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Pedepar/anoTanis:

1. PemetHsk B.B. MeTtogu Ta 3aco6y OLIiHIOBaHHS AU3alHY iHTepdelicy MOOIIbPHUX JOATKiB HA OCHOBI
BMKOPHMCTaHHSI TEXHOJIOTII BiICIiAKOBYBaHHS nornsany. — Ksanidikanifina HaykoBa Ipalis Ha IIpaBax PyKOIIUCY.
JIucepTauis Ha 3m00yTTs CTyneHs fokTopa ¢inocodii 3a crnenianbhicTio 123 - Komm'loTepHa iHkeHepis. -
YepkacbKuil Jiep>KaBHUI TEXHOJIOTIYHUN yHiBepcuTeT, Yepkacy, 2026. [JucepTalilo IPUCBSYEHO MigBUIIEHHIO

e eKTUBHOCTI OLiHIOBaHHS 3pYYHOCTI MOOibHUX iHTEP(ENCiB MIJIIXOM PO3POOKU METOIIB i IPOrPaMHOTr0 3aC00y
MOOIJIBHOTO aTPEKIHTY HA OCHOBI (PPOHTAJIbHOI KaMepu cMapTQOHa. ICHyI04i MeTOAM 103a0iiTi-TeCTyBaHHS
NIEPEBAXXHO CY0' €KTUBHI I He 3aBXIU BiloOpaXkaloTh peaslbHy MOBEIiHKY KOPUCTYBayiB, @ 3ACTOCYBaHHS A TPEKIHTY
obMeskeHe BapTiCTIO 06J1aiHaHHS, IOTPe6oro ¢ikcallii IPUCTPOIO Ta BifICYTHICTIO 1i1iCHOI METOAUKY OLIiHIOBaHHS. Y
[epHIOMY PO37isli IPOAHANi30BaHO CyYaCHU CTaH TEXHOJIOTIN alTPEKiHTY: TUIIX allapaTHMUX KOMILJIEKCIB,
MOOiIbHNMI i Be6-KaMepHUI1 aliTPEKIHT, TapaMeTpH SIKOCTi BiZICJIiIKOBYBaHHS, METOAM JIOKali3allii o4eil Ta

anroputmu BusgsieHHs ¢ikcaniii (I-VT, I-DT, I-HMM). BcTaHoBJIeHO, 110 XO[IHE 3 HasIBHUX PillleHb He II0€IHY€E



MOOGibHY NIaTGOPMY Ha 6a3i cTaHHAPTHOI GPPOHTANIBHOI KaMepH 3 (OPMai30BaHOK METOIMUKOIO aHAJIi3y,
aJarTOBaHOIO [IO Pi3HUX TUIIIB €KPaHiB. Y IpyromMy po3ziii po3po6sieHo IBa MEeTOAM OLiHIOBaHHS. [lepmunii
Opi€eHTOBaHUI Ha CTAaTUYHi €KpPaHU: CUCTEMY METPUK BidyasbHOI yBary, kiacudikallilo TUIB eKpaHiB i3
[IPiOpUTETHUMU 30HAMU iHTEPeCy Ta WECTUETAHUM NIPOLEC, Y IKOMY TUIl €KpaHy 1 CKJIaf, 30HU iHTepecy
BM3HAYAIOTHCS JI0 300PY IaHUX, & CyO'€EKTUBHE OLiHIOBAHHS IPOBOAUTHCS IiCISI KOSKHOTO 3aBIAHHS. Ipyruil MeTo
OpieHTOBaHUH Ha JUMHAMIi4YHi eKpaHu (IpOKPYy4YyBaHHs, HaBiralis, Bifieo, aHimMallis): BBeIEHO 4YaCOBY 30HY iHTepecy
(T-AQI), npuB’sa3aHy 10 KOOPAUHAT [1I0BHOTO OKyMEHTA 1 TaliM-KO[IiB, i METPMKHU OXOIJIEHHSI Ta 3aJIy4€HOCTi; 10ro
eMIIipUYHY BasiJlallilo BUBHAYEHO SIK HAIPsIM MOAAIbIINX HOCimKkeHb. PopmanizoBaHO IPaBUjIo 3BEIeHHS
ITIOKa3HUKIB yBaru 0 €JAHOTO KOMIIJIEKCHOTO MTOKA3HUKA 3 €KCIIEPTHUMMU Baramu. Y TPETbOMY PO3JiJi ONIMCAHO
IIPOEKTYBaHHsI Ta peasisallilo nporpamHoro 3acoby EyeSense — kpocnnatdopmeHoro goparka Ha Flutter /Dart 3
Bukopucranusm Eyedid SDK. PeanizoBaHo 3ryafpKyBaHHS KOOPAUHAT IOIJIsy, BUsIBIIeHHs ¢ikcauiil metogom I-DT,
N0OYIOBY TEIJIOBUX KapT i MapIIPYTiB MOIJIsY, 'SITUTOYKOBE KaliOpyBaHHS Ta XMapHe 30€pesKeHHs
aHoHiMi3oBaHUX NaHux. O6pPOOKY peasizoBaHO BOpiBHEBUM KOHBeepoMm: EMA-Oydep nuckperusye cursai is
kpokoM 150 mc, a mopudikosanuii I-DT Bupinse ¢ixcanii 3 MiHiManbHOO TpuBaicTio 150 Mc i noporom
poacitoBanHs 30 mikcesis. Y Firebase noTpanssiors nuiie aHOHiMI3oBaHi AaHi (UUID, BiKk, cTaTts), 110 BiAnoBinae
Bumoram riatgopmu Prolific. V yeTBepTomy po3zini mpoBeneHO eKCIiepuMeHT 3a y4acTio 55 oci6 Bikom 20-60
POKiB, pekpyToBaHux yepe3s Prolific, Ha Tpbox ekpaHax: KapTLi ToOBapy, €KpaHi MeIMYHUX Pe3y/bTaTiB i HaBirauinHin
KapTi. [lokasaHo, 10 NIPOCTOPOBa iepapxis €JIEMEHTIB € JOMIHAHTHUM YMHHUKOM PO3IIOJiy YBaru: BEPTUKAJIbHE
po3TallyBaHHS €JIeMEHTA BUSBAJIOCS HAIINHIINMM TPeauKTOpOM ioro ¢ikcaii, HbK QyHKLiOHaIbHA
npiopurteTHicTb. CTATUCTUYHO 3HAYYLIMX BIKOBUX BilMIHHOCTE! B 06'€KTUBHUX METPUKAX He BUSIBJIEHO, IPOTE
CTapllli y4aCHUKU CUCTEMATUYHO HIDKYE OLiHIOBaIN 3py4HicTb (po3pus 0,24-0,58 6anu 3a M'ITUOANIBHOIO IKAJIOH0).
LiIndpoBa KOMIIETEHTHICTb BIJIMBAJa Ha CTPATETil0 CKAaHYBAaHHS: JOCBiYEHIlli KOPUCTYBayi Ciepuly 34MTyBaaIu
KOHTEKCTHY iHpopMaliiio i1 uie noTiMm 3Bepranucs 1o CTA-enemenTa. Ha ekpaHi ToBapy 30Ha 3HIKKU He
oTpumana Qikcauiil y 33% y4yacHUKIB; HAa MEJMYHOMY €KpaHi 10Ka3HUK BiTaMiny D - y 54,5%. ChpopmysiboBaHO
IIpaKTUYHi gu3aiiH-pekoMeHalii. HaykoBa HoBu3HaA. Briepiie po3po6sieHO Mogesnb iHpopmaLiiiHoi B3aeMopii
KOPUCTyBaua 3 MOOIZIbHUM iHTEpP(EiCOM B yMOBaX alTPEKIHTY Y BUIJISA YOTUPU(PAZHOTO LUKITY (CEHCOPHA
peecTpallis, BidyasibHe JeKOJyBaHHs, KOTHITUBHE iHTEpIIpeTyBaHHsI, IOBEJiHKOBA peakliis) 3 TpboMa
iHpopMaLiiiHUMU KaHalaMHU, 110 BCTAHOBJIIOE BifMIOBiAHICTh MiXX KOSKHOIO (pa3010 Ta BUMIpIOBAaHUMU MTOKa3HUKAMU.
Briepiie po3po6s1eHO MeTO/1 OLiHIOBAaHHS IMU3aliHy CTAaTUYHUX MOO1LIbHUX iHTepdeliciB Ha OCHOBI (PPOHTAIBHOI
Kamepu, Habopy METPUK yBaru Ta MeCTUEeTAIIHOI [I0CIIIOBHOCTI, IKMH [ae 00'€KTUBHY OLiHKYy 06e3 cIieliaji3oBaHoro
obsamHaHHs. Briepiie po3po6sieHO MeTOoJ, OLiHIOBaHHS AMHAMIYHUX eKpaHiB Ha ocHOBi T-AOI, nmapanesnpHoi
peecTpalii cTany iHTepdeicy Ta po3MUPEHOro HAbOPy METPUK OXOIUJIEHHS 1 3aJIy4€HOCTI. [IpakThyHe 3HaYeHHs
T0JIITa€ y CTBOPEHHI JOCTYIMHOTO iHCTPYMEHTAPIIO /17151 OLiHIOBaHHS MOOiJIbHUX iHTEP(EIICiB 6€3 clienianizoBaHOro
obnagHaHHA. MeTonu Ta 3aci6 EyeSense MOXyTh BUKOpUCTOBYBaTH UX-IOCTiNHUKY, PO3POOHNUKU MOOIIBHUX
IOJATKIB i BUKJIaAadi AUCUUIUIIH i3 TpOeKTyBaHHs iHTepdericis. Kio4oBi ci0Ba: allTPEKiHT, BifiCIiIKOBYBaHHS
NoTJIsAy, MOGLIBHI iHTepdeiicy, 103a6iniTi, OLiHIOBaHHS AU3aliHy, BidyaJibHa yBara, JIIOJUHO-MaIllHHA B3aEMOJ,
KOMITIOTEPHUHU 3ip, HEHPOHHA Mepeska, IITMO0Ke HaBYaHHSI, aHaJIi3 300pa’keHb, MAlllMHHE HaBYaHHS, 00pOoOKa

CUTHAJIIB, KJIaCTEpU3allisl, MATEMAaTUYHA MOJIEJIb.

2. Reshetniak V.V. Methods and tools for evaluating mobile application interface design based on eye-tracking
technology. - Qualifying scientific work (manuscript). Dissertation submitted for the degree of Doctor of
Philosophy in specialty 123 - Computer Engineering. - Cherkasy State Technological University, Cherkasy, 2026.
The dissertation addresses improving the efficiency of mobile interface usability evaluation by developing methods
and a software tool for mobile eye-tracking using the smartphone’s front-facing camera. Existing usability-testing
methods are largely subjective and do not always reflect real user behavior, while eye-tracking is constrained by
hardware cost, the need to fix the device, and the absence of an integrated evaluation methodology. The first
chapter analyzes the current state of eye-tracking technology: types of hardware systems, mobile and webcam
eye-tracking, tracking-quality parameters, eye-localization methods, and fixation-detection algorithms (I-VT, I-
DT, I-HMM). It is established that no existing solution combines a mobile platform based on a standard front-



facing camera with a formalized analysis methodology adapted to different screen types. The second chapter
presents two evaluation methods. The first targets static screens: a visual-attention metric system, a classification
of screen types with prioritized areas of interest, and a six-stage process in which the screen type and AOI
composition are fixed before data collection, with subjective ratings collected after each task. The second targets
dynamic screens (scrolling, navigation, video, animation): it introduces the Temporal Area of Interest (T-AOI)
anchored to full-document coordinates and timecodes, plus coverage and engagement metrics; its experimental
validation is identified as a direction for further research. A decision rule aggregating attention metrics into a
single composite index with expert weights is formalized. The third chapter describes the design and
implementation of EyeSense - a cross-platform Flutter /Dart application using the Eyedid SDK. Gaze-coordinate
smoothing, I-DT fixation detection, heatmap and scan-path generation, five-point calibration, and cloud storage of
anonymized data are implemented. Processing uses a two-level pipeline: an EMA buffer samples the signal at 150
ms intervals, and a modified I-DT algorithm extracts fixations with a minimum duration of 150 ms and a 30-pixel
dispersion threshold. Firebase stores only anonymized data (UUID, age, gender), complying with Prolific platform
requirements. The fourth chapter reports an experiment with 55 participants aged 20-60, recruited via Prolific, on
three screens: a product card, a medical-results screen, and a navigation map. The spatial hierarchy of elements
proved the dominant factor in attention distribution: vertical position was a more reliable predictor of fixation
than functional priority. No statistically significant age-related differences appeared in objective metrics, yet older
participants systematically gave lower usability ratings (a gap of 0.24-0.58 points on a five-point scale). Digital
competence shaped scanning strategy: more experienced users read contextual information before engaging the
CTA element. On the product card the discount zone received no fixations from 33% of participants; on the
medical screen the vitamin D indicator was missed by 54.5%. Practical design recommendations were formulated.
Scientific novelty. For the first time, a model of user-interface information interaction under eye-tracking
conditions is proposed as a four-phase cycle (sensory registration, visual decoding, cognitive interpretation,
behavioral response) with three information channels, establishing correspondence between each phase and
measurable metrics. For the first time, a method for evaluating static mobile interface design is developed, based
on the front-facing camera, a set of attention metrics, and a six-stage sequence, providing objective assessment
without specialized hardware. For the first time, a method for evaluating dynamic screens is developed, based on
T-AQ], synchronized interface-state recording, and an extended set of coverage and engagement metrics.
Practical significance lies in providing an accessible toolkit for mobile interface evaluation that requires no
specialized hardware. The developed methods and the EyeSense software tool can be applied by UX researchers,
mobile application developers, and educators in interface-design disciplines. Keywords: eye-tracking, gaze
tracking, mobile interfaces, usability, design evaluation, visual attention, human-computer interaction, computer
vision, neural network, deep learning, image analysis, machine learning, signal processing, clustering,
mathematical model.
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