeTaH co co611pa11,e Ha 6pojoT 
Ha TO'IHH OAfOBOpH 3a ceKoj npeAMeT. 

IlpoueAypa 
CHTe TTOAaTOQH BO OBa HCT})a)ICyBa11,e ce co6paHH BO 
THBKa o6JrncT OA Kam-1enapHHTe Ha MTanHjaHCKaTa 
aco1111jau11ja 3a PeT. Cy6jeKrnTe 6ea TecrnpaHH HHAH­
BHAya1rno BO OBaa o6nacT. T11e 6ea TecrnpaHH OA 9 'laCOT 
AO 13 '!aCOT. CeKoj cy6jeKT 6erue TT03HL(HOHHpaH Ha 
OMane'!eHOCT OA 30 cm OA eKpaHOT Ha cneAa'IOT Ha O'IH 
BO KOj npeTXOAHO 6erue HHCTanHpaH AHrHTaneH co<J>rnep 
3a cneAeH,e Ha norneAOT. 
McT})a)KyBa'IOT noKa)Kyaa KOH eKpaHOT H MY 36opyBa Ha 
cy6jeKTOT 3a Aa ro OABlle'le Hej3HHOTO BHHMaHHe H 
Hej3HHHOT norneA Ha TTO'leTOKOT OA ceKoja Hrpa 3a Aa ja 
npeTCTaBH ceKoja 11rpa OMenHo. 

Y CJIOBH 33 npeAaBalhe 
M BO ABeTe <jl33H, npeA 11 nocne Tecrnpa11,ern, HeBponrn­
xonowKHTe 11 6wxeB11opanHHTe napaMeTpH 6ea H3MepeHH 
co ynoT})e6a Ha TeXHonornjarn 3a cneAe11,e Ha O'IHTe 11 
<jlyttKUHOHanHHTe CKanH, on11ruaHH norope BO AenOBHTe 
3a MaTep11jan11Te 11 HHCT})yMeHrnTe. Bo <jl33aTa Ha yqelhe, 
DGBL 6ea ynoTpe6yBaHH BO T})aelhe OA 30 MHHYTH, neT 
AeHa BO HeAenarn, 3a nepttOA OA 4 HeAen11, npeKy 
AHfHTanHHTe 11rp11 KOH ce ynpaByaaaT co norneA, KOH 
6ea npeTXOAHO HHcrn1mpaH11 Ha To611 Cep11ja - I. Bo 
Ta6ena I ce onHillaHH TpttTe <jlaJH. 
Bo oBoj eKcnepttMeHT, DGBL e aKTHBHOCT 3a HHTepaK­
u11ja BO Koja yqecHHI..IHTe nocneAOBaTenHo 11rpaaT neT 
11rp11, AH3ajHttpaHH Aa npOMOBHpaaT yqe11,e HnH p33BOj 
Ha KOrHHTHBHHTe BelUTHHH, KaKO lUTO ce BHHMaHHeTO 11 
MOTHBau11jarn. ,Q11rnTanH11Te 11rp11 KOH 6ea ynoT})e6eHH 
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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 0.81 I 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 
e1TOneously 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 I 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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011 nPAKTHKATA 3A nPAKTHKATA 

BO OBa HCTp8)I()'B8H,e ce OTIHIIl8HH BO TIO,ll,D,enoT 38 

11rp11Te co norne)],. 
digital games used in this study are described in the 

eye-gaze games subsection. 

Ta6e;,(I I. EKc1'"iepUA•teHttiaJ1Hll rjJa311 I Table 1. Experimental phase 

fpynH <f>a3a Ha npe.z:1 recrnpae,e Y'lelbe <f>a3a nocne recr11pa!be 
Groups Pre-test phase Learning Post-test phase 

fpyna Ha HeKOflK:1'. OCHOBHH DGBL, 30 MHHYTH 33 5 HeKOflK:1'. OCHOBHII 
rperMaH a.1JMHHHCTQHQaHH cec1rn ,LleHa so 11e.z:1enara 3a 4 a.1JMHHHCTQHQaHH cec1m 
Treatment MultiQle baseline sessions 11e.z:1en11 MultiQle baseline sessions 
group administration DGBL, 30 minutes for 5 administration 

Pe3ynrar11 O.LI Hrpa!he days a week for four Pe3ynrarn O.LI Hrpae,e 
Game performance scores weeks Game performance scores 
Attention/ BttHMaHHe Attention/Btt11Matt11e 
Mor1rnal.111ja/CpeKa Monrnal.\Hja/Cpefa 
Motivation/happiness Motivation/happiness 
Tic11xonowK11 Mep11 Tic11xonowKH Mep11 
Physiological measures Physiological measures 

E.1111a a.1JMHHHCTQa[!Hja E.1111a a.1JMHHHCTQa[!Hja 
Single administration Single administration 

fpyna wro Vineland Vineland 
'!eKa rperMaH Rars oe3 DGBL Rars 
Awaiting Raven NoDGBL Raven 
Treatment 
group 

MultiQle baseline sessions MultiQle baseline sessions 
administration administration 

Pe3ynrarn O.LI 11rpalbe Pe3ynrar11 O.LI 11rpalbe 
Game performance scores Game performance scores 
Attention/ Bm1Matt11e Attention/ BttHMaHHe 
Motivation/happiness Motivation/happiness 
Mornsal.\Hja/CpeKa MornBal.l11ja/CpeKa 
Tic11xonOWKH MepH Tic11xonowK11 Mep11 
Physiological measures Physiological measures 

E.1111a a.1JMHHHCTQa[!11 ja E.1111a a.1JMIIHHCTQa[!Hja 
Single administration Single administration 

Vineland/B1111ena11.z:1 Vineland/B1111ena11.z:1 
Rars/Papc Rars/Papc 
Raven/Pejsatt Raven/Pejsatt 

Crnn1cnt1JKa aHamna Statistical analyses 
TIO/J,8TOl.(HTe 6ea 8H8fll13Hp8HH BO CTICC 20.0 38 BHH­

,LIOBC oneparnBeH c11cTeM. 3a cnope.z:16a Ha pe3ymarnre 
o,n npe,n TecrnpaH,eTO 11 nocne Tecrnpa11,ern, no)],aTOl.(HTe 

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 
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6ea aHan11311pam1 co ynoTJ)e6a Ha ANOV A 2 (f pyrra: 
T])enrnH v mm tfeKa TpenrnH) x2 ( qia311: npe,ll, 11 rrocne 
TeCT11paFbe) . ,ll;ecKp11TITl1BHara CTaTl1CTl1Ka Ha 3aBl1CHl1Te 
Bap11ja6n11 6eme ra6en11paHa 11 rrperne,ll,aHa. Anqia-HHBO 
6eme nocraBeHO Ha 0.05 3a Cl1Te CTaTl1CTl1'fKl1 TeCTOBl1. 
Bo cny'fajoT Ha 3Ha'fajH11 eqieKTl1 6erne )J,a,ll,eHa rone­
M11Hara Ha eqieKTOT (53). 

PeJyJITaTH 

IlpeA ,ll,a ce pa3rne,ll,aaT pe3ymaT11Te 3a BH11MaH11ern, 
MOTl1Bal.(11jara 11 qiyHJU_\110HaJIHl1Te CKaJJl1, Hl1e rH 11Clll­
TaBMe no,ll,o6pysafbara BO 11rpa!heTO )J,0611eH11 3a BpeMe 
Ha YtfeFbeTO; 3a KOHTpon11palbe Ha eqi11KaCHOCTa Ha y'fe­
fbeTO ( ceKyH,ll,apHa l.(eJJ, HO HeOITXO,ll,Ha 3a ,ll,l1CKyc11ja Ha 
np11MapHara !.(en). 
Bo Ta6ena 2 ce np11Ka)KaH11 cpe,ll,Hara Bpe,ll,HOCT 11 craH­
,ll,ap,ll,Hara ,ll,eB11jal.(11ja Ha pe3ymaT11Te OA 11rpafheTO Ha 
cy6jeKTl1Te co PIT. fpynHHOT qiaKTOp rroKa>Kysa 3Ha­
tfaeH eqieKT, F (I, 51) = 4.3, p<0.01, d=0.92, 11CTO TaKa 
qia3Hl10T qiaKTOp . TIOKa>Kysa 3Ha'faeH eqieKT F ( 1, 51) = 
6.3 , p<0.0 1, d=0.91; fpyna X <l>a3a 11HTepaKu11jara 11cm 
raKa noKa>Kysa 3HatfaeH eqieKT F (I, 51) = 5.2, p<0.0 I, 
d=0.92. OB11e pe3ymaT11 YKa)I<ysaaT ,ll,eKa cy6jeKTl1Te co 
PIT noKa)l(ysaaT TI0311Tl1BHl1 TpeH,ll,OBl1 Ha TIO,ll,06pyBafbe 
Ha pe3ymaT11Te OA qia3ara Ha rrpeA TecT11paFbe AO qia1ara 
Ha TecT11paFbe, BO cnope,ll,6a co pe3ymaT11Te Ha rpynara 
Koja 'feKa TpeTMaH. KaKO lllTO 6erne O'feKyBaHO, OBl1e 
pe3ymaT11 ce coBnafaaT co 0H11e BO n11Teparypara (15; 
19; 32; 35). 

FROM PRACTICE TO PRACTICE 

awaiting treatment) x2 (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 RTI. 
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.O 1, d=0.92. These results indicate that 

subjects with RTI 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 (1 5; 19; 32; 35). 

Ta6e.na 2. CpegHa epegHociTi 11 ciTiaHgapgHa gee11Jmi11Ja Ha pe3y;nTimTimTie og 112paH>eiuo 
Table 2. Mean value and standard deviation of the game results 

Groups Digital Games 
fpyrm )];1m1TaJIHH HrpH 
Treatment Group 
fpyna Ha TpeTMaH Black Screen Enganment1 

TioBp3yBaae co LIPH eKpaH 

Object Displacement2 

TioMecTyBaae Ha npe,ll,MeTH 
Zoned Focusing3 

3oHCKO <p0Kyc11pa1he 
Active Exploration4 

AKTHBHO HCTpaJKyBaEbe 
Controlled Targeting5 
KoHTpon11paHo raprernpaEbe 

A waiting Treatment Group 
f pyna lllTO '!eKa TpeTMaH 

Black Screen Enganmentl 
TioBp3yBaEbe co LIPH eKpaH 

118 

Pre-test Post-test 
TipeA Tecrnpalhe Tiocne Tecrnpalhe 
M (SD) M (SD) 

1.22 (0.64) I. 77 (0.80) 

64.45 (50.32) 80.55 (51.98) 

6.64 (10.24) 10.64 (10.42) 

4.82 (2.61) 7.09 (2.29) 

23.64 (15.46) 44.91 (23.92) 

0.50 (0.60) 0.65 (0.78) 
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Object Displacement2 34.55 (54.23) 34.10 ( 49.85) 
TioMeCT}'Balbe Ha 11pe.11MeTH 
Zoned Focusing3 2.34 (12.65) 2.35 (12.40) 
3oHCKO cpoKyCHpalbe 
Active Exploration4 1.90 (2.65) 1.90 (2.34) 
AKTHBHO HCTpaJKyBalbe 
Controlled Targeting5 14.22 (12.50) 14.24 (12.48) 
KoHTpoimpaHo rnprernpalbe 

Note/3a6enewKa 
1= number ofhitted pies/1=6poj Ha y.11peHH TIHTH 
2= number of cakes in the face/2=6poj Ha rnprn so m1Qe 
3= number ofhitted fruits/3=6poj Ha y.11peHH oaowja 
4= number of hitted statues/4=6poj Ha y.11peHH crnTy11 
5= number of hitted bees/5=6poj Ha y.11peHH 1111en11 

Bo Ta6ena 3 ce npHKaJKaHJl cpe.11Harn BpeAHOCT H crnH­
,11ap,11Harn ,11eBHjaQHja 38 BHHM8HHe, MOTHBaQHja, cne.11e­
lbe Ha OKOTO, TICHXOJJOWKHTe MepH H cpyttKl\HOH8JJHHTe 
CK8JJH. Bo 0,llHOC Ha MepHTe Ha BHHMaHHeTO, rpynHHOT 
cpaKTOp TIOKa)l<yaa 3Ha11aeH ecpeKT, F (I, 51) = 7 .2, 
p<O.O I, d=0.91; 11cm rnKa cpa3HHOT cpaKTOp noKa>Kyaa 
3Ha11aeH ecpeKT F (I, 51) = 4.2, p<.01, d=0.91, H cpa3arn 
fpyna X HHTepaKUHjarn noKaJKyBa 3Ha4aeH ecpeKT F(I, 
51) = 6.7, p<0.01, d=0.92. OBHe pe3ymaTH 06e36e.11yaaaT 
,110Ka3H ,11eKa DGBL HMa ecpeKT Bp3 MHttyTHTe wrn 
cy6jeKTHTe co PTT rn TIOMHHyBaaT rne,11ajKJ1 BO HrpHTe H 
BO JJHUeTO Ha HCTpaJKyaa'!OT. Bo 0,llHOC Ha MepHTe 38 
CJJe)leH,eTO Ha OKOTO, TIOBTOpHO, 3Ha'!aeH ecpeKT 6ewe 
yrnp,11eH. IloTO'!HO, rpynHHOT cpaKTOp TIOKaJKyaa 3Ha4aeH 
ecpeKT, F (I, 51) = 4.2, p<0.01, d=0.90, HCTO TaKa 
cpa3HHOT cpaKTOp TIOKaJKyaa 3Ha4aeH ecpeKT F (I, 51) = 
7.3, p<0.01, d=0.92 H cpa3arn fpyna X HHTepaKUHjarn 
noKaJKyBa 3Ha'!aeH ecpeKT F(I, 51) = 5.2, p<0.01, d=0.92. 
MOJKHO e .11a ce 3aKJJyqH ,11eKa H ,11Barn napaMeTpH FC H 
FL 3a ceKoja 0.11 HrpHTe ce 3roneMyaaaT 0.11 npe.11 
TJ)eHHHroT .110 nocne TPeHHHroT Kaj rpymne WTO ce 
H3JJO)l<eHH Ha DGBL. 
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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<.O 1, d=0.91; also phase factor 

shows significant effect F (1 , 51) = 4.2, p<0.01 , 

d=0.9 1, and the Group X Phase interaction also shows 

significant effect F(l, 51) = 6.7, p<.01, d=0.92. These 

results provide evidence that DGBL had an effect on 

the minutes that subjects with RTI 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 (I, 51) = 7.3, p<O.O 1, d=0.92, and 

the Group X Phase interaction also shows significant 

effect F(l, 51) = 5.2, p<0.0 1, 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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Ta6ena 3. CpegHa epegHoctu 11 ctuaHgapgHa gee11Jmi11Ja Ka} K02HlllUll6Hlltlle, .M01u11eaii110Hl/l11e 11 11c11xonou1K111ue 

Mep11 

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

Groups Measures Pre-test Post-test 
fpyn11 Mep11 TTpeA TecT11pa1:be nocne TecT11pa1:be 
Treatment Group M (SD) M (SD) 
fpyna Ha TpeTMaH Multi12Ie baseline sessions administration 

A.!!Ml·IHHCT('.1a!,!Hja Ha TIOBeKe OCHOBHH cec1111 13.34 (3.98) 
Minutes of attention/M11Hyrn Ha BHHMaHHe 91 (9.10) 

FL 10.50 (2.9 I) 58 (9.08) 
FC 32 (7.05) 6.21 (2.10) 

Motivation/happiness/MornBal..lHja/Cpe1<a 8 (7 .03) 
Physiological measures/nc1-1xonolllKH Mep11 3.25 (1 .20) 96.32 (7.10) 

HR 0.7 (0.23) 
EDA 92.10 (6.20) 

0.3 (0.03) 
Single administration/E.111-1a a.!JMHHHCT('.1a!,!11ja 

Vineland/811HeJ1aHA 109.2 (14.20) 113.7 (7.60) 
Rars/Papc 72.6 (8.20) 75.7 (7.21) 
Raven/Pejse11 6.3 (2.80) 6.8 (3 .1) 

Awaiting 
Treatment Group Multi12Ie baseline sessions administration 
fpyna lllTO 'leKa TperMaH A.!!MHHHCT('.18!,!Hja Ha TIOBeKe OCHOBHH cec1m 3.34 (3.98) 

Minutes of attention/M1rnyrn Ha BHHMaH11e 12 (9.10) 
FL 3.40 (2.65) 4 (9.08) 
FC 12 (7.05) 2.01 (2.10) 

Motivation/happiness/Monrnal..l11ja/Cpefa 3 (7.03) 
Physiological measures/nc11xonolllKH Mep11 1.50 (1.20) 68.23 (7. I 0) 

HR 0.2 (0.23) 
EDA 65.10 (6.20) 

0.2 (0.03) 
Single administration/E.1111a a.!JMHHHCT('.1a!,!11ja 

Vineland/81111enaHA 102.3 (14.20) I 02.3(7 .60) 
Rars/Papc 61.4 (8.20) 61.7(7.21) 
Raven/PejsaH 4.2 (2.80) 4.2 (3.1) 

Bo OAHOC Ha MepHTe 38 MOTIIB81..111jaTa/cpeKara 11 
TICHXOJIOWK.HTe napaMerpH, Hl1e TIOBTOpHO Haj,QOBMe 

3H8'18eH ecpeKT. fpynIDIOT cpaKTOp TIOKa»<yBa 3H8'!8eH 
ecpeKT F (I, 51) = 8.6, p<0.01, d=0.92, 11cm raKa 
cpa3Hl10T cpaKTOp TIOK8)1(Y88 3H8'!8eH ecpeKT, F ( 1, 51) = 
4.6, p<0.01, d=0.91, 11 cpa3ara fpyna X 1111TepaK1111jara 
noKa)l(yBa 3Ha'laeH ecpeKT F (I , 51) = 7.2, p<0.01, d=0.92. 
OB11e pe3ymar11 o6e36eAyBaar AOK83 .u.eKa DGBL 11Ma 
ecpeKT Bp3 cpefara Kaj cy6jeKr11re co PTT. Oco6eHo, rne 
TIOKa)l(yeaaT noroneMa H8CO'leHOCT Ha norne,!J.OT KOH 

MOH11TOpOT, cpa1111jaJIHara eKcnpec11ja, 3BY'-IH, ,!J.BH)l(eEba 
Ha ycrara, ABH)l(el:ba Ha rnaBara 11 KOHBeHQ110H8JIH11Te 
recTOB11 BO cpa311Te Ha npeA 11 nocne recrnpaEbe. KaKo 
WTO e om1waHO BO .u.enoT 38 MeTO,ll.HTe, paMKHTe (o.u. 2 ,!1.0 

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 (I, 51) = 7.2, 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 paiticular, they showed 

higher levels of gaze direction toward the monitor, 

facial expression, sounds, mouth movements, head 

movements and conventional gestures in the post-test 
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6 MHttyrn o,n ceKoja 11rpa) o,n npe3eHra11,11jara Ha BH,neo­
KaMepara Ha cne,nal.foT Ha O'IH 6ea Ko,n11paH11 o,n cTpaHa 
Ha ,ABaju,a He3aBHCHH Ha6JbYAYBal.fH KOH noKa)l(aa 
,noroBop o,n 96 %. 
Bo O,AHOC Ha q>yttKI..(HOHanttHTe CKanH Ha e,nHa a,nMHHH­
CTpa11,11ja, He Haj,noBMe 3Hal.faeH e(jleKT Kaj ,nBeTe rpyrrn 
BO q>a3HTe Ha npe,n 11 nocne Tecrnpalbe. OB11e pe3ymarn 
ce coBnafaaT co npeTxo,ntt11Te pe3ymarn BO n11Tepa­
rypara 6J,1,nejK11 anaparnTe Ha BHCOKa TeXHonornja o6e3-
6e,nyBaaT no,no6pYBalbe Ha cne11,11q>H'IHHTe pe3ymarn o,n 
HrpalbeTO, HO MHOry ManKy no,no6pyBalbe Ha He3aBH­
CHHTe q>yHK11,110HMHl1 CKMH (7). 

.z:t:11c1cycnja 
fnaBHara 11,en Ha npe3eHrnpaHara pa6ora e ,na ce npoyq11 
ynoraTa Ha AHfHTMHHTe 11rp11 KOH ce ynpaBYBaaT co 
norne.n BO no,no6pYBalheTO Ha cnoco6HOCTHTe 3a BH11Ma­
H11e 11 MOTHBa11,11ja Kaj cy6jeKTHTe co PIT. Tioce6Ho, HHe 
HMaBMe 11,en ,na npou,eHHMe ,nan11 HMa MO,AHq>HKau,1111 BO 
cnoco6HOCTHTe 3a BH11MaH11e 11 MOT11Ba11,11ja, nocne 
ynoTpe6ara Ha ,n11rnranH11Te 11rp11 KOH ce ynpaByBaaT co 
norne,n 3a 30 MHHyrn, 5 ,neHa BO tte,nenara, 3a nep110,n o,n 
4 He,nen11. 
Bo o,nHoc Ha cnoco6Hocra 3a BHHMaH11e, pe3ynraTHTe 
YKa»cYBaaT ,neKa DGBL 11111aaT e(jleKT Bp3 MHHyYHTe KOH 
cy6jeKTOT co PIT rn noMHttyBa rne,naj1<11 BO HTPHTe 11 Bo 
n1111,ern Ha HCYpa)l(YBa'IOT. Yune noBeKe, FL 11 FC 
napaMeTp11Te 3a ceKoja 11rpa ce 3roneMyBaaT BO q>a3ara 
nocne TecT11palbeTO. OB11e pe3ynrarn ,naBaaT ,nOKa3 ,neKa 
DGBL MmKe ,na rn no,no6p11 cnoco6HocrnTe 3a BH11-
MaH11e Kaj n1111,ara co PIT. Cn111IH0, DGBL o6e36e,nyBa 
TI0311Tl1BHH pe3ymam BO 0,AHOC Ha MOT11Ba11,110HJ1Te 
cnoco6Hocm. l1 ,nBeTe a(jleKTHBHH (11H,ne1Cc Ha cpe1<a) 11 
nc11xonomKH (HR 11 EDA) Mep11 ce 3roneMYBaaT BO 
qia3ara nocne TecrnpalbeTO. 
.z:t:Pyra 11,en Ha OBa 11cTpa)l(YBalhe 6erne ,na ce attan11311paaT 
pe3ynrarnTe BO O,AHOC Ha pe3ymarnTe OA 11rpalbeTO Bp3 
Mep11Te Ha BHHMaHHe 11 MOTl1Ba11,Hja KOH ce orpaHHl.feHH 
Ha OBHe 06nacT11 11n11 ,nan11 11cT11Te MO»ce ,na ce reHepa­
n11311paaT Kaj He3aBl1CHl1Te q>yHKU,HOHanHH BelllTl1HH 
(KaKO lllTO ce Tl1e 113MepeHl1 o,n B11Henatt,n; CKanHTe 
p AP). KaKO lllTO TIO!Ca)l(ane npeTXOAH11Te HCYpa)l(yBaH,a 
(7, 54-55), tt11e He ycneaBMe ,na rn no,no6p11111e He3a­
BHCHHTe qiyttKD,HOHMHH BelllTl1HH. KaKO H ,na e, OBHe 
pe3ymaT11 yKa)l(YBaaT Ha no,no6pyBalf>e Ha nepqiop­
MaHCHTe Kaj pe3ymarnTe TIOBp3aHH co Hrpa!beTO Ha 
11rp11, BHl1MaH11eTO 11 MOTHBa11,11jara. 3eMeHH 3ae,nHO, 
pe3ymarnTe ey,naT noMprnKa 3a 11,nejara ,neKa DGBL 
MO»ce e(jleKTIIBHO ,na ce KOpHCTl1 Kaj HH,nHBHAyHTe co 
PIT. KaKO lllTO e HaBe,neHO BO BOBe,AOT Ha OBa 11CTpa-
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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 adminish·ation 

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 thiity 

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 perfonnance 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 

perfonnance, attention and motivation. Taken together, 

the results offer supp01t 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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)K;'B31he, ynOTpe6ara Ha /:IHrHTaJJHH HrpH KOH ce ynpa­
BJ'B33T co rrorne):I Kaj m11~ara co PIT e o6JJaCT Kaja He e 
):IJJ36HHCKM HCTP3lKJ'B3Ha. IIopa/:IH OBHe rrpWHIBH, TelllKO 
e /:13 ce crrope):laT OBHe pe3ymaTH co /:lpyrn, aKo ce 3eMe 
rrpe):IBH/:1 HCTO TaKa ,[leKa PIT HMa MHory crrel.(HQJH'IHH 
KapaKTepHCTHKH. I1 ITOKpaj ma, rrocrnjaT rrpHBJJe'!HH 
apryMeHTH 3a ynoTPe6ara Ha DGBL 0/:1 CTpaHa Ha 
Tenerno crroco6H11Te JJHUa H JJHL(ara co rrorrpeYeHocT. 
AKo ce 3eMaT rrpe):IBH/:1 OBHe /:IOK33H H ):I06HeHHTe pe3yn­
TaTH, H3rJJe):la MQ)l(HQ rrpOMOBHpa!heTO Ha HMITJJeMeH­
Tal.(Hjara Ha /:IHrMTaJJHHTe HrpH KOH ce ynpaByBaaT co 
rrorne):I BO KOHTeKCT Ha e):lyKal.(Hja H yqelhe /:IYPH H Kaj 
reHeTCKMTe CHH/:lpOMH, K3KO lllTO e PIT. I1):IHHTe HCTpa­
)KyBa!ha e ITOTpe6HO /:13 ja H3rpa):laT OBaa OCHOBa H /:13 
YTBP/:13T KOH rrperropaKH 33CHOB3HH Ha /:IOK33H 33 Toa 
KaKo DGBL MO)l(e ):la ce ynoTPe6yBa BO BpcKa co 
crreuHQJH'IHHTe KapaKTepHCTHKH Ha nHuara co PIT. 
3arna, 3a ):la ce oCHrypaT rro6oraTH pe3yJJTaTH, HJ:IH11Te 
HCTP3)1(yBa!ha MO>KaT /:13 ro pennHUHpaaT oBa HCTPa­
)KJ'Balhe. 
KaKo 3al(JlylfoK, oBa HCTp3)1(yBalhe rrpe):IJlara MeT0/:1 3a 
3roJJeMJ'B3fbe Ha HHBOTO Ha MOTHB31.(Hja Kaj cy6jeKTHTe 
co PIT 3a l(J]HHJ1'lapHTe H ceMejcrnara BO KOH qioKycoT 
MO)Ke /:13 6HJ:1e DGBL oKonHHara. BaKoB MeT0/:1 MO)Ke ):la 
rroMorne BO p33BHBa!he Ha rrpHcrarrHH DGBL arrJJHK3UHH 
KOH Ke HM 6HJ:13T 0/:1 Kop11cT Ha HH/:IHBH/:IYHTe co PIT. 

Ilptt3Hauue 
ABTOpHTe HM ce 3a6naro):lapyBaaT Ha CHTe ):leBOjlfHH,3 H 
HHBHHTe ceMejcrna KOH ce cornacHja ):la yqecrnYBaaT BO 
OBa HCTp3)1(yBalhe. 

Komfimurr ua HHTepecu 
ABrnpHTe YK3)K;'B33T ):leKa He TIOCTOH KOHQJJIHl(T Ha 
HHTepecH H H3BOp Ha qJHH3HCHpalbe. CHTe npoue/:lypH Ha 
0B3 HCTp3)K;'B3fue KOH BKJiyqJ'B33T 'IOBelfKH ylfeCHHUH 
6ea BO cornaCHOCT co enPIKHTe CTaHJ:13P/:IH 0/:1 HHCTHTY-
1.(HOHaJJHHTe H H31.(HOHaJJHHTe KOMHTeTH 33 HCTp3)1(;'B3H,e 
H co XenlllHHCKara ,[lel(J]apauHja OJ:1 1964 ro):IHHa H Hej-
3HHHTe 3M3H/:IM3HH HJIH eTH'IKM CTaH/:13p/:IH. I1HqJOpMa­
THBHa cornacHOCT 6e!lle ):I06HeHa 0/:1 pO/:IHTeJJHTe Ha 
yqeCH11UHTe KOH 6ea Bl(J]yqeHH BO OBa HCTP3)1(;'B3lhe. 
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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 RIT 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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