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Abstract

Introduction: Recently, there has been an increase in
the use of eye-gaze digita 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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Merton: ['maBHHOT (OKyC Ha OBa MCTPaKYBame € Ja ja
UCTpaXXW yJorata Ha JMTUTAIHUTE MIPH KOM CE yIpa-
ByBaaT CO IOINEA NpH NOZOOPYBamETO HA MOTHBALM-
CKUTE CIOCOOHOCTH M CMOCOOHOCTA 33 33/ipKyBame Ha
BHUMaHueTo kaj nunara co Per cunnpom (PTT). [lenecer
U aBe uranvjaHcku nanuentku co PTT (cpemna Bpex-
Hoct=12.10, C/I=8.7) ydecTByBaa BO OBa HCTpaXyBambe,
30 Gea men o rpymara 3a TpeTMaH u 22 4eKaa 3a Bie3 BO
rpymnara 3a TpetMad. Hue kopucreBme criopenben amsajH
Hpea-TeCTHPAbE-TOCIe-TECTHPAbE CO el 1a ce YTBpAAT
OcHeduTHTE O] YUCHHETO KOC ce 0a3upa Ha JUTHTATHUTE
UTPH BP3 MapaMeTPUTE 3a MOTHBALMja U 3a[pXKyBambe Ha
BHUMaHueTo. Bo dasure Ha mpexn-tectupame u mocre-
TECTUPAmke, HEBPOICHXOJNOMKHTE M OUXEBHOPATHHUTE
napametpu 0ea U3MepeHH cO ynotpeda Ha TEXHOJOTH)a
3a cileliele Ha OKOTO. Bo mpwior Ha Toa, MEpKUTe 3a
3a[|p)KyBambe Ha BHUMaHUETO M MOTHBAIMjaTa ce Mpole-
HeTH Bo aBere (asu. Bo dazara 3a ydueme, Ha ydecHH-
uTe UM Oea IPEeTCTaBeH! JUTUTAIHN UTPH KOH Ce yIpa-
BYBAar CO TOTJIE]], IPETXOAHO HHCTANTHPAHU BO CIIEAAYO0T
3a oun Tobu cepuja-l. Urpure xou ce ympaByBaar co
norsie Gea TozieneHy Ha et HuBoa: [loBp3yBame co IpH
ekpaH, [lomectyBame Ha mnpeametH, 30HCKO (OKycH-
pame, AKTHBHO HCTpaKyBame 1 KOHTponmpaHo TapreTu-
pame.

Pesynraru: Pesynratute ykaxyBaaT Ha Hogo0pyBame Ha
nepdopMaHCUTe 3a 3a[pXKyBabe Ha BHUMAaHUE M MOTHU-
BaIyja.

Ipenao3n u 3akaydok: Jluckycuja 3a pe3yaTaTure BO
HAacOKa Ha HHMBHA WMIUIMKalMja 33 HOIPXKYBambe Ha
ynoTpebara Ha IUTHTATHUTE HTPH KOH CE YIPaBYBaaT co
TnorJie]] BO €lyKaldjata ¥ YYeHheTo Ha NPEeIMETH Kaj
nunara co PTT.

Knyunu 360posu: Peiui cungpom, YVuere roe ce basupa
HA gUSUinaHuiie udpi, KOCHUIMUGHA (YHKUUOHATHOCI.

Bosed

Vuemero koe ce Oasupa Ha aururamaute urpu (DGBL)
ce OJHECyBa Ha ymoTpeba Ha KOMIJTEPCKH WIPH TIpH
yuewero u enykaiujata (1). Kommjyrepckure wurpu
IPUMapHO ce IM3ajHUpaHy 3a 3a0aBa JOJeKa eXyKaTHB-
HHUTE UTPH CE KOPHCTAT 32 YUEHE HIIH Pa3B0j Ha BELITHHA
(2). Ymotpebata Ha xowmmjyrepckute urpu 3a DGBL,
TEHEpalHo, €€ MMEHYBAaaT Kako ,,eAYKaTHBHH WUIpHU‘.
OBue /1Ba BUfia UTPH CTIOZAETYBaaT MHOTY TEXHHYKH KOM-
TIOHEHTH, HO C€ Pa3NHKyBaaT BO HaMepaTra 3a HUBHATa
ynotpe0a 1 BO JU3ajHOT Ha HUBHATA COP)KHHA.

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
digita game-based learning on attention and
motivation measures. In both pre-test and post-test
phases,  neuropsychologicd  and  behavioura
parameters were measured using eye tracker
technology. In addition, atentiona and motivationa
measures were both evaluated in these two phases. In
the learning phase, participants were presented with
eye-gaze digital games, pre-instaled in the Tobii
Series-| 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
subjectswith 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 ae primarily designed for
entertainment purposes while educational games are
intended to learn knowledge or skills development (2).
Computer games for use in DGBL are generaly
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 mm3ajuupano 3a a TM Haydd JIyreTo Ha CIie-
IU(GUIHA CIOCOOHOCTH, 3aI[BPCTYBAKE HA Pa3BOjOT, pas-
Oupare Ha UCTOPHUCKH HACTAHH MIIH KYITYPHH TEMH, UIH
Jla UM TIOMOTHE BO YYemeTo Aojeka urpaar (3-5). Jlomon-
HutenHo, DGBL moxe na ce neduHupa kako MeauyMm 3a
3a0aBa KOj € cO3[ajieH Jia MPUIOHECEe 32 KOTHUTUBHUTE
npoMeru kaj urpaunte (1, 6).

Jakure crpanu Ha DGBL ce muory u pasimnunu. [IpBo,
eIyKaTHBHUTE WUIPU MOXE 1A MOIIPXKYBaaT MYJITHCEH-
30pHOCT, aKTHBHOCT, HCKYCTBO, YYEH€ 3aCHOBAHO Ha
npobleMH, THe MOXe Ja MPOMOBHpAAT aKTHBAIlMja Ha
NPETXOAHNUTE TIO3HABAbA aKO Urpadute Tpeda Ja ymoT-
pebar mH(OpPMAIMKM KOM TPETXOJHO TH Haydwmie 3a Ja
omat dekop morope. Bropo, e obe3z0emyBaaT MOMeH-
TaneH (puadex, OBO3MOXYBAjKM MM Ha UTPayuTe Jia Hay-
4aT O] HUBHHUTE AaKTHBHOCTH. Tpero, THE MOXe Ja To
MPOMOBHPAAT Pa3BOjOT HA PA3UYHK BEHITHHH, KAKO IITO
ce KPUTUYKO Pa3MHCIYBambe, BELITHHH 32 pellaBambe Ha
poOJIeMH, CIIOCOOHOCT 32 3a[p)KyBamke HA BHUMAHUETO
(7-8).

DGBL c¢ mouecto ce KOpUCTH TOMEry JInIara co momnpe-
YEHOCT, HO U Jpyrute juna. OBUe Urpy HajuecTo Oapaar
ynorpeba Ha TacTaTypa W KOMIIYTEPCKO IJTyBYE KaKo
cTaHaapAHu ypenu 3a unmyt. Kora BakBara ynorpeba He
€ COOZIBETHA 3a KOPUCHHUKOT €O MOMPEYEHOCT U JIMYHOCTA
CO TIOTPEYCHOCT MMa JoOpa KOHTPOJIA CO HETOBUTE OYHH
MYCKYIH, TOeKa yIoTpedara Ha APYruTe MOTOPHH MyC-
KylH € u3ry0eHa, BO3MOXHO € MHOTY e(peKTHBHO Ja ce
KOPUCTH IOTJIEA0T Kako MHTEpPaKLHja CO AUTUTAIHHUTE
urpu. [lornenor e WHTEepakmuja Koja BKIydyBa caMo ¢i-
HOCTAaBHO IJIe[ake BO EKPAHOT JOJEKa JBIDKEHETO Ha
OYMTE TO 3aMEHyBa [BIDKCHETO HA KOMILyTEepPCKOTO
TJTyBYE.

3ronemMeHa e ymotpebaTa Ha JMTHTATHU MIPH KOM Ce
yIpaByBaaT €O TOTNEA BO MOJETO Ha 0OOPa30BAHHETO.
MHory ucTpakyBama YKaxyBaaT [eka ymoTrpeOara Ha
JUTUTAIHA WIPU KOM CE YIPaByBaaT CO IOTNEHA, WUrpa
rojemMa ynora BO TOJJIpIIKATA HA YYEHHLUHUTE CO HHTE-
nextyanHa nonpedeHoct (9-11). [Topaau oBue npuunHy,
JUTUTAIHUTE UIPU KOM CE YIPaByBaaT CO IOIVIEH MOXKe
Ja OWjarT MOHYACHH Kako MOTEHIMjaTHO CPEICTBO 32
yderme Kaj JUIaTa co MONMpPedeHOCT, KaKo MITO Ce JIHIaTa
co Per-oB cunnpom (PTT).

PTT e HapymiyBarme Ha HEBPOJIOIIKHOT Pa3Boj KOj € mpe-
nu3BukaH ox myraruu Ha MECP2 reHot koj uma Bimja-
Hue kaj okony 1 ox 10.000 pomeru xercku era (12-16).
Knunnukute ManupecTaii Moxe a BKIy4yBaaT TeIIKN
JIMHIBUCTHYKU U MOTOPHH OILITETYBaa KOH Ce CPXKTa Ha
¢enorunckure cumnromu (17-20). HeBposomkure ab-
HOPMAJTHOCTH c€ pe(IIeKTHpaaT Ha HEKOJIKY OHMXEBHO-

DGBL has been designed to teach people specific
ahilities, reinforce development, understand a historical
event or a cultura 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 changesin 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 previoudy 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 individua with disability has good control of their
eye muscles while fine motor control of other muscle
groups is logt, it is possible to use eye gaze for
interacting with digita 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 digita game use plays
an important role in supporting students with
intellectua 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 femae hirths (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 severd
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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paJTHE U KOTHUTHBHHM OIITETYBamkba, KaKo MITO CE CTEPEeo-
TUTIUTE, 3ary0a Ha TOBOPOT M BEIITHHUTE CO palleTe,
anpakcyja, HeperyJaapHO AMIICHE CO XHUIECPBEHTIIIALM]a
JofeKa JuIeTo € pa30yJeHo M WMa 4YecTH Hamaau
(21-27).

W moxpaj TBpiewara jaeka HEBPOJIOLIKHTE 3aCHOBAHU
KOTHUTHBHE ¥ OWXEBHOpaNHH JAe)UINTH Kaj WHMIH-
Buayure co PTT e Temiko ga ce nmpomeHar uiu nogoopar,
HEKOJIKY HCTpaXKyBamba MMaat IOKaKaHO JeKa JIMIATa co
PTT Moxe jia MOCTHrHAT TMOBHCOKO Pa3BOjHO HUBO BO
KOTHUTHBHATA 00JIACT OJ OHA IITO € MPETXOAHO BOCIIO-
craBeHo BO nutepatypara (23, 28-34), co ymorpeba Ha
KOTHUTHBHA pexabunutamyja. Ha mpumep, moHOBHTE
UCTPaKyBamba YKaXyBaaT Jeka neBojummara co PTT
MOKaXYBaaT MoJ00pyBame Kaj CelNeKTUBHOTO BHUMAHHE,
BO CIIOCOOHOCTA [1a ce MPENo3Hae BPEMEHCKA U MPOCTOP-
Ha BPCKa U HaMallyBambe Ha NOoTpeOHaTa MOMOLI 33 BpeMe
W TI0CIIe KOTHUTHBHOTO 33jakHyBame (35).

Kako u za e, ynmorpebara Ha IUTHTAIHUTE UTPH KOH CE
ymnpaByBaar co moriex 3a ymmara co PTT cé ymre e
HeucTpaxkeHa oOnacT. CHopea HalUTe MO3HaBAHbA, BO
HUTY €JHO MCTpaXkyBame HE C€ YIOTPeOCHH JUTHTAIHH
WU KoM ce ympaByBaat co moruen kaj PTT cy0jekrure
BO HHUTY €AHa OJ eIyKaTHBHUTE W/WIM pexaduinra-
mroHuTe obnactu. [loBekeTo mcTpaxyBama, Kako IITO €
HaBEICHO MOTOpe, BOBEJNE TPAAMIMOHATHA TOUIPIIKA
WK Toriesl (Kako ITO ce TEXHOJIOTUUTE 3 CIIelemhe Ha
OKOTO) 3a TOJIPIIKA M OJIECHYBame€ HAa KOMYHHKAIIH-
CKHTE U KOTHUTUBHHTE CIOCOOHOCTH Kaj MHIMBHIYHTE
co PTT. Haxo naauBuayute co PTT nmaar MHOry crienu-
(GUYHN KapaKTepUCTUKH, NPHUA0OUBKA OW OWie AUrHTAN-
HHUTE UTPH KOM CE YNPaByBaaT Co MOINEA U Kaj JIMLATA CO
PTT. 3acHoBano Ha noteHimjanotr Ha DGBL u edexrus-
HOCTA Ha TEXHOJIOTHUTE 3a IOTJIe, [IaBHATa LN Ha 0BOj
TPYZ € 1a Ce MPOYyYH yiorata Ha AUTHTATHUTE UTPH KOU
ce ympaByBaaT cO TIOTJIe]] BO TOA00PYBameTo HA MOTH-
BAIIMCKHUTE CIIOCOOHOCTH U CTIOCOOHOCTA 32 3aPiKyBamke
Ha BHUMaHueTo kaj jaeBojuumara co PTT. IloceOHo,
HalaTa ren Oemre Ja NpoleHNMe JIali UMa TPOMEHH W
MoJU(DHKAMK BO CIIOCOOHOCTHTE 32 3aJPXKyBame Ha
BHAMAHHETO W MOTHBAIMCKUTE criocoOHOCTH Kaj 30 cyo-
jektu co PTT, mocme TtpmecetmMuHyTHa ymoTpeba Ha
JUTHTAIHE UTPH KOM Ce yIpaByBaaT CO IIOIVE] BO TET
JIeHa BO HeJelaTa, 3a MepHoJl Off YeTHPH MECEIIH.

Vpenu 3a cieneme Ha OKOTO OuIIe KOPUCTEHH BO MCTpa-
XKyBamaTa 3a €IyKaTHBHHTEC WIPH BO HACOKA HA aHAIHU-
3Upame Ha MIEMHUTE Ha BHUMAHUE Kaj AUTHTATHUTE UIPH
KOM ce ynpaByBaat co mornen (36). Hekoun aBTopw, ncto
Taxa, ja mpoleHuIe e)eKTHBHOCTAa Ha BUPTYEIIHATA OKO-
JIHA BO UTPHTE NPEKY aHaIN3a Ha BU3YEIHOTO BHUMAHUE

Despite claims that the neurologically based cognitive
and behaviour deficits in individuals with RTT are
difficult to change or improve upon, severa studies
have shown that subjects with RTT can reach higher
developmental levels in the cognitive area than those
previoudy 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 spatia 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 beneficia to
use eye-gaze digital games aso 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 gamesto
improve attentional and motivation abilities in girls
with RTT. Specificaly, we aimed to assess if there
were modifications in attentiond 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 visua
attention using eye tracking (37-38). Furthermore,
several studies (39-41) supported the hypothesis that
the analysis of eyetracking parameters, such as
fixations and saccadic movements during the
performance of certain tasks, is related to attention
ahilities. For dl these reasons, in the present study, we
measured  atention through the eye tracking
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CO KOPHCTEIh¢ Ha HAlpasa 3a clejerhe Ha okoto (37-38).
IMonaramy, HekoNKy HcTpaxyBama (39-41) ja momgapxy-
BAaT XMWIOTe3aTa Jeka aHaIKW3aTa Ha IapaMeTpuTe 3a
CJIe/Iehe Ha OKOTO, KaKo IITO ce (HKcalujata u oTced-
HUTE [BIDKEHA 3a BpeMe Ha H3BEAYBame HA HEKOH
3a/auy, C€ IOBp3aHH CO CINOCOOHOCTa 332 BHUMAaHHE.
[Mopaau cute OBHE MPUUYMHH, BO 0BA MCTPAKYBAE, HUC
r0 M3MEpUBME BHHMAaHMETO MpEKy MapaMeTpure 3a
CIIeIele Ha OKOTO, JIOJDKIHATA Ha (uKcamujarta u 0pojoT
Ha duKcanujaTa.

Bo oaHOC Ha MOTHBAIMCKHUTE CIIOCOOHOCTH, TEIIKO € A2
ce yTBPAH CTENEHOT Ha MOTHBaIHMja Kaj nuuara co PTT,
OuJIejki HUBHHUTE KOMYHHKATHBHH CIIOCOOHOCTH Ce Hao-
raar Ha mpe WM mpoTo cuMmbommako HuBO (42). Kako
METOJIONOIIKH PEe3YNTaT, KPUTEPHYMOT 3a Ae(UHHpare
Ha CTEMEeHOT Ha MOTHBAIlMja YECTO yKaXyBa HA JIBOjHA
WHTepakiyja (OMM3MHATA HA TENOTO CO KOMYHHKAIIH-
CKHOT MapTHEeP MM [ENTa 33 CTUMYJ) HACOUCHOCT (0ve-
KyBam¢ Ha OWMXCBHOPATHM MPOMEHH Kaj MapTHEPOT U
U3pasyBame Ha 0JaroJapHoCT 3a OCTBAPYBambe Ha IEIH-
T€), OUPEKTHOCT (HACOUYBame HA OJHECYBAmBETO KOH
OJIeNIHA JIMYHOCT) M (anmjanHa ekcnpecrja (43). Bo
IPWIOT Ha TOa, 3HALUTE HAa MOTHBALMCKa BO30yHa
BKIIy4yBa MPOMEHH BO aKTHBHOCTA HA HEBOJNECBHOT
MoTopeH (aBToHOMHHOT) cucteM (44). 3atoa Hamany-
BAKETO WM 3TOJEMYBamBETO Ha MYJICOT U KOXHHOT
MPOTOK Ha KpBTa (BLPBEHYBAIHE UM CTAHYBAIHETO OJen)
UCTO Taka MOXKE Jia MpPOCNEIyBaaT PasidyHH EMOIHO-
HAaJHH WX MOTMBalucku ¢asu. Ha mpumep, memaTa Ha
TICHXOJIONIKM O/ITOBOP HAa Cpeka Ce KapaKTeph3upa Co
3roJIieMyBamke Ha CPIEBUTE (IIYICOT) W ENEKTPOIepMa-
nute aktuBHocTH (EJIA) (45). Tlopasu oBue npu4mHH, BO
OBa HCTpaXyBame, HUE I'l U3MEPUBME MOTHBALMCKHTE
CIIOCOOHOCTH BO Hacoka Ha adeKuMOHUTE (MHAEKCOT Ha
cpeka) u ncuxonomnikure (myncot u EJIA) oxrosopu (46).
Jlpyra 1en Ha oBa HCTpaXyBame Oellle Ja ce aHaIM3Upa
JalTd pe3ylTaTHTe 3a BHHMAHUETO M MOTHBALMCKUTE
MEpKH Ce OTPAaHMYECHM 33 OBME O0JAcTH WM Jald THE
MOXaT Ja OWJaT TeHepauu3UpaHH Kaj WHIUBHIYATHHTE
(yHKIMOHATHN BELITHHH.

Memodu

Yuecunnn

Bo uctpaxyBameTo yuecTByBaa 52 WTANUjaHCKH CYOjeK-
T co PTT. Bo3pacta Ha yuecHHUIUTE ce OBIKU OJ 2 10
33 roguuu (cpenna Bpegnoct=12.10 rogunu, CII= 8.70).
VdecHUIUTE ce PerpyTUPaHU OJ MTAlMjaHcKaTa Acolu-
jauuja 3a Per, koja ru KOHTaKkTHpa ceMejcTBaTa Ha Malu-
EHTHTE W TH Opallia Jajid cakaar Ja Oujar Jen oj oBa

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

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 decreasesin heart rate, (blushing or
turning pale) can al accompany various emotions or
motivational states. For example, the pattern of
physiologica response in happiness are characterized
by increase in cardiac (heat rate; HR) and
electrodermal activities (EDA) (45). For these reasons,
in this study, we measured motivational abilities in
terms of affective (happiness index) and physiologica
(heart rate and EDA) responses (46).

Another aim of the present study was to andyse 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 al over Italy.
All participants were diagnosed in Italian Centres
specidized in RTT syndrome and were in the post-
regression phase of the disorder; 95% had severe
intellectua disabilities and were unable to use speech.
All patients showed little or no purposeful hand use
and pervasive hand stereotypies. The ability to wak
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UCcTpaxyBame. Tre J10jioa o cute JenoBu Ha tanuja.
Cute ydecHuuy Owie MjarHOCTHLMPAHU BO WTAJIHjaH-
CKHTE [EHTPH CTIELUjaTI3UpaHH 38 PeT-0BHOT CHHIAPOM 1
Oea Bo mocTperpecuonata (asa of HapymyBameTo, 95 %
UMaa HEKOIKY HHTENEKTYalHH TIONpPEYeHOCTH U He
MOJea J]a 'O KOpHCTaT roBopoT. Cute MalMeHTH MoKaxaa
Malla WM HUKaKBa HaMepHa yrotpeba Ha palere W CHITHA
CTEpeoTHIN Ha pauere. MoxHocTa 1a onar Gemre 3ady-
BaHa Kaj 52 % ox mammentute. Cure ydecHmim Oea
no3utuBay 32 MECP2 myraimu.

Vuechuiure Oea noxenenu Bo jse rpymnu: 30 kou g00u-
Baa TpeTMaH (rpyna Ha TpeTMaH) U 22 Kou HeMaa Jjo0ue-
HO MHTEpBEeHIMja (4eKaa Ja Ounmar men of rpymara 3a
TPETMaH).

Marepujajan 1 HHCTPYMEHTH

Huzuinannu u2pu kou ce yipagyeaaiu co iio2neg. Jluru-
TAIIHUTE WTPH KOM Ce YIPaBYBaaT co TMOIIeA Oea WHCTa-
JupaHu Bo cienadot Ha oun Todu Cepuja-l. Todu Cepu-
ja-l Geme ymoTpebeH 3a CHUMame Ha BH3YEIHHOT OITO-
BOp Ha CY0jeKTOT Ha IUTHTAIIHUTE UTPH KOM CE YIIpaBy-
Baar co norsea. OBaa HampaBa CHAMA OKYJIAPHH JBHIKE-
Hha Kako WITO Ce JOKAlMjaTa M BPEeMETPacHheTo Ha OKy-
napHata QuKkcanuja (may3upame Ha JBIKEHETO Ha OKOTO
Bp3 TIPEAMET Of MHTEPEC) M CEKaNIHU JBIKEma (Op3u
IBIDKEHa ToMery (ukcanuure). YuecHHIUTe Oea 1o3u-
[IMOHMpAHH Ha JajnedrHa of okoxy 30 CM o1 eKpaHOT U
Hacokata Ha TIOrNeJoT Oelie YTBpJEHa COTJIACHO CO
METOJOT 3a IEHTapOT Ha 3CHULMTE/METON Ha KOpealHa
pedrnekcrja Ha WH(pPAIpPBEHH CBETJAa CO HU30K HWHTCH-
surer. CoTBEpOT 3a CIeleHe Ha TACHBHHOT MOTICH
(LCT, Cao ITaono, bpasun) Gerne ynotpebeH 3a reHepu-
pame Ha MOJATOLH 32 BpEME Ha BU3YEIHOTO CKEHHPAMbE.
FX cen3opHoTo oko € ceT Ha 30 coTBEPCKHU ATTMKALUH
KOM C€ CO3J3/ICHN 32 HajpaHHUTE CTENeHH Ha KOMIIjyTep-
ckn mpucrtan co nornex. CodrTBepoT ¢ mopeneH Ha S5
HHBOA Ha HCTpaxyBame. Cexoe HUBO JeTyBa KaKo Tpe-
HUHT 32 NOJ00pyBambe Ha CIOCOOHOCTA 32 BHUMAaHHUE:
[IpBo HuBO: ['mename Bo mpaseH ekpaH. [neqamero BO
Npa3eH eKpaH MM OBO3MOXYBa Ha CyOjeKTHTE Ja ja uc-
TpaXkaT NpUYMHATA M e)EKTOT — Kora Ke MOrJIeIHAT, Helll-
TO ce CIydyBa, a Kora ke o TPrHaT MOTNENOT, MpecTa-
HyBa — OBOj KOHIENT ¢ ()yHHaMeHTaleH 3a yderme Ha
nornenot u motpebara ma ce uctpaxysa (IIpukaz 1).
Urpata koja Oeme u3bpaHa 3a OBa KCTPaXKyBame ¢
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
ingtalled in an eye-tacker Tobii Series-l. Tobii Series-|
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/Cornea 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 1. Blank Screen Engagement. Blank screen
engagement activities alow 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.

110

JEDEKTOJIOLIKA TEOPHJA W TIPAKTHKA 2018; 19(3-4):105-126



0[] NPAKTUKATA 3A MPAKTUKATA

- Black Screen Engagement

Cnuxka 1. I'negare 6o tipasen ekpan

Bropo HuBo: [IpemecTyBame Ha mpeaMeT. AKTUBHOCTUTE
3a TIpeMecTyBambe Ha NpeMeT BKIydyBaaT HEKOH O] Me-
TOJIUTE HA MOTJICTOT KaKo MTO ce (QYHKIMUTE 32 HAOTambe
U OCHOBHO HHIIIAHEHE — TyKa CyOjeKTHTE MOXKe 1a ce
37061jaT cO MOrojieMa CBECT 3a TOa Kako ONM3MHATA Ha
HHUBHHOT TIOTJIE]] TO aKTUBUPA OJI'OBOPOT OJI COJPXKUHATA
Ha ofipeneHa obnact Ha ekpaHot ([Ipukas 2). Urparta koja
Geure n30pana 3a 0Ba HCTpaXyBame ¢ Scatter (4-ta).

- Objects Displacement

. T:]e

Cnuxka 2. [lpemeciuysarve Ha ipegmeiti

Tpero mHuBO: 30HCKO (okycupame. CrocoOHOCTA 1a ce
TapreTrpa opeeHa 06IacT 011 eKPaHoT ¢ 3HAYACH YEKOp
BO YUCHETO Ja Ce KOHTPONHpa KypcOpOT Ha KOMIIjy-
TepCKoTO TiyBue. Bo oBa HUBO, HHE cakame CyOjeKTHTe
Jla MOXAT J]a 3aMOYHAT J1a T0 QUKCHPaaT HUBHUOT TOTJIE
3a J]a MOCTUTHAT TIOBUCOKO HUBO HAa KOHTPOJA M MPELH3-
HocT. Ha oBa HMBO, HHME pa3BMBAME BEIITHHH KOHM CE
HEOMXOJHM 32 Ja Ce TOCTUTHE YCIelHa Kaunbpardja
(Tpuka3z 3). Urpata koja Oeme m30paHa 3a oBa HCTpa-
xyBame ¢ Whack (BTopa).

- Zoned Focusing

T

Cnuka 3. 30HcKo oxycuparse

o

»

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 ahility 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).

Lad
Li.

Figure 3. Zoned focusing
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YetBpTo HHMBO: AKTHBHO HCTpaxyBame. O TpHMapHO
3Haueme € CyOjexTuTe Ja OuaaT MOTUBHpPAHM 33 Jia ce
TOBP3aT CO EKPaHOT. AKTHBHOCTHTE 3a aKTHBHO HCTpa-
KyBarme T 0XpadpyBaar CyOjeKTHTE Ja ce MOBp3aT Co
TIOIIMPOKaTa 00JACT Ha €KpaHOT M Ja ce 3abaByBaar
noneka ru xopucrar HuHute oun (Ilpukas 4). Wrpata

Koja Oemre m3bpaHa 3a OBa HCTpakyBame ¢ Shooting
(3-ta).

- Active Exploration

Cnuxka 4. AxiiugHo uciupasxcysarbe

[Terro HuBo: KonTpommpano tapretupame. AKTUBHOCTH-
T€ 32 KOHTPOJIMPAHO TapreTUpare MOXKE J1a UM [TOMOTHAT
Ha cCy0jekTUTe Ja TWOCTHTHAT TIOrojieMa KOHTpOJIa,
IIOBUCOKO HHMBO Ha HPELM3HOCT U MOJETAIHO pa30upame
Ha ¢yukiujata (IIpukas 5). Urpata koja Geme n3bpana
3a 0Ba MCTpaxyBame ¢ Bee (4-ta).

- Controlled Targeting

Cnuxa 5. Koniuponupano iuapzeiiuparse

Pesynrarute o WrpameTo OMUINYBaaT KOJNKY J0OpO
nsurpane ydecHuuure. OBue MepKH ce Crnelu(puyHH 3a
CeKkoja Wrpa omenHo. Bo 0fHOC Ha aKTHBHOCTA 3a
TJIeJlale BO MPA3eH eKpaH, OMejku urpata 3ammpa Kora
Cy0jeKTOT Ke TOrNie[He HAJBOP Ofl €KPAHOT, OpPOjOT Ha
MUHYTH Ha CEICKTHBHO BHMMaHHE Oemre n30paHO Kako
3aBHCHA Bapujabia. Bo onHOC Ha akTHBHOCTA 32 HpeMe-
CTYBam€ Ha TpeIMeET, Ouejku OM3MHATA HA TIOTJICAOT IO
aKTHBHPA OJrOBOPOT OJI COAPXKMHATA BO OJpeneHa 00-
JacT Ha EKPaHOT, OpOjoT Ha MOTOMOIM BO IHTA, HA
npuMep, co morie Oele 3eMeH Kako 3aBHCHA BapHjalia.
Bo ozxHoC Ha 30HCKOTO (OKycHpame BO Urpara, Ouiejku
CIIOCOOHOCTA J1a ce TapreTUpa OJIeNHa 00IacT Of eKpa-

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 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 sdlective 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

112

JEDEKTOJIOLIKA TEOPHJA W TIPAKTHKA 2018; 19(3-4):105-126



0[] NPAKTUKATA 3A MPAKTUKATA

HOT Oele akTHBUpaHa, OpOjoT Ha TOPTH BO JIMIETO Oere
n30paH 3a 3aBKCHA Baprjadia. Bo 0HOCOT Ha aKTHBHOTO
UCTpaXyBame, OMejKH CTUMYJIOT Oemre IEIOCHO IpeT-
CTaBeH Ha IENHMOT eKpaH M crnocoOHocTa na ce darar
Op3o Oemie akTWBHA, M OpPOjOT HA YAPEHH OBOIIja CO
norsie]] Oerie 3eMeH 3a 3aBUCHa Bapujadna. Bo omHoC Ha
AKTUBHOCTUTE 32 KOHTPOJIMPAHO TapreThpame, Ouaejku
CIIOCOOHOCTA 33 aKTHBUPAE HA IIOTOJeMa KOHTpoJa Ha
OKOTO € TIOTpeOHa 3a Wrpame Ha OBaa Wrpa, OpojoT Ha
yZpeHH mueny Oelle 3eMeH 3a 3aBUCHA Bapujadna. Pesyn-
TATHTE O] UTPAETO HEe Oea TPeTUpPaHH Kako crenupuy-
HU TIapaMeTpu Of BIMjaHHETO HA WHTEpPBEHIMjaTa, HO
Kako KOHTpOJIa 32 ehrKacHOCTa 32 yUerhe.

Hugexc na enumanue. 3a TPOLIEHKA HA CTMOCOOHOCTA 32
BHUMaHHe Oea ynoTpeOeHH J[Be MEPKH: BPEMETO Ha IeHe-
paTHO BHUMAHKE IITO CY0jEKTOT ro 0OpHAT Ha COIPXKU-
Hata (BpeMe MOMHHATO BO TNIEIamhe Ha JIMIETO Ha eKCIie-
PUMEHTOPOT MM WIpaTa) M MEPKHTE 3a CICIeHhe Ha
0KoTo. BO OfHOC Ha CNEACHETO Ha OKOTO, CIIEJHHTE
nmapameTpu Oea mpecMeTaHu: JOJDKWHA Ha (uKcarmjata
(FL), xoja e xonuunHaTa HA BpeMe (CEKyH/H) TOMHHATA
OZ CTpaHa Ha Cy0jeKTOT Kora rieia BO IenTa (CIerm-
(uuHa 3a cekoja urpa onjenHo), 6pojor Ha QuKcauu
(FC), xonky maTé Cy6jeKTOT MOrJeaHan BO IIENTa.
@ukcarmute 6ea m3MepeHn co ymorpeda Ha mpar ox 100
ms. Cute oBHe MEpKH, MPEJ] U TMOCIIe TECTUPAmBETo, Oea
coOpann mermatd W Oelle 3eMeHa TPEABHI CpeIHaTa
BPETHOCT.

Hngexcoin na momusayyja. 3a POLEHKA HA MOTHBALH-
CKHTE CIIOCOOHOCTH, HHE KOPHCTEBME HEKOJKY Mapame-
Tpu neQUHUPAHU KaKo ,MHIEKC Ha cpeka“. OBoj mapa-
Merap of TakcoHomujara Ha Bau Jlep Mar (Van der
Maat) (47) koja ce 3acHOBa Ha €KCTCH3WBHHM aHAIM3M Ha
KOMYHHKALICKUTE AaKTMBHOCTM Ha JIMIATa CO TeIKa
MHTENEKTyalHa TONPEYCHOCT CO HUBHHUTE HETYBATEIHL.
OBaa TakCOHOMHja CE COCTOM OJl JIBAHACCET IJIABHH
kareropun Ha Ouxeuopamnu Qopmu: (1) Hacoka Ha
norsenoT, (2) ¢aumjanHa excmpecja, (3) 3Byrm, (4)
IpXKeme Ha TiiaBata, (5) IOBWKCHE Ha TIWaBata, (6)
IpXkeme Ha Tenoto, (7) IBIKEHE Ha JOJHUTE eKCTpe-
mutetH, (8) IBWXKEHE Ha TOPHUTE eKCTpeMuTeTH, (9)
IBIKee Ha yctara, (10) mcuxomomka peakuuja, (11)
arpecrja 1 (12) KOHBEHIMOHATHH TecTOBU. JloroBOpOT
nomery yuecnuiure Oeme 96 %. 3a co3naBame Ha TOBe-
Ke mapameTpu, HHe 3ej0BMe 7 OJHECYBama Ol TaAKCOHO-
mujata Ha Bam Jlep Mapr (1992). Toa ce: Hacoka Ha
TOTJIeNOT, (hamujaiHa eKCIpecHja, 3BYIH, JBIDKCHE HA
ycTaTa, TCHXOJOIWKH Peaklyy, IBIKCHE Ha TaBata W
KOHBEHIMOHAJHH T'e€CTOBH. ['M CHUMHBME OBHE I€CTOBH
CO TOMOLI Ha KaMepaTa Koja € JIeJ OJf CIea4yoT Ha OYHTe.

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 ahility 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 a 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 val ues 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 usua caregivers. This
taxonomy included twelve main categories of
behavioural form: (1) gaze direction, (2) facid
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)
aggresson 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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JlBajiia He3aBHCHM HAOJbyAyBaud T TNeAaa BHUACATA U
MapKupaa Ha JIUCTa Jali Ce NPHUCYTHH CHTE 7 OjHe-
CyBama M Jafoa BpeaHOCT ox | 3a mpucytHu u ( ako He
ce MPUCYTHH. MOTHBAIIMOHHUOT MHJIEKC Oelle neguHupaH
Kako 30HMp OZ BpeIHOCTA HA CUTE PEIMETH.
Hcuxonowxu iipecmeitiky. TICHXONOMKATE TNPECMETKH
Oea coOpaHy MpeKy TEXHOJIOTHja Ha CEH30PH KOH ONKpY-
’KyBaaT. OBaa TEXHOJIOTHja KOPUCTH HATIPEAHN YAaCOBHHU-
1M ¥ IATCHTHPaHa TEXHOJIOTHja 32 TIOCIEA0BATENHO ClIe]I-
e Ha MICHXOJIOIKHUTE CUTHAM TIPEKY HEKOJIKY CEeH30DH.
CeHzopute TI'm mpeHecyBaaT MOJATOLMUTE JO IaMeTeH
Tene(hoH mpeKky ONYTYT KOHEKIHWja U Ofl TeneOHOT 10
CUTYpeH cepBep, EMmaTika npexy MHTEpHET KOHEKIHja.
[Mapamerpure 6ea EIIA ceH3opm Kou ja MepaT aKTHB-
HOCTa Ha CUMIIATETCKUOT HEPBEH CUCTEM U XP CeH30pOT.
Mepxkure Ha EJIA kako KOHTHHYMpaHH Bapujallid Ha
eJIeKTPHYHUTE KapaKTEePUCTUKU Ha Koxkara. JlecHo mMoxe
Jla ce TIPOYMTa O] MOBPIIMHATA HA TEJIOTO U ja MpeTcTa-
BYBa aKTUBHOCTa Ha aBTOHOMHHOT HepBeH cucTeM (48).
EJIA e Ommcky moBp3aHa CO aBTOHOMHHTE €MOLHMH H
KOTHUTHBHHTE MPOLECH U € IIHUPOKO YHOoTpedyBaHa KaKo
CEH3UTHBEH MHJICKC 32 eMOILMOHAIHHUTE TIPOLIECH M CHM-
IIATCKHUTE aKTUBHOCTH (49).

@ynkuyuonarny ckany. BUHenaHa ckanarta Ha ajanTanyja
Ha OJ[HECYBAETO € AM3ajHUpaHa Ja MOILIPXKyBa IHjar-
HO3H Ha UHTENEKTYaIHH U Pa3BOjHH TonpedyeHocTH. Cka-
JUTE Ce OpraHM3UpaHd BO YETHPH JOMEHH: KOMYHH-
Kalja, JHCBHUOT JKMBOT, COIMjalH3alldja ¥ MOTOPHH
BELITHHU. VIHTepBjyepoT OCTaByBa reHepaIHy Npallamba
BO OJHOC Ha ()YHKIIMOHHPAEHETO HA CYDjeKTOT BO CEKO]
JIOMEH ¥ T KOPUCTH OATOBOPHTE 32 MPOLCHKA HA MCIIH-
TAHUKOT HA CEKoja OJf KPUTHYHUTE OJHecyBama (2:
cexoram mpucyTeH, |: moHekoram mpucyteH, 0: peTko
WIM HUKOTAll He € MpUCYTeH). THIHYHWMTE HHTEpBjya
TpaaT TNpPHOMIKHO ejeH dvac. BKymHHOT pesynTar e
TIpECMeTaH co cobHpame Ha MHIUBUIYAHUTE PE3yITaTH
071 cekoja ckana. JloBepIMBOCTa Ha CKajgaTa € BOCIIOCTa-
BEHA Ha CJIEJEH HauuH; nojeneHo Ha nososuHa 0.73-0.93
3a KOMyHHKaIckuoT aomeH, 0.83-0.92 3a Bemrrunute 3a
nHeBeH xuBoT, 0.78-0.94 3a coumjamuzanuja, 0.70-0.95
3a motopun BemrHHH, 0.84-0.98 3a mpucmocobmmBo
onHecyBatbe, 0.77-0.88 3a HeaanTUBHO OflHECYBaE (BO
¢opma Ha ankera) (0.80 u 0.90 ox popmara Ha aHKeTaTa).
KoedumuenTture Ha JOBEPIHBOCT Off HCTPAKYBAMHETO U
npouupenute ¢opmu ce aBmwkea on 0.62 mo 0.75.
CranpapaHara Tpelika Ha MepemaTa ce JBikele o 3.4
no 8.2 kaj wermpute aomeHH W on 2.2 1o 4.9 kaj
[Ipucnoco6amBOTO OIHECYBaKE, Kaj aHKETHATA (hopMma.
Ckamara 3a TIpoLleHKa Ha pejTMHIOT Ha Per e
cranmapmusupana ckata (RARS) koja ce ymorpeOysa 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 physiologica
signas 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
variationsin 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 emotiona 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:
aways present, 1. sometimes present, 0: seldom or
never present). Typical interviews require approxi-
mately one hour. A total score is computed by
summing the individua 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
socidization, 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 cyOjekture co Per-oB cunapom (50).
RARS e cucrematusupana Bo ceiyM JOMEHH: KOTHH-
THBEH, CEH30PCKH, MOTOPEH, EMOLMOHAJICH, aBTOHOMEH,
TUTIMYHH KapaKTEePUCTHKH Ha OoJecta M OMXEBHOpPAIICH.
KoraurtrBHata 061acT ce COCTOM OJf IPOLIEHKA Ha BHUMa-
HUETO, TMPOCTOpHA OpHEHTAlWja, BPEMEHCKa OpHEHTa-
IMja, MEMOpHja, KOHTaKT CO OYHM, OATOBapame CO cMee-
Be, CIOJENCHO BHHMaHWE, BepbanHa u HeBepOaiHa
KOMYHHUKaIHja; CEH30pcKaTa 001acT ce COCTOM OJ] BUIHO
TI0JIE U CITyX; MOTOPHATA 00JIACT C€ COCTOM OJI TIO3HIIHja U
IBIDKEE HAa TEJIOTO, ABIKEHE Ha paleTe, CKOJIMO3a,
npobieMy BO CTamajara; €MOLMOHaNHATa o0JacT ce
OJlHECYBa Ha pa30OHpame Ha EMOLMHTE U EKCIpecHja Ha
€MOLIMUTE; aBTOHOMHATa 00JIacT ce OJJHEeCYBa Ha KOHTp-
oNa, XpaHemwe, CIOCOOHOCTa 33 Kaleme U 00NEeKyBambe;
obracta 3a TUNMYHUTE KApaKTEPUCTHKH Ha OonecTa ce
OJlHECYBa Ha IIPOMEHAa HAa DACIONOKEHUETO, TpUeHe,
npoONeMH CO IUIICHETO, TCH3Mja BO MYCKYIIUTE, HABHKH
Ha HcxpaHa; oOmacta 3a CEBKYIIHaTa HMIIpecHja ce
OJIHECYBA HA TeHEpallHaTa TPOLEHKA Ha CUMIITOMHTE Ha
Per cunngpomor (om Huty eneH cummrom (1) mo cute
cumnrtomu (4)). [penmerure Ha RARS ce co3nanenu co
cle/iekhe Ha JWjarHOCTHYKUTe Kputepuymu 3a PTT
Janenu o JujarHOCTHYKA U CTATUCTHYKH IPUPAYHHK 32
MEHTaJIHA HapylyBama, 4-to m3nanue (DSM-IV-TR; 51)
U HEOJAMHEIIHH HCTPAXyBama U KIMHAYKH HCKYCTBA.
BkynHo 31 mpenmer Gerne reHepupaH Kako perpe3eHTa-
tuBeH Ha npo¢mior Ha PTT. Cekoj mpeamer conpxu
KpaTko o0jacHyBame 3a HEroBoto 3Haueme. Cekoj
IpeaMeT € PaHTHpaH Ha ckaia of 4 moeHu, kage 1=Bo
paMKUTe Ha HOPMAIHHUTE TPAHHIM, 2=PETKO WM HHCKa
aOHOPMAJIHOCT, 3=4ecTo WM CPEIHO BHCOKAa aOHOpMa-
HOCT, 4=cmnHa abHopManHocT. CpemHHTE PejTHH3U ce
MOXHH, Ha IpUMEp, OATOBOp MmoMery 2 W 3 moeHu ce
paHrmpa kako 2.5. 3a cekoj mpeaMeT, MPOICHUTENOT T
320KpY’KyBa OpOjOT IITO KOPECHOHAMPA HA HAjA00pHOT
OIKC Off MauueHTOT. OTKAKO €IeH MALMEHT € OLCHET 3a
BKymHO 31 mpemMer, BKyIEH pe3yiTaT € MpecMeTaH Co
coOupame Ha CUTe MHIMBHAYANHH pejTHH3U. OBOj BKY-
IIeH Pe3yaTaT My OBO3MOXKYBa Ha IIPOLICHUTENOT Ja IO
uIeHTH(UKYBa cTerneHoT Ha cepruo3HocT Ha PTT, kow-
HeNTyalTu3upaH Kako KOHTHHYYM KOj HMa oIicer o1 Onarn
CUMIITOMH JI0 TeIIKH Je(uiuty. BpenHocTute Ha KOCOCT
U KypTasa, MpecMeTaHd 3a AUCTPHOYIHMja HAa BKYIHUTE
pesynrat, G6ea 0.110 u 0.352. Jluctpubymujara Oemie
HopmanHa. ®opmynara Kponbax anda Gemre ynorpedena
3a yTBpAYyBamb€ HAa BHATPEIIHATA KOH3HUCTEHTHOCT 3a
IenaTa ckaja u moTckanute. BrymHara anda Oeme 0.912
¥ BHATpeIIHaTa KOH3MCTEHTHOCT Ha IHOTCKaIMTe Oeme
Brcoka (0.811 u 0.934).

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

The Rett assessment rating scae (RARS) is a
standardized scale used to evaluate subjects with Rett
syndrome (50). RARS is organized into seven
domains. cognitive, sensoria, motory, emotional,
autonomy, typical characteristics of the disease, and of
behaviour.The cognitive area consists of evauations of
attention, spatial orientation, tempora 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 typica 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 genera
evaluation of the symptoms of RTT (from no
symptoms (1) to al the symptoms (4). The items in
RARS were congtructed 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
abnormdity. Intermediate ratings are possible; for
example, an answer between 2 and 3 points is rated as
2.5. For each item, the evduator circles the number
corresponding to the best description of the patient.
After a patient has been rated on al 31 items, a total
score is computed by summing the individual ratings.
This totd score alows the evaluator to identify the
level of severity of RTT, conceptualized as a
continuum ranging from mild symptoms to heavy
deficits. Skewness and kurtos's values, calculated for
the distribution of the total score, were 0.110 and
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[porpecuBHara oboena pejeH martpuma (I[[IM;52) ce
KOPHUCTH 3a Jiela o 5 10 11 ropuHu 1 3a MHIUBUAYH CO
(M3MYKE ¥ TICHXWYKH HapylryBama. Bo oBa HCTpaky-
Bame Oeme ynorpeOeHa MoauduIMpaHa MpOrpecHBHA
o0oeHa pejBen Marpuua. Cepuja A um Oemie JajieHa Ha
cyOjektuTe M cekoja Tabema Oerne moroiema (42 cm X
29.7 cm) ox cranpapanara. Ilpen cyGjextor Gemre moc-
TaBeH u300p on aBa mpeamera. Cekoja uen Oerie
NPETCTaBeHa 3aeIHO CO eICH OJBJICKYBay Ha BHHMAaHHE
Ol craHjapaHaTta cepuja. /lBara mpeamera (uenta u
OJIBJIEKYBAUYOT HA BHUMaH¥He) Oea MPUKKAHHU TPHUIIATH U
IPOCTOpHATAa ITIO3WLMja HAa LENTa M OIBJIEKYBa4OT Ha
BHUMaHue Oea ciTydajHO mocTaBeHH. Kora cy0jexTor ke
Jane JiBa TOCIEAOBATEIHN U TOYHH OATOBOPH, MCIIUTY-
BAYOT ja MpeTCTaByBallle clejHaTa Tabena; kora cydjek-
TOT K€ TIOBTOPEI TPUIIATH TPELIHO, TECTOT CE MPEKUHYBA.
BxymHHOT pe3ynTar e npecMeTaH co codupame Ha OpojoT
Ha TOYHH OJFOBOPH 32 CEKO]j MPEIMET.

Ipouenypa

Cure mojaTouM BO OBa MCTpaxyBame ce COOpaHH BO
THBKa 00NacT OJ KaHIEnapuute Ha MTammjanckata
aconmjaiuja 3a Per. CyOjexrure Oea TecTHpaHW WHIM-
BHIyaJIHO BO 0Baa obnact. Tue Gea TecTipanu ox 9 yacot
no 13 dgacor. Cekoj cybjekT Oemie IMO3MIMOHHPAH HA
ozateyeHoct o7 30 CM o1 eKpaHOT Ha CIeAaYoT Ha OUH
BO KOJ MPETXOJIHO Oellle MHCTaJIUpaH JUTUTAIeH cOTBEp
3a cJe/ethe Ha TOTJIeOT.

HctpakyBauoT MOKaxXyBa KOH €KpaHOT U My 300pyBa Ha
Cy0jeKTOT 3a J]a TO OJIBICYC HEj3MHOTO BHUMAHWE U
HEj3UHHUOT TIOTJIe]T HA OYETOKOT OJ CEKOja urpa 3a Jia ja
IIPETCTaBH CEKOja UIPa OAIEIHO.

Yeci0BH 32 npefaBame

U Bo mBete (azu, npen U MOCie TECTUPAmHETO, HEBPOIICH-
XOJIONIKKUTE 1 OUXEBHOPATHUTE MapaMeTpu Oea H3MepeHn
co ymoTpeOa Ha TEXHOJOrWjaTa 3a CICACHE HA OYHTE U
(yHKIMOHATHATE CKaJM, ONHILAHK TIOTOPE BO IEIOBHTE
3a MaTepujauTe U MHCTpyMeHTHuTe. Bo da3ara Ha yueme,
DGBL 6ea ynorpeOyBanu Bo Tpaetwe o1 30 MUHYTH, TIET
JIeHa BO Helenata, 3a MEpHOA OA 4 Helemu, TpeKy
JUTUTANHUTE WTPH KOM CE YIPaByBaaT CO MOIVIET, KOU
Oea mperxoxHo mHcTanmupanu Ha Tobu Cepmja — |. Bo
Tabena 1 ce onmmanu Tpute pasu.

Bo oBoj excriepument, DGBL e aktuBHOCT 3a MHTEpak-
IIMja BO KOja YYECHHIIUTE MOCIEIOBATENIHO WTpaar ImeT
UIPH, JU3ajHUPAHA J]a TIPOMOBUPAAT yYCHE WIH Pa3Boj
Ha KOTHHTHBHHTE BEIITHHH, KAKO IITO C€ BHUMAHHETO U
MoTuBanujara. JIurutanHuTe UrpH Kou Oea ynotpeOeHu

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.
Tota adphawas 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 individuas. 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 spatia 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
erroneoudly 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 individualy in this area. They
were tested in the morning from 9.00 am. 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 atention and her gaze at the
start of each game to introduce each game.

Teaching condition

In both pretest and post-test phases, neuropsycho-
logicad and behavioural parameters were measured
using eye tracker technology and functiona scales,
described in the materias 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-| 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 HCTpAXYyBalbe CC OIMIIAHA BO TMOAACTIOT 3a

UT'PUTE CO MOTJICH.

digital games used in this study are described in the

eye-gaze games subsection.

Tabena 1. Exciiepumeniuannu azu | Table 1. Experimental phase

Multiple baseline sessions
administration
Pesyntatu on urpame
Game performance scores
Attention/ Buumanve
M otivation/happiness
Mortusarmja/Cpeka

IIcuxomnomku MEpUu
Physiological measures

Enna agMuHuCTpaImja

Single administration

Vineland/Bunenauz
Rars/Papc
Raven/PejBan

I'pynn Pas3a Ha pe] TecTUpambE Vyemwe Dasa nocne TecTUpame
Groups Pre-test phase Learning Post-test phase
I'pyna Ha Hexkonky ocHOBHU DGBL, 30 munytH 32 5 Hexkounky ocHOBHU
TpETMaH AJIMHUHHUCTPHUPAHHU CCCUU J€Ha BO HEACJIaTa 3a 4 AIMHUHHUCTPUPAHHU CCCUNU
Treatment Multiple baseline sessions | Henenu Multiple baseline sessions
group administration DGBL, 30 minutesfor5 | administration
Pesyitatu o1 Urparme days a week for four Pesyitaru o1 Urparse
Game performance scores | weeks Game performance scores
Attention/ Buumanue Attention/Buumanue
Mortusaruja/Cpeka Mortusanuja/Cpeka
M otivation/happiness M otivation/happiness
[Ncuxonomku mepu [Ncuxomnomku mepu
Physiological measures Physiological measures
Enna agMuHucTpanuja Enna agMuHucTpanuja
Single administration Single administration
I'pyna 1o Vineland Vineland
4eKa TPeTMaH Rars bez DGBL Rars
Awaiting Raven No DGBL Raven
Treatment
group

Multiple baseline sessions
administration
Pesyntatu on urpame
Game performance scores
Attention/ Buumanve
M otivation/happiness
Mortusanuja/Cpeka

TIcuxonomku MEpHU
Physiological measures

Enna agMuHuECTpaImja

Single administration

Vineland/Bunenanz
Rars/Papc
Raven/PejBan

CTaTHCTHYKA aHAJIN3A

IMonaronure 6ea anammsupanu Bo CIICC 20.0 3a Bun-
JIOBC OTICPATHBEH CHCTEM. 3a crmopenda Ha pes3ynTaTuTe
OJ1 TIPeI TECTHPABETO U MOCIE TECTUPABLETO, OJATOIUTE

Statistical analyses

The data were analysed using SPSS 20.0 for Windows.
To compare the pre-test and post-test scoresthe data
were analysed using ANOVA 2 (Group: treatment vs
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Oea amanmmsmpanu co ymorpe6a Ha ANOVA 2 (I'pyma:
TpeTMaH V IITO ueka TpeTMaH) X° ((asu: mpea u mocie
TecTHpame). JleCKpHIITHBHATA CTATHCTHKA HA 3aBHCHUTE
Bapujabiu Oenre Tabenupana W nperienana. Anda-HUBO
Oemme mocraBeHo Ha 0.05 3a cUTE CTATUCTHYKH TECTOBHL.
Bo cnyuajor Ha 3HauajHu edexTu Oemie AajeHa roie-
MuHAaTa Ha eekToT (53).

Pe3yaratu

[Ipen ma ce pasriefaaT pe3yiaTaTUTe 32 BHHUMAHHETO,
MoTHBalMjata U (QYHKIMOHAIHUTE CKaJIW, HUE TH WCIIH-
TaBMe MOJ00pyBambara BO UIPAKETO JOOUEHHU 32 BpeMe
Ha y4eHEeTOo; 3a KOHTPOJIUpame Ha euKacHOCTa Ha yde-
BETO (CeKYH/apHa Ie, HO HEOMXOIHA 32 IHCKyCHja Ha
IpUMapHarTa Ien).

Bo Tabena 2 ce npukaxaHu cpeJHaTa BPEIHOCT U CTaH-
JapIHaTa JieBHjalldja Ha Pe3ylTaTHTe O UIPAmbeTo Ha
cybjekture co PTT. I'pymuuor ¢akrop mokaxysa 3Ha-
vaeH edekr, F (1, 51) = 4.3, p<0.01, d=0.92, ucro taka
(a3HuoT (pakrop mokaxysa 3HadaeH epexr F (1, 51) =
6.3, p<0.01, d=0.91; I'pyma X da3a uHTEpaKIHjaTa UCTO
Taka Mmokaxysa 3HauacH epekt F (1, 51) = 5.2, p<0.01,
0=0.92. OBue pe3ynTatu yKaKyBaat jaeka cyOjeKTUTe Co
PTT mokaxyBaat MO3WTUBHU TPEHJOBH Ha MOZ00PYBambe
Ha pesynTatute o] (hazaTa Ha mpex TecThpame 10 (azara
Ha TECTHpame, BO criopesida co pe3yaTaTuTe Ha rpymara
Koja yeka TpetMaH. Kako mito Oeiie oueKkyBaHO, OBHE
pe3yaTaTH ce coBmaraaT co oHME BO JmTepaTyparta (15;

19; 32; 35).

awaiting treatment) x? (phases. pre-test vs post-tests).
The descriptive statistics of the dependent variables
were tabulated and examined. Alphalevel was set to
0.05 for al dtatistical 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, aso 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, thisfinding isin line with existing
literature (15; 19; 32; 35).

Tabena 2. Cpegna épegrociu u cidangapgra gegujauuja Ha pesyriuaiiuiie og uZparbeiio
Table 2. Mean value and standard deviation of the game results

Groups Digital Games Pre-test Post-test
[pymu JururaaHu urpu [Ipen tectupame | [locie TecTupame
Treatment Group M (SD) M (SD)
I'pyna Ha TpeTMaH Black Screen Enganment® 1.22(0.64) 1.77 (0.80)
IToBp3yBame co LipH eKpaH
Object Displacement? 64.45 (50.32) 80.55 (51.98)
[TomectyBame Ha mpeqMeTn
Zoned Focusing® 6.64 (10.24) 10.64 (10.42)
30HcKo Qokycupame
Active Exploration* 4.82 (2.61) 7.09 (2.29)
AKTUBHO HCTpaKyBambe
Controlled Targetings 23.64 (15.46) 4491 (23.92)
Konrponupano tTapretupame
Awaiting Treatment Group
I'pyna mro yeka TpeTMaH 0.50 (0.60) 0.65 (0.78)
Black Screen Enganment1
[ToBp3yBame co 1pH ekpaH
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Object Displacement2 34.55 (54.23) 34.10 (49.85)
[TomectyBame Ha mpeqMeTn

Zoned Focusing3 2.34 (12.65) 2.35(12.40)
30HCKO hOKyCHparme

Active Exploration4 1.90 (2.65) 1.90 (2.34)
AKTUBHO HCTpaKyBame

Controlled Targeting 14.22 (12.50) 14.24 (12.48)
KonTtponupaHo Tapretupame

Note/3abenemxa

1= number of hitted pies/1=6poj na yapenu nutu

2= number of cakesin the face/2=6poj Ha TopTH BO JTHIE
3= number of hitted fruits/3=6poj Ha yapenu opomja

4= number of hitted statues/4=6poj na yapenu cratyu

5 number of hitted bees/5=6poj Ha yapenu muenu

Bo Tabena 3 ce mpukakaHH CpeHATA BPEIHOCT U CTaH-
JapJHaTa JeBHjalija 33 BHUMAaHHE, MOTHBAIHja, CIeIe-
B¢ Ha OKOTO, IICHXOJIOLIKHTE MEpU U (QYHKIMOHATHHUTE
ckaii. Bo ogHOC Ha MepHuTe Ha BHUMAHHETO, IPYITHHUOT
(aktop mokaxysa 3HauaeH egekt, F (1, 51) = 7.2
p<0.01, d=0.91; ucto Taka (ha3HUOT (HAaKTOp MOKAKYBA
suagaen edekr F (1, 51) = 4.2, p<.01, d=0.91, u dazara
Ipyna X uHTepakumjata mokaxysa 3HadaeH edexr F(1,
51) = 6.7, p<0.01, d=0.92. Oswe pe3ysrari 00e30eqyBaaT
nokasu geka DGBL wuma edexkr Bp3 MuHYTHTE LITO
cyojextute co PTT ru moMuHyBaart riefajku BO UTPUTE U
BO JIMIIETO Ha MCTPaXyBauoT. Bo oHOC Ha MepuTte 3a
CIIE/ICHETO Ha OKOTO, TOBTOPHO, 3HauaeH egekr Oeme
yTBpIeH. [10TOYHO, TPYMHHOT (HaKTOp MOKAXKYBa 3HAYACH
epexr, F (1, 51) = 4.2, p<0.01, d=0.90, ucro Taka
(asHuoT (akTop mokaxysa 3HayaeH edekr F (1, 1) =
7.3, p<0.01, d=0.92 u ¢aszara I'pyma X wuHTEpakumjaTa
nokaxxya 3Ha4acH edexr F(1, 51) = 5.2, p<0.01, d=0.92.
MOXKHO € JIa ce 3aKJIy4yd Jieka u jaBara mapamerpu FC u
FL 3a cekoja om wurpmre ce 3roieMyBaaT oI Mpex
TPEHHHTOT [0 TIOCJe TPEHUHIOT Kaj TPYNUTe IITO Ce
mnoxenn Ha DGBL.

Table 3 shows the means and standard deviation of
attention, motivation, eye-tracking, physiologica
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; aso 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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Tabena 3. Cpegna eépegnociti u cilangapgHa gegujauuja Kaj KOZHUMUGHUILE, MOTUUSAUUOHUIE U UCUXOTOUIKUILe

Mmepu

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

Groups Measures Pre-test Post-test
I'pymu Mepu [Ipen Tectupame [Tocne TecTupame
Treatment Group M (SD) M (SD)
I'pyra Ha TpeT™MaH Multiple baseline sessions administration
AJIMHHHCTpAIHja Ha IOBEKEe OCHOBHY CECHH 13.34(3.98)
Minutes of attention/MuHyTH Ha BHUMaHHE 91 (9.10)
FL 10.50 (2.91) 58 (9.08)
FC 32 (7.05) 6.21 (2.10)
M otivation/happiness/Morusaiuja/Cpeka 8 (7.03)
Physiological measures/TIcuxomnouky 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/Enxa aqmunucTparmja
Vineland/Busenany 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'pyrma mTo yeka TpeTMaH AJIIMPHHCTpanyja Ha HoBeKe OCHOBHU CECHH 3.34(3.98)
Minutes of attention/MunyTH Ha BHUMaHHE 12 (9.10)
FL 340 (2.65) 4 (9.08)
FC 12 (7.05) 201 (2.10)
M otivation/happiness’Motusaruja/Cpeka 3 (7.03
Physiological measuresTIcuxomomKku 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/Enxa aqmunucTparmja
Vineland/Buremnans 102.3 (14.20) 102.3(7.60)
Rars/Papc 61.4 (8.20) 61.7(7.21)
Raven/Pejsan 4.2 (2.80) 4.2(3.1)

Bo omHOoc Ha MepuTe 3a MOTHBalMjaTa/cpekata U
TICUXOJIONIKKTE [apaMeTpH, HHE TOBTOPHO HAjI0BME
3HayaeH edekT. ['pymHHOT (akTop MOKaxyBa 3HAYacH
epexr F (1, 51) = 8.6, p<0.01, d=0.92, ucro Taka
(azunor dakrop mokaxysa 3HadacH edekr, F (1, 51) =
4.6, p<0.01, d=0.91, u ¢asara I'pyna X uHTEpakimjara
nokaxysa 3Ha4aeH edexr F (1, 51) = 7.2, p<0.01, d=0.92.
Osue pesyntatu obe30enyBaar nokas jaeka DGBL uma
edexr Bp3 cpekara kaj cybjexkture co PTT. Ocobeno, Tre
TOKa)KyBaaT TOTrONeMa HACOYCHOCT Ha IIOTNENOT KOH
MOHHTOPOT, (halujasiHaTa EKCIpEecHja, 3BYIH, JBUKEHA
Ha ycTaTa, IBIDKEHAa Ha IJaBaTa M KOHBEHL[MOHATHHUTE
recToBH BO (hasuTe Ha Mpe U Tmocie TecThpame. Kako
IITO € OIMINAHO BO JIEIOT 32 METOUTE, paMKHTe (07 2 110

With reference to motivation/happiness measure and
physiologica 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) =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 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
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6 MHHYTH 0]] CEKOja Mrpa) oJ] Tpe3eHTaNkjaTa Ha BHIE0-
KaMepara Ha CJeauyoT Ha ouM Oea KOJMpaHW OJ CTpaHa
Ha [IBajia HE3aBHCHH HAOJbYIyBaul KOM TIOKaXKaa
noroBop of1 96 %.

Bo ozmHOC Ha (QyHKIMOHATHUTE CKAIM HA €HA aJAMHHHU-
CcTpaiuja, He HajI0oBME 3HayaeH e()eKT Kaj JABeTe TPyINu
BO (hasute Ha mpen W mocie Tectupame. OBHE pe3ynTaTn
Ce COBMAraaT CcO IPETXOAHHUTE PE3yNTaTH BO JIHTEpa-
Typarta Onjiejku amapaTHTe Ha BHCOKA TEXHOJOTHja 00e3-
OenyBaar noJo0pyBame Ha CleUUIHUTE PE3YNTATH O
HIPAambETo, HO MHOTY MANKy MOJ00pyBarme Ha HE3aBH-
cHuTe QyHKIMOHANHY cKanH (7).

Juckycuja

I'maBHaTa e Ha Ipe3eHTHpaHaTa paboTa € Ja ce Npoydn
ylorata Ha JUTHTAIHHTE TP KOM CE YIPaByBaaT Co
TorJIe]] BO MOJ00PYBAmHETO HA CIIOCOOHOCTHTE 32 BHUMA-
HHe ¥ MoTHBanyja kaj cydjexrute co PTT. [TocebHo, Hue
MMaBMe el 112 NPOLEeHNUME Ak MMa MOJU(UKALUI BO
CIIOCOOHOCTHTE 32 BHUMAaHWE W MOTHBAIWja, IOCHE
ynoTpebata Ha IUTHTATHUTE UTPU KOH CE YIPaByBaaT co
nornen 3a 30 MEHYTH, 5 IeHa BO HeJlenara, 3a IepHo 01
4 nenenu.

Bo onmHOC Ha cmocoOHOCTAa 3a BHUMA@HHE, PE3YJITaTUTE
ykaxyBaat jgeka DGBL umaar eext Bp3 MUHYTHTE KOH
cy6jexror co PTT ru momuHyBa riesajku BO UTPUTE U BO
JULETO Ha HCTpaxyBadyoT. Ymre moBeke, FL u FC
TapaMeTpuTe 3a CeKoja Urpa ce 3rojeMyBaaT Bo (aszata
nocye Tectupamero. OBHE pe3ynTaTH AaBaar JoKa3 JeKa
DGBL moxe ma té momo0pw CHOCOOHOCTHTE 3a BHH-
Mmanue kaj qunara co PTT. Cimuno, DGBL 00e36emyBa
NO3UTUBHU PE3yNTaTd BO OJHOC Ha MOTHBAL[MOHHTE
criocobnocti. U nBete adekTuBHU (MHIEKC HA cpeka)
ncuxosonikn (HR u EDA) mepu ce 3romemyBaar Bo
(azara nocine TeCTUPAmBETO.

Jlpyra 1ex Ha 0Ba HCTpaKyBame Oelle Ja ce aHaT3upaaT
pe3yATaTUTE BO OJHOC HA PE3YNTATUTE O] HTPABETO BP3
MEpHUTE Ha BHUMaHHE M MOTUBALHja KOU CE OrpaHUYCHH
Ha OBWE 00JaCTH WM Jalld MCTHTE MOXE Ja ce TeHepa-
JU3MpaaT Kaj HEe3aBUCHUTE (YHKIMOHAIHH BEIITHHH
(kako mmTO ce THe mM3MepeHH o BuHemann; Ckanute
PAP). Kako mTo moxaxaie IpeTxOAHHTE MCTpaKyBamba
(7, 54-55), Hue He ycmeaBMe Ja T MOA0OpHME He3a-
BUCHHTE (YHKIMOHATHM BemTuHH. Kako u na e, oBue
pesyiTaTH yKaxkyBaaT Ha TNonoOpyBame Ha mepgop-
MaHCHUTE Kaj pe3yNTaTuTe IOBP3aHH CO HIPambeTo Ha
UrpH, BHUMAHHETO W MOTHBAlHMjaTa. 3E€MEHH 3aelHO,
pesyaratute HynaT HoApinka 3a uuejata peka DGBL
MOXe e(pEeKTHBHO J]a Ce KOPUCTU Kaj WHAMBHIYHTE CO
PTT. Kako mTo e HaBeZeHO BO BOBEAOT HA OBa UCTpPa-

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 amed to assess if there were
modifications in attentional and motivation abilities,
after the use of eye-gaze digital games for thirty
minutes, 5 days aweek, 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 a
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) measuresincreased in the
post-test phase.

Another aim of the present study was to andyse 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 a so 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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XKyBambe, ynorpebara Ha JUTHTAIHE UTPH KOW CE€ YIpa-
ByBaar co mnoriex kaj aunara co PTT e obmact koja He ¢
IabMHCKU ncTpaxyBaHa. [lopaan oBUe NPUYMHK, TEIIKO
€ JIa ce criopenaT OBUE Pe3yITaTH CO APYTH, aKo Ce 3eMe
npenBu ucto Taka jgeka PTT uma mHory crnenupuyunu
KapakTepUCTHKH. V TOKpaj Toa, MOCTOjaT MPHUBIEYHH
aprymenTn 3a ynotpebara Ha DGBL on crpana nHa
TENECHO CIOCOOHMTE JIMIA U JMLATa CO MOMPEYEHOCT.
AKo ce 3emMar NpeaBHUA OBHE AOKa3H U JOOHEHUTE pe3yi-
TaTH, M3IJIEAa MOXHO MPOMOBHPAEETO HA HMILIEMEH-
TauWjata Ha IUTHTAIHUTE UTPU KOU CE YNpaByBaaT Cco
TOrJIe]] BO KOHTEKCT Ha e/lyKalluja U Y4Yeme OypH U Kaj
TEHETCKUTE CUHAPOMH, kako mTo e PTT. Uanute ucrpa-
KyBama € MOTPeOHO Jla ja M3rpajaT OBaa OCHOBA H [a
yIBpIAT KOM IIPENOpaKd 3aCHOBAHM Ha JIOKa3W 3a TOa
kako DGBL moxe na ce ymorpeOyBa BO Bpcka €O
cnenuduyHATe KapakTepucTukd Ha Jmnara co PTT.
3aroa, 3a 1a ce OcHrypar 1mo0oraTH pe3yinTaTH, HIHHTE
UCTpaXKyBamba MOXKAT Ja IO pPelUIMIMpaaT OBa HCTpa-
KyBame.

Kako 3akmydok, oBa HCTpaxyBame Ipeiara MeTOx 3a
3roJieMyBambe Ha HUBOTO Ha MOTHBAIMja Kaj CyOjeKTUTE
co PTT 3a kimHH4apuTe U cemejcTBaTa BO KOM (OKYCOT
Moxe 1a 6une DGBL okomunara. BakoB meros Moxe na
MIOMOTHE BO pa3BHBame Ha npuctanau DGBL armmkarnuu
KOM ke UM Ounat o1 KopucT Ha nHauBuaynte co PTT.

Ipu3nanue

ABTopuTe UM ce 3a0narogapyBaar Ha CHTE JIEBOjUHIba U
HIBHHTE CEMEjCTBA KOH CE COITIACH]a J]a YIECTBYBAaT BO
0Ba HCTPAKYBAE.

Konduukr Ha nnTepecu

ABTOpUTE yKaXKyBaaT JeKa HE MOCTOM KOH(IIMKT Ha
HHTEPECH M M3BOp Ha huHaHCHpame. CUTe Iponeaypu Ha
OBAa HCTPAXYBAHC KOM BKIYYYBAaT YOBCYKU YUCCHHIH
0ea BO COTTTACHOCT CO CTHYKUTE CTAHIAPAU O WHCTUTY-
LIMOHAJHUTE ¥ HAIMOHAITHUTE KOMUTETH 32 HCTPaXyBatbe
1 co XeNmuHcKara Jekiapanyja o 1964 ronuna u Hej-
3MHHUTE aMaHJMaHW WM eTWYKd craHnapau. Mupopma-
THBHA COTJIACHOCT Oemre JoOHMEeHa Of POAMTENHTE Ha
YUECHUIMTE KoK Oea BKIYYCHH BO OBA HCTPAKYBAIBE.

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 aso 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 digitd 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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