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Abstract

Abstract

Facing the challenge of improving adaptive interaction in educational technologies scientists
and educators have turned their focal point in diverse areas ranging from educational, teaching
and behavioural psychology to cognitive, affective and perceptual neuroscience. The
introduction of digital technologies and interactive media tools in education has shown
improved learning efficiency, much higher memory activation and assimilation than verbal
teaching, notably due to enhancing motivation achieved by employing approaches attracting
student’s attention. Excelling aspects of audio visual presentation proved highly valuable
particularly in classes with multi ethnic groups of students, as for example consistency between
definitions and objects which were verbally and visually defined, eliminating possible
misconceptions caused by mishearing or misinterpretation by the learner.

Taking it all one step further as to how an educational system could be even more efficient, a
new element would be needed revealing a credible judgment of learning scores and
effectiveness of the learning process instantaneously as for example inner levels of activation
and satisfaction. In fact, this could be made possible using existing technologies if
subconscious neurophysiological responses of a learner could be ascertained and inferred to
psycho-somatic conditions as they occur. A system including bio-sensing, data analysis and
processing in real time able to provide quantified markers of psychosomatic states of a learner
would help enormously in next generations of educational practice. Incorporating data of
student engagement and active involvement could help to deduce the interest of a learner,
which is known to improve sensitisation in implicit, incidental and also in classical learning.
Experimental settings used in previous studies attempting to incorporate physiological
responses and interpretations into responsive educational settings have faced major obstacles.
Operational issues caused by the requirements of the devices used for the acquisition of
physiological signals such as electrodes and movement restrictions have reduced the progress
of such settings to laboratory environments. In such settings as described above, the effects of

wiring harnesses and sensory components produced an additional psychological burden on the
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Abstract

participants. Consequently, the need to approach the physiological data acquisition from a new
angle with seamless and unnoticeable operation is apparent. The challenge to design, develop
and validate a system that being minimally obstructive and literally unnoticed by the user
would uncover combined subconscious expressions of a learner was the primary objective of
this research. Physiological data of Heart Rate and Skin Trans-Conductance (Electro-dermal
Response) elected as vitally important and highly appropriate to produce the input of data
required to evaluate a behavioural concept model. The behavioural assessment model entailed
vector classifiers producing directional interpretations of measurements. Directional
information (Gradient response) has been derived by comparison of measurements to
previously measured values in real time. Assessing the effectiveness and accuracy of the
adopted model to deduce attention and engagement of a learner in real time formed the second
major objective. For this purpose, a series of relevant experimental methodologies have been
employed. Data produced using formal personality assessments have also been investigated in
conjunction with those derived from physiological responses in order to identify personality
related particularities. The final part of this work has been supplemented by propositions and
suggestions with regards to various applications of the system in accomplishment of the initial

aims.
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AAT: Auditory Attention Test

ABL.: Activity Based Learning

ANN: Artificial Neural Networks

AMi: Ambient Intelligence

CBA: Computer Based Assessment
CBL: Computer Based Learning

DFA: Discriminant Function Analysis
ECG: Electro Cardio Graph

EEG: Electro Encephalo Graph

EDA: Electro Dermal Activity

EDR: Electro Dermal Response

ERP: Event related potential

fMRI: functional Magnetic Resonance Imaging
FF: Free Form

HR: Heart Rate

HRV: Heart Rate Variability

IAR: Infrared Absorption Reflectometry
IHCI: Interactive Human Computer Interface
NIR: Near-Infra-Red

PR: Phasic Response

PSD: Power Spectral Distribution

RAT: Receptive Attention Test

SC: Skin Conductance

SR: Skin Resistance

STC: Skin Trans-Conductance

SVM: Support Vector Machines

TL: Tonic Level

VAT: Visual Attention Test
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Summary in Greek

Yyeoiaon ko AvantoEn Lvotipatog Bro-AweOntnprokng Aviyvevong
Nontug [IpoondOsroc kot Eprioxkiig Madntav oc llpaypotikéo Xpovo

Iepiinyn
O evtomopdg tov emakpPodc EMITEOOV TPOGNAMONG KOl EUTAOKNG TMOV HOONTOV UE TO
nepleyOpeEVo 0dackariog oty TaEn eivor £vog amd tovg Mo PEYUAETNPOAOVS GTOYOVS TV

EPEVVITAOV TNG EKTOUSEVTIKNG KOl ETOTNHOVIKNG Kowotrac. (Lang, 1995, Grossberg, 1987).

ZxeTKEG  OIEMGTNUOVIKEG  EPEVVNTIKEG TPOOTADElES TPooaHENCNG  EVOLLPEPOVTOS KO
EVIOTIGUOD TNG OMOTEAEGUATIKOTNTOG TMV OWOKTIKOV TPOKTIK®V Pacilovion ce peAéTeg
BedtioTomoinomng and Tovg YOPOVG TS WYLYOAOYINS, TNG TALdAYWOYIKNG, TNG TALOOYVYOAOYING
Kot TG yuyoevowroyias. IIpécpatec mpooeyyicels, ewohyovv véeg tEXVOAOYiEG
YPNOULOTOIDVTAG S1OYVMOOTIKEG GUOKEVES OUVEIGUEVES A0 TOV YDPO TNG LOTPIKNG LLE GKOTO VoL
EKUETAAAEVTOVV TIG OLVATOTNTEG LETPNCE®V PloAoyik®mv onudtov. Biodoyikég petpnoeig dnwg
oUTEG TOV PLOUOV ovoTvong, Kopdldg Kol OmOKPIGELS TOV TOPOGUUTAONTIKOD VEVPIKOV
GLGTNLATOG OTOTEAOVV EMPEPALOUEVEG EKPPAGELS YVYOPLGLOAOYIKMY KATAGTAGE®MY 01 OTO1ES
EKONAMVOLV KaTaoTAoELS d1Eyepong Kot duabeong, (Venables, Christie et al., 1980; Damasio
1994/2006).

Ot 10TpKéG CLOKEVEG AMOLTOVV €PYOSTNPLOKO TEPPAALOV AGY® TOV OvayK®V YpNong
NAEKTPOSIOV, KIVITIKOV TEPLOPIGUDY, GLYYPOVIGULOD KOl OLOOHOPOIOG TV GTOLYEIV OV
TPOKLATOVV Kol YU avtd TOV AJY0 OgV UTOPECOV TOTE VO OITOOMGOVY U0 TPOGITH) AVoM
EQUPUOCIUN €VPVUTEPO O EKTOUOEVTIKO TEPPAAAOV. XNV TapovGO HEAETY, OVOADOVTOL Ot
eMOO0ELS UIOG EOIKA KOTOOKEVOOUEVNG NAEKTPOVIKNG GUGKEVNG, OYEOWCUEVNG DOTE Vo
e€etaotoiv o1 duvatodTNTES Vo e£0XB0VV OEIKTEC YVYOCHUATIKOV EKPPAGEMY TOL XPNOTN, UE
NV dVVATOTNTO VO XPNCLULOTOLEITOL EVYPNOTA GTNV TAEN YWPic NAEKTPOOIL Kol ETNPEACUOVE
and TPocapPTNGEIS. To OAOKANPOUEVO CUGTNHO LETPTONG KOl OTOTOTMONG CLUUTEPACUATMV

etvar Paciopévo oe PHOVTEAOTTOINGT CUUTEPLPOPADOV OAANYNG TOV KOPIOKOD TOAUOD KOl TNG
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Summary in Greek

EWIKNG SIMAEKTPIKNG aYOYUOTNTOG TOV OEPUATOS O TPAyHaTIKO Ypovo. H ocvokevn
YPNOWOTOlEl ONMTIKOVG Kol ONAEKTPIKOVS ouoOnTipeg emaeng Kot £xel peiemnBel oe
avturopafolin pe dStoufoabpicuéva TePIPAALOVTO TPOKANTOV KOTAGTAGEMY VONTIKNG POPTIONC.
YEPEC TEPOUOTIKOV OlaOKACIOV EPUPUOCGHEVES € OlaPabuiopévo oevapla TpoKANo™Mg
YOYOCOUATIKOV JEYEPCEDV £XOVV OAOKANPWOEL Yo emkOpwon, HEAETN eMOOCEDV Kol
Aertovpyios TOLV GLGTAUOTOC OKOUN KOl G€ cOykplon pe eumopikd mpoidv. Ilepapoticd
AmOTEAEGUATO OElYVOUV OEOAOYOVS GUGYETIGHOVS TOV HOVIEAOL KOl TOV EMOOGEMV TOV

GULGTNLLOTOG LE TIG AVOUEVOUEVES OMOKPIGELS L EVOUpPLVTIKE TOGOGTA aKpiPetag.

Ewayom

[TolvdapBueg peréteg avdivong tov avOpoOTVEOV GUVOLIGHMUATIKOV Kol GLYKIVIGLOK®OV
Aertovpylov and Tig emotues TG wouxoloyiag (Eysenck, 1982/2006; Frijda 1986; Strongman,
2003; Scherer, 2005), kAvikng @uooAoyiag (Venables, Christie et al., 1980; Damasio
1994/2006) ko mepiBairovta demapng avOpdnov-vroroyiot (Picard et al., 1997; Norman
2004; Brave & Nass 2008), £éyovv amodeiEetl 0Tt 01 PUGLOAOYIKEG EKPPAGELS TOV EYKEPAAOV OL
omoieg TpokaAloHvTal amd CLVUICONUATIKEG SIEYEPCELS EIVAL CLUYKEKPLULEVOTIONUEVEG, AUECEG,
OWYVOOIUEG KOl  HETPNOIUEG WME OLOKEVEG  OMEKOVIONG  AETOVPYIKNG  HOYVNTIKNG
ovvtovicpévng omnynons (FMRI), niextpo-eykeparoypapwv, (EEG), Topoypdemv ekmounng
nolitpoviov (PET) k.o Zvokevég HéTpnong SepIIKNG ay®YILOTNTAG, KOPOKNG GUYVOTNTOG
Kot puOuov avamvong emiong oyetiCoviol GUECH HE TIG GLYKIWWNGOLOKEG EKQPACELS TOL
eykepdiov (Todtoov, 2006), pe eEicov vynAn akpifeia OGOV aPopd YPOVIGUO Kot £VTAoT,
OTMG LTI TTOL TPOKVITEL OO NAEKTPO-EYKEPAAOYPAPOVS KOl AALES EPYACTNPLOKES CLOKEVES

VYNNG axpifetog.

O ocvvovacudg dVOo Witepa AUECOV MG TPOG TNV EKPPACT) fLOCIUATOV HEAETATAL GE OVTO TO
KEIPLEVO MG TTPOC TNV YPOVIKT GTLYUN EKONAMGCTNC TOLG KOl MG TPOG TO GYETIKO TOVG HEYeBog o€
oLYKPLON UE TNV APESMG TTporyovuevn katdotootn. Ta peyédn ta onoio eEdyovian amd Tig
OCLYKPIGELS LLE TIC TPOTYOVUEVEG TYEG TNG EWIKNG SMNAEKTPIKNG AYOYILOTNTOG TOL SEPLOTOG

Kol Tov pLOUOD TOV KAPOOK®OV TOAUMY EKONAMVOLY OWENTIKN N LELOVUEVT] TAGT T®V VO
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Summary in Greek

AVTAOV TOGOTNTOV Ol 0moieg e&eTalovtal oe GAOVG TOVE THAVOVG GLVIVAGLOVG TOVG OTTOIOVE
ovvhéTouv.

H perétn avt €xetl Paciotel Tpotapyikd otnv oyxedioon Kot avanTuEn VoS GUGTIATOS UE
KOVOTOWIEG OGOV aPOPA GTNV ELYPNOTIO Kol UNOEVIKT TAPEVOYANOT TOV YPNOTOV KOTA TNV
Mym v Broonudtov mov omattovvial. Me avtd tov Tpomo, £xel emttevydel 1 apepOANTTIN
HETPNOT TV OLO TPOAVUPEPHEVTMY VITOGVVEIINTWV VELPOPLGIOAOYIKAOV UEYEODY KOOMG Ot
xpNoteg Tov H/Y 1 kiviTdv GuoKEL®OV 0AANAOETIOPOVV YWOPIg ETNPEAGUO OO TNV EMLYVOON
™G owdkaciog tov peTpioemv On®G ocvpuPaivel o€ mopduoleg HEAETEG Ol OmOleg
YPNOLUOTO0VV EPYUSTNPLOKEG GLOKEVES. O LETPNOELS ameEKoVILoVTaLl GE TPOYUOTIKO XPOVO
KOTO TV SLOPKELN TNG AELTOVPYIOG TOL GLGTNHLOTOC GE HOVIEAOTOIEVN HopPn 6V0 a&Ovmv
oV avamoplotodv d1dbeon kot di€yepon. Ot TéS tov dvo a&dvev avamapictaviol cov
TPOPOAN GE YDPO KOTOVOUDV TECCAPMV EMITEI®V VONTIKNG EUTAOKNG (mepthapfdvovtog
YVOGTIKY], GLYKIVNGLOKN Kol cuvousOnpatikny 01€yepon) mpocsopotalovtag ympoTaSikd To
pwovtélo tov Russell circumplex model of affect, (Russell 2003), xoBd¢ wor exeivo

YPNOLLOTOLEL TAPOUOLO TPOTO KOATOVOLMDV.

21001 TNG pEAETNG

AmdTEPOC GTOHNOC VTG NG EPELVNTIKNG TpooTdbelag eivan n PertioTonmoinon Ko e€EMEN
EKTOLOEVTIKAOV GUGTNUATOV LLE TPOGOPUOYN TOV HoBNGLOKOL TEPPAAAOVTOG OVAAOYD LE TNV
YOYOPLGOAOYIKT Katdotaot Tov patntav. [potedwv 6tdyog g perétng eivar n eilcaymyn
KOLWVOTOU®V VE®V TEYVOLOYI®OV KOl EMKOW®VING otn pddnon pe okomd TV UEAAOVTIKN
avATTUEN EVEMKTOV EKTOOEVTIKOV CUOTNUATOV HE OLVOTOTNTEG aLTO-OlapOpPwons. Ot
teyvoloyieg ot omoieg €xovv eeappootel Pacilovior o  UETPGES VTOCLVEIONTOV
BloaicOnmplokdv TOGOTNTOV Kol OTNV UEAETN OOS00NG OEIKTOV YLYOPLGLOAOYIKAOV

eKQpacemv eumAoknc tov podnti/ypriom H/Y og yvootikd 1 pabnoioxod tepexduevo.

H oamddoom pog €ykvpng ameikovion g eUmAoknG €vOg ¥pNoTn O€ TPOYUATIKO YpOvo
ONpovpyel TPOTOTOPLOKES SOLVATOHTNTEG CTNV SAUOPPOGT) TPOGAPUOLOUEVOV EKTOIOEVTIKAOV
TePPOALOVTOV pE 0TOY0 TNV PEATIOTOMOINOT LaONGLOKOV ETOOCEDV AVAAOYO LE TO EMIMEDO

EVOLOPEPOVTOC TOV YPNOTN €lte 6€ TEPIPAALOV TAENG gite €€’ amootdoemc. ['a Tov oKomd avtd
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Summary in Greek

OAOKANPOONKE M amd undevikn Pdorn oxediaon avamnTuén Kot AEITOVPYIKN EMKOPOOT EVOG
GLGTNHWOTOG TO OTOT0 Umopel Vo PETPNGEL Kot vo. emeepyaotel Plo-avadpaoTikég eKQPAcELS
KOPOLOKOV TOUALOD Kot E101KNG SOMNAEKTPIKNG Oy OYLOTNTAG TOL OEPLATOG LE GTOYO VO LLITOPOVV
va pehetnBodv avtidpdoelg Tov padntov oe vontika epedicparta dto (oong. H vAomoinomn tov
CLUGTNUOTOG EMETPEYE TNV SUVATOTNTO UEAETNG  VTOCLVEIONTOV  EKPPACEDV  TOV
CUUUETEYOVTIMV OE TEPAUATIKEG O10OIKACIEG GE OYEON LE EMKLVPOUEVAE GEVAPLO BOCICUEVA GE
ewoveg kot Pivteo dPabUicUEVOY YVOOTIKOV, CLUVOICONUOTIKOV Kol GLYKIVIGLOK®OV
popticemv. H avepmddiom Aertovpyio TOL GLGTHUATOG £YEL KATAGTEL dSLVATT Y10 TPDOTY POPEL
oe mepPdrdov extdg epyaotnpiov. To ocvomnua mopéyel v SVVATOTNTO OUOLOYEVODS
OLAAOYNG KOl €MEEEPYOOIOG OTOLEI®V EMTPEMOVTAG TV TPAYUATOTOINGTN TOV EMUEPOVS

oT1OY®V o1 ooiotl TeptAapPévouv:

e Vv duvatdTNTA AvATTVENG €VOC GLOTNUOTOG TO omoio Ba €xel v dvvatdtNTa
apepOANTING Asrtovpyiog otV TAEN VIEPVIKOVTAG TPOPANUATO TPOCAPTHGEWDV,
apywov Pabuovouncemv, cuveyohsg 1 OIKEKOUIEVNG AErTovpYyiag Kot to omoio Ha
amodidel OEIKTEG VONTIKNG EUTAOKNG Y10 XPNON GE OLTOUOTO TPOGAPUOLOUEVO Kol
SLOPPOVUEVH TTEPIPAAAOVTA LAOMONG

e TNV dEPEHVNOT TOV YOPUKTNPIOTIKOV TOV SLOVOCUATIK®V Kotevbivoemv (Gradients)
ol omoieg cuUmEPAIVOVTOL OO TIS LETPNOELS TMOV VEVPO-PUGIOAOYIKAOV HEYEODV o€
oxé0MN He TPOKANTA SUVAIKA JPUOLUGUEVOV VONTIKOV AEITOVPYLDV,

® TNV HEAETN €YKLPOTNTOG TOL aAyopiBuov o onoiog Paciletal oe aviyvevon emmnédmv
VONTIKNAG EUTAOKNG HEG® GLVOLUCUMOV OLVUCUOTIKOV HETPNOEDV (QUGLOAOYIKOV
TOGOTNTOV ATOIOOUEVOL 1G OEIKTEG O1A0€0MG Ko O1€yepongc,

e TNV Onuovpyio OEIKTOV Ol O0moiol UTOPOVV v, Topdyovv £yKvpeg €VOEIEEIC
YUYOCSOUOTIKOV KOATACTAGEMY Y10 0VTO-OLOLOPPOVEVA TEPIPAILOVTO LABN oG,

e TNV onuovpyia. EvOG KOVOTOLOL GLGTHUOTOS TO Omoio Ba maPEyEl VTOCLVEIONTEG
TANPOPOPIES Y10 TO EVOLOPEPOV KO TNV EUTAOKT] TOV HOONTOV Yo yprion oty Taén,
o€ ekmaidgvon €€’ AmoGTACEMS KOl ETIONG GOV EpYOAEio £pEVVAG Y10 TEPALTEP® HEAETN

EPEVVNTIKOV LOVTEL®V KOl EPOPUOYDV GTNV EKTOIOEVOT Kot Oyl LOVOV.
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Summary in Greek

Iotopiké vrofadpo

A T1g apyég Tov Tponyovprevov aumva, (Jung, 1924), 6tav £ytvav YvOGOTEG Ol NAEKTPIKES
WB10TNTEG TOL AVOPAOTIVOL CAONOTOS KOl KATESTN SLVOTN 1 LETPNOT TNG NAEKTPIKNG OEPUIKNG
dpacTNPOTNTAS d0ONKE TO EVOLCUO UEAETOV (UGLOAOYIKMOV EKQPACE®V OM®G OVTEG
ekONAdVOVTAL 0O TO GOUATIKO VEVPIKO GUGTNUA. AVIWOPACELS TOV GLUTAONTIKOV VELPIKOV
GLOTNHOTOG KOl EMOVOPOPE OLOLOGTATIKAOV 1GOPPOTIDV OO TO TAPUGVUTAONTIKO GUOTNHA
HEAETNONKOV EKTEVAOC GE GYE0T LE OMOKPIOELS 6€ TPOoKANTA duvapkd (Tortora & Grabowski,
2006). Zvvdvacpol VEVPO-PLGLOAOYIKMOV TOGOTNTMV OTMG OVTOL TOV KOPIOKAOV TOAAUDV KO
OEPUIKNG ay@YOTNTOG SlEPELVIONKOY KATAANYOVTOS GE CNUAVTIKEG €VOEIEEIS €101KA GE
KOTAGTACEL (OTIKOV GLVOLGONUATIKOV KATAGTAGE®DY OTT®G Bupod, opov, yapdc KAT., (BAERE
Table 1 Xel. 6 oto AyyAiko keipevo). Ot ovufoiiopoi (+) ko (-) otov mivako deiyvovv v
KotevBvvon (avodikn 1 kabodikn) Twv tocothtov, (Gradients), ce oyéon pe TV TPoNyoLLEVH

T0VG pétpnon, oe ddtaén Kapdiakdg pubuog / Edwn dSmiektpikn aymypndnro.

O alyop1Bpog o omoiog £xel VAOTOMOEL 6TO AOYIGHIKO TNG ATEIKOVIONG TOV GCLVUGOMUATIKOV
deyépoewv Pacileror oty 101 Topadoyn, oNAadN GTNV JOVUGULATIKY £K@OPACT 1) Omoid
TPOKVMTEL amd TIG UETPNOEIS LE OAVTIOTOYNOT TOL KopdlakoL puOpov oty oploviia
Swpddon (Betikn M apvntikn 01dheom), Ko TNG €0KNG OMAEKTPIKNG OYOYIHOTNTOS TOV
dépuatog oty KaBetn dafdduion (dpactnpronoinon N younAn evepyonoinon). H amdooon
TOV TPOPUALOUEV®V TOCOTNTMV G TECCEPO TETAPTNLOPLA TO, 0ol oynpatiloviot amd Tovg
V0 ¢ GV AEOVES OVOTAPIGTOVY GLVOVAUGTIKA OTEIKOVIOT| EMTESWOV EUTAOKNG TOV ¥PNOTN UE

TO TEPLEYOUEVO MG OKOAOVOMC:

® OT0 TPMOTO TETOPTNUOPLO (EMAVE OeELA) VLTOONADVOLY TNV KOTAGTOCT “DVYNANG
npoconiwong’, 6Tov epeaviCetal Oetikn dabeon kot OeTikn di€yepon
®  0T0 0€0TEPO TETAPTNUOPLO (KAT® 0eE1) amOTLTMVOLY TV KatdoToon “ikavoroinong”

omov eppaviCetan Oetikn d1abeon aAAd apvnTiky O1€yepon
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Summary in Greek

e 010 Tpito TETOPTNUOPLO (KAT® 0OploTEPE) TNV KOTAOTOOY “‘OuokoAiag” Omov
enpaviCeton apvntikn Stdbeom kot apvnTikn d1€yepon
® OT0 TETOPTO TETAPTNUOPLO (EMAVD 0aPloTEPA) TNV KATACTAOY “adtopopiag” Omov

enpaviCeton apvntikn dtdbeomn addd Oetikn diyepon.

Ieprypagn Tov cvoTipATOS

[Ma Tov 6Komd TG PEAETNG VTG GE PLGIKO YOPO OTMG AVTOV TNG TAENG GTOV 0TToi0 1 YPNOoN
NAEKTPOSIMV Kol TPOCAPTNGE®V EIVAL ATOYOPEVTIKY, GYEIOGA £VO NAEKTPOVIKO KOKAMUA TO
omoio LETPA TOV KOPOLAKO TOAUO [LE aGONTNPES OVAKAAONG OEGUNG GTNV TEPLOYN CLYVOTNTOG
kovivav vrépudpwv (Near-Infra-Red-Sensors) kot éva kOkAopa to 0moio pHeTpd v €181KN
AyOYUOTNTO TOL SEPUATOG LLE TNV TEYVIKT] TNG PLO-0VOOPAGTIKNG SINAEKTPIKNG Oy YILOTNTOG
(Trans-Conductance Biofeedback). Ta kvkAduata pétpnong kopdiakod pvduod Exovv
vAomomnBel €1g SumhovV OGTE Vo amoPeLyBoLV eldwAN Kot avakpifeleg Adym g evaicOnciog
TOV GNUOTOS TO OTO10 HETPAEL TIG AALAYEG OTNV ATOYPMCT TOL dEPLATOG GE KAOE KapdaKO
oo, H SmAeKTpiKn ay@y oo Tov OEPUOTOS OVOTOPIOTA MG TOGATNTO TV EKQPOCT] TOV
YUYOPLUGIOAOYIKOV GTPEG OGS AVTO EKONAMVETOL A0 TNV ATOKPLOT) TV VEVPOVIK®V OIKTOMOV
TOV €YKEPAAOV ¢ cLVETELN eE®Yevmdv cvufPdvtav. Katd v didpketa tng dpactnplonoinong
N Kol Evepyonoinong avtidpdcemyv Tov eyKe@AAov o (Tikd epebiopata LG OPLOVIKMV,
VELPIK®OV 1 GAA®V UNYAVICU®V, £XoVV domotwlel petafoAég OTIC SIOUETPOVS TOV VOATIKAOV
TOP®V TOV OEPUATOC. AVTO €YEL GOV OMOTEAEGHOL TNV TOGOTIKY| aAAay TG €PIOp®ONG TOV
Oépuatog oe oyéon e€vbémg avaAoyn HE TIC AVTIOPAGELS GE VONTIKA Kol GUVOICOMUOTIKA
yeyovota. H adhayn tov yopokInploTIKOV TEPLEKTIKOTNTOS NAEKTPOAVTMOV GTO dépua ivar
AVIVEDCIUN KOl UETPNOIUN HEC® NG TOCOTNTOG TNG OMAEKTIPIKNG AYOYUOTNTOS TOV
oéppartoc. To ovoTua TepthapPavel aioONTPES 01 0TOI0L HTOPOVV VO TPOGOPUOGTOVV GTO
novtikt evog H/'Y 1 o€ omoladnmote 01K KivTig GLGKELNG LE OV aai{iTn o amd TNV TAELPE
TOV XPNOTN Vo Slatnpel TV EMAPN TOV SOKTLA®V TOV HE TOLG dVo owoOntpes. Ta dvo
NAEKTPOVIKE KUKADUOTAL, £VO AVTO TOV OTOOIOEL TV KVUATOUOPPT] TOV KOPO1okoD TOALOD Kot
éva 10 PEYENOC NG OMAEKTPIKNG OY®OYILOTNTOG EVOOUATOUEVO GTO TOVTIKL, £XOVV GOV ££000

d00 TPO-OIOUOPPOUEVO OLVOAOYIKA CTILATO TO OTTota Emkotvavovy e tov H/Y péow g 60pag
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Summary in Greek

USB, aviyvevouevo ®g 00 TEPLPEPELNKESG CLOKEVEG, £€val TOVTIKL Kot pio KAPTO 1)OV.
Aoyiopikod to omolo exteAeitar otov H/Y avaiapfaver v mepartépo eneEepyacio tov 600
ONUATOV aViVEDOVTOS GLYVOTNTO KOPIIOKOV TOAUMY OO TO TPMTO KOl GLYVOTNTU ATOO00NG
EMMESOL  OMAEKTPIKNG  OYOYWOTNTOC TOV OEPUOTOC Omd TO OEVTEPO  KAVAAL NG
EVOOUATOUEVNG KAPTOG Y0oV. To Aoyopikd pe cuvey| Kot adtdAewmtn Asttovpyio avayvmong
TOV ONUATOV ekTeAel €vav  oAyoplOpo EUUEONG OAMEIKOVIONG TMOV  YLYOCSMOUATIKOV
KOTOGTACEWDV e avaivon o€ 000 daPabicpévoug aEoveg, Tov a&ova g dtibeong (oplovria
dwfadpion) kot tov dEova déyepong (kabetn dwaPfaduon). H enelepyasio tov petpnoemv
TOV KOPOKOO TOAUOD OTOTLMVOVTIOL 6TovV A&ova NG otdbeong Kot TG SINAEKTPIKNG
ayoyuoémrag otov aova g d€yepong aviiotoyo. H €101kd KOTOOKELOOSUEVT] GUOKELT
TaPEXEL OOMICTOUEVES ATOKPIGES TOV PLGLOAOYIKMV TOGOTHTOV TOV TPOAVAPEPONKAV, e

LLEYIOTO TAEOVEKTILOTAL:

® TNV OUEPOANTITN LETPNOT TV dVO TOGOTHTMV YWOPIG 0 XPNOTNG Vo ennpedleTor amd
mv avtiinyn 7mo¢ yivovtar petpnoelg O0nw¢ 0o MTav otV MEPITT®OT 7OV
YPNOLUOTOL0VVTOL NAEKTPOOIN KO TPOGOPTNGELS,

e NV Agttovpyio yopig v avéykn yio apykn tepiodo Pabpovounong and v mhevpd
TOV YPNOTN KOl AVOYN € OLOKOTTOUEVT] Agttovpyia Ywpig TNV avdykn apytkonoinomng,

e NV adldAemn Acttovpyio amrd SUTAG KUKADUOTO avAYVOGNS TOV KAPOIKOD TOALOD
Kot aflomotn Agttovpyion HETPNONG TNG OMAEKTPIKNG OY@YWOTNTOS Yo, UEYAAQ
XPOVIKA dlocThLOTA,

e TNV opotopopeia dtaPdopiong Kot Tov amdAVTO GUYXPOVICUO TOV GTOLXEI®V.

Hewpdpata

Téooepa 6TAO10 TEPAUATIKOV OASTKAGIOV OPYOvVOONKAY Y10 TNV ETKVPMOGCT TNG AETOVPYING
KOl TNV HEAETN TOV TEPOROTIKOV emddcewv. Katd cepd ektéleong mepddpfovoy tnv
EPYOOTNPLOKY EMKVPMOOT TNG OWOTNG AELTOLPYIOG TOL GULGTHWOTOS, TNV TEPOLATIKY|
depedivnon NG AEITOLPYIKOTNTOS KOl EVYPNOTIOG TOL GUGTNHIATOC, TNV TEPOUATIKY UEAETT

TOV EMOOCEMV TOV CGLGTNUOTOC WHE ypnon emionua Padbpovounuéveov cevopiov kot v
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TEWPAPATIKT O1adIKaGI0 ovVTITOPaPOAG TOV GUGTNUATOG HE EUTOPIKA SLOBECIHO TPOidV

OEPEVVICEMV TTAPOUOLDY CUUTEPAGUATOV.

To mpdTO 0TAd10 TEpAauPave €Aeyyo AEITOLPYIKOTNTOG KOl OKpiPelag TV HETPNOE®V
Baciopévo og epyastnplakois EAEYXOVG TV NAEKTPOVIKOV KukAoudtov. Emiong po opdda
ebedovtav 8 atopmv éhafe pEPog oe pia GEPA E0IKE GYESIOCUEVOV GEVOPI®OV Yo TNV
emPefainon tov peTpNoe®mV, TV PEATIGTONOIMNGT TOV YPOVIKOV OAGTNUATOV KOTd TNV
JupKeLn OTOKTNGONG TOV GTOWXEIMV KOl AAA®V E0OTEPIKAOV BOOLOVOUNGEDY TOV GUGTNHLOTOC.
O1 pELETEC AEITOVPYIKNG EMKOPOONC ATEIMGOV IKOVOTOTIKA ATOTEAECUATO OGOV APOPA TNV
axpifelo KoL TV ¥PNOTIKOTNTO TOL GLGTHWATOS, VA Pondncav oy PeiticTomoinocrn TV
YPOVIKOV JacTnudteov pétpnong kout v emPefaioon g omotig Asttovpyiog ToV

YPOPNUATOV KOl KOTOYPAPTS TOV GTOLXEIOV GE TPOYLATIKO XPOVO.

To 0ebtepo otAd0 mepdpPave 600 mepapatikés owdikacies. H mpodtn mepapatikn
drdkacio TepAaPove TEPAUATO LE GEVAPLO EVOGYOANCNG TOV GUUUETEXOVI®OV GE EPYACIES
HE VYNAEG YVOOTIKEG OMOUTNGES LoONUatikod Aoyopol. Xtdyoc Ntav va Katapetpnovv
LETPNOELS PUGIOAOYIKADV OMOKPIGEMY KOTA OCTALOTO VONTIKNG TPOooTdlelag oe T€ooEpQ
dtaxpitd otddia, i) vonTikng tpoomabelag, Kot tnyv ddpkeia enelepyoaciog Kot EDPECNC TV
EVEPYELDV O 0TOiES amOLTOVVTO amd TO TEPPBAALOV, i) 1KavOTOinoNg KOTd TNV SLAPKELD TG
EMTLYOVG OAOKANPOONG EVOG EMIESOV, iii) aunyoviog KoTd Ty depelvon Yo TV EVPECN
TOL €MOUEVOL Pruatog kot V) amoyofjtevong oty mepimtwon omotvyiac. H dedtepn
TEWPOULOTIKN Oladtkacio TepAapupove v mopakoiovdnon wpoformv Pivieo Ta omoia glyav
emeyel amd ovykekpuéves PipAobnkeg dote va TPoKOAOLV EVIOVEG GLVOLCONUATIKES
KOTOGTACELG Ol OTOIEG avTIoTOLYoVV Gg gpebiopato katoveunuévo amd LovTEAN OmEKOVIONS
ocvvalcOnpoTikdV Katactdoemv 6nmg avtd Tov Russell circumplex model of affect. H emiloyn
avtn kpibnke wOoTAAANAN kol ypnowomomdnke g povtélo avtiotoiynomng Kabdg To
npoavaeepBév povtédo Paciletor eniong oty amoTOHTMOOT TG S1dbe0NG Kot TG S1EYEPONG GE
V0 AEOVEG TOVTOCTLLA LE TO €V AOY® GUGTNLA. ZTOYO0G TOV TEPAUATOV NTav 1 emPePainon
™G Aertovpyiag Tov akyopiBuov Bacicpévov otnv vobeon OTL 01 TACELS TOV EKONADVOVTOL

amd KOwEG KaTevBOVOEIS TV LETPNOE®V EKPPALOVV KATAOTACELS O1€yepomng (TT.y. avodkn
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Topeia KapdoKoy AU Kot TOVTOYPOVE 0VOSIKT] TOPELD PUGTIOAOYIKOD GTPEG LITOONADVOLV
VYNAG ETiTEd O GLYKEVTPMOTG Kol EUTAOKNG TOL GVUUETEXOVTOG). Ta melpdpata meptddpfovoy
15 ovppetéyovreg, (6 avopeg, 9 yuvaikeg), e MOH: 27 étn xon dwdpxeta 20 Aemtd. H extipnon
TV anotekeoudtov Eywve ue ypion g pebodoroyiog GOMS (Goals, Operators, Methods,
Selection Rules) yw v PBobuovounon ovpfaviov/ornokpicemv. Ot evdeiCelg amd To
OTOTEAECUOTO TOV TEPAUATOV £0e1Eav LYNAO Pabud emttuy®V HETPNOE®V e HEGO OPO
91,35% petpnoewv ympic ceAipa avayvmons. AvaAuTikdTepa T ATOTEAECHLATO £3MGAV KOTA
pécso 6po 71% oty xatavoun “Evepyng Eumioxng”, 9% oty katavour| “Ikavomoinong”, 13%
otV Kotavoun Avtikopupavopevng AvekoAiag” kot 7% oty katdotoon “Adtapopiog” Kotd
TNV GLUVOMKN S1ApKEW TOV TEPAUATOV. Ot SopopEc PETOED YUVOIKAOV KOl OvVOpDV OEV
Bpénke va elvar GTOTIOTIKE ONUOVTIKY ONMOG €MIGNG Ol OPOPES UETAED TELPOUATOV
YVOOTIKNG eOpTiong kot Bivieo. To anotéhespa avtd €0e1&e mwg 0 alyOPOLOC KOTOVOUNG

EMMESOV EUTAOKNG GTO TTEPLEXOUEVO EXEL PaBud axpifelag tKavo mTpog TepuTEP® depehvnon).

To 1pito otddo mepapatikng dakpifoong axpifelag Tov cvotuatog mephdupave mod
wyvpa kabopiopéva mpokAntd epebicpata. To cevipilo 6to onoio eivan faciopévo to meipapo
Swkpifoong ™G OMOTEAEGUATIKOTNTOS TOL GCLGTNUOTOS YPNOUWOTOLEL OUAOES EKOVOV
Swpadcpévng covaucOnuaTikng O1€yepong e TOCOTIKG YOPOKINPIOTIKA O1dfeong Ko
d€yepong Omwg €xovv amoTuVnMBEl amd HETPNOELS O 0moieg mePAaUPAvoVV oxeddV OAEG TIG
SUVATEG PLVOIOAOYIKEG TOGOTNTEG TOV avOpmdTIvov cmdpatog. Ot dafaduicelg Exovv yiver pe
gpyaotnplakég petpnoetg functional Magnetic Resonance Imaging (fMRI), Electro Encephalo
Gram (EEG), Electro Myo Gram (EMG), SC (Skin Conductance), akovoTtikég amokpicelg Kot
o TAn0dpa akoun vevpo-euololoyike®v mocothtev (Bradley & Lang, 2007), and to
[Mavemoto g Propwvta, yvootd og International Affective Picture System (IAPS). H
OEPA TEPALATOV GUVOSELATAY OO LETPNGELS KATA TNV d1dpKeLla mopakolovdnong Pivteo ta
omoio. emiong elyav oOKOMO VO TPOKOAECOLV £€VIOVEG GCLUVOICONUOTIKEG QOPTIGELS
AVAOEIKVVOVTOG TIG S10POPES LETAED EKONAMON G GLVULGONUATOV TPOKOAOVUEVES OO CTATIKES
KoL 0UTEG ad cLVOLGOMLTO TPOKAAOVUEVH OO OAANAOVYiES onTiKAVY epebiopdtov (Gross &
Levenson 1995). Wvoyouetpikéc OVOADGEIS EPMOTNUATOAOYIOV GUUTANPOONKAY 0md TOLG

OVUUETEYOVTIEC TPV OO TO TPOKTIKO WHEPOC TV mepapdtov. To epoTUATOAOYIN
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ovvatcOnpotikng dwyeipiong (NEO-FFI emotion regulation) mepiddppavay pebodevpéveg
TPOKTIKEG SLdyvmong cvumeplpoplotikdy (personality) kot yvootikdv (cognitive) mpoeii

onmg emiong kat WoovyKpaciog (trait anxiety), (Anuntpiddov & Trolikag, 2012).

H egmloyn tov opddov tov eKOvoV £yIve MGTE VO, VITAPYEL TOGOTIKA LYNAN dtdbeon Kot
déyepon otov mivoka avtiotoiynong (IAPS), dote va amopevyfovv mbavég apueiporicg otig
TonofeTioelS TV eVOEiEemVv oV anewdvion Tov poviédov. Emiong kpimpia evolagépovtog
CLUUTEPUAPONKAV OTNV EMAOYN TOV EKOVOV (MGTE VA LIAPYEL GLVOYN CLVOICONUATOV
ocbpewvo pe v EAANviKn kovdtolpa, m.y. pio €6V Tov mopovctalel éva umokdto dev
npokalel yopd oe kdmowov padnt EAAnvuac xotayoyng 6co Bo mpokaiovoe e Evav

Apepcavikng katoywync. To mpoaktikd pépog tmv melpopdtomv tepthdpupave 600 pépn.

3T0 TPAOTO PEPOG TOV TEWPAUATOV TOL TPITOV GTOSIOL LVANPYE 1 TAPOLGioon 64 eKOveV
EMAEYLEVEG OLOLPOPETIKA Y10 AVOPES KO OLOPOPETIKA Y10 YOVOIKES, TPOPAALOUEVES Y10 YPOVIKO
SoTNUO 6 SEVTEPOAETTOV, e EVOLAUECEG OVOETEPES EIKOVEG Ol omoieg mpoPdAilovtay yia 5
devteporenta. O AOYOG Yo TNV TOTOBETNON EVOLAUES®V EKOVOV YOPIC TEPIEXOUEVO NTOV T
OMUoVPYio EKKEVOTIKOV EVIVTIMCENMY Ol OTOIEG TPOKAAOVY AMEAEVOEP®ON TG VUG OO
TNV TPONYOVUEVN EIKOVO (OGTE VO, LIAPYEL Mo Kabapr amoTOTOoN NG MHETARooNS TOV
cuvasOnudatov n omoia mpokaAeitat amd o endevo epébicpa. Ot eikdveg NTav Ta&vounpéveg
o€ TeTPAOEG Ol omoieg elyav emAeyel MOTE VO TPOKOAOVYV GUVALGOHMUOTIKES KATAGTAGELS Ol
omoieg avnKovv o100 1010 TETOPTNUOPLO TOL HOVTEAOL. Ot Guvdvacuol mopovsioons Twv
EIKOVOV aKOA0VOOVGOV GUYKEKPILEVT] GEPA OEYUATOV amelKOVIoNS eEAVTADVTAG OAOVG TOVG
mOavoOg GLUVOLOCUOVS TEPITAOKOTNTOC, €VA LANPEE UEPIUVO (OTE Ol HIool Omd TOLG

GUUUETEYOVTEG VO, TOPUKOAOVONGOVV TOLG GLVIVAGLOVG LE OVTIGTPOPN GELPAL.

210 0g0TEPO UEPOC TOL 1010V TEWPAUATOC TEpAapupavotav 1 TpoPoAn dikentwv Pivieo pe
EVOLAUETES TTEPLOOOVS TTAPAYPOUPNG TPONYOVLEVOV EVIVTIOGEMV KOTOAVEUNUEVOV 0O AToyng
TEPLEYOUEVOD GE QVTIOTOLYIOL LE TO TETAPTNUOPLO. ZEVAPLL TOV TPOKOAOVGAV GLVOLGHNLOTOL
YOPEGS OVTIGTOLOVCAY GTO TPMTO TETAPTNUAPLO, IKOVOTOINGTG GTO OEVTEPO Kot 0VTM KaBeENG.

H dwdwacio tov tepopdtov tepilaupave eyypaen twv tpofoidv otnv o86vn pe {ovtavn
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ATEIKOVIOT] TOL LOVTEAOL KOl TOV HETPNCEWMV, KOOMG EMIONG KOl KATAYPOPT TOV GTOEI®V e
YPOVIKY| emonpavon og apyeio yio kabe ovppetéyovia. Eikoot entd ocvppetéyovieg mpav
uépog ota mewpduata, (11 dvdpeg kor 16 yovaikeg) nlkioc and 18 €wg 50 etdv pe péco dpo
nAkiog 28.5 kot tomikn amokAion 9.47. Agv amoutOnke TPOTOPUCKELOGTIKY OlOdIKOGIO
€POGOV TO0 cOoTNUa Ogv ypetaletal apykn Pabpovounon aAld eival KOTooKELOOUEVO £TGL
®ote vo dnuovpyel avtopata v Pabpovounon mov amarteiton (auto-calibration), kvpiomg
otV pétpnon g €kng ayoywodmrog (Skin Trans-Conductance). Ta mocootd emitvuydv
LETPNGEDV OGOV 0POPA TIG TOTOOETNGES GTOV COGTO YMPO GLVALIGHNUATIKOV KATOCTAGEWDY
07t0 TO CUGTNILO GTO LOVTEAO OTEIKOVIOTG OTEIMTOV KOTA LEGO OPO V1o TIG EIKOVEG: 75% otV
katavoun “Evepyng Eumiorng”, 37% omv katavoun “Ikavomoinons”, 41% oty katavoun
"Avtiloufavouevng Avokoiiag” xon 22% oty katdotaon “Adwagopioc” kot yia to PBivieo:
66% otV katavopur| "EvepyncEumioxng”, 21% oty xatavopr| “Ixavormoinons”, 27% oty

katavoun “Avtideufavouevys Avokoiiog” ko 14% oty katdotaon “Adtapopioag’.

Ta amotedéopota TV TEWPAPATOV EKONAOVOVY LYNAOTEPO TOCOGTA aKpifelag Tov
GUGTNUOTOG OTIG TEPLOYEG OMEIKOVIONG LE TIG VYNAOTEPQ OOKPITES TUUEG LETPNOEDV OO
avTéG e TanTdypova BeTikég tdoelg (dnAadr| Betikn drdbeon kat Betikn d1éyepon), 66-75%, 1
TAVTOYPOVA PVNTIKEG TAGELS (ONAOT apvnTikY dtabeon ko apvntikn oEyepon) 27-41%. Ot
OTEKOVICELS OTIG GAAeg 000 meployég ot omoieg ouvvrtiBeviar amd Ol0PEPOVGES TACELS
eupaviCouv pikpotepn axpifeta. EEetdlovtog T1g GUVOMKES OMEIKOVIGES TOV GLGTILATOG,
EKTOG amd TNV MePimTon g cvvedpiog Tov Bivieo kot poévVo yia to Tpito TETAPTNUOPLO GTO
omoio Ta T0GOoTA aKpifelag NTaV TOAD O VYNAA Y10 TOVG AVOPES OO OVTAE TOV YOVOIKOV,
(avaivon ave&aptntov derypdtov t-test: t=2.143, p=0.049), dev Ppédnkav dSwpopég otnv

axpifelo LETPNONG LLE GTATIOTIKY OULOVTIKOTNTA HETAED TV 600 QOAMV.

To amoTEAEGLOTA TOV YOYOUETPIKDOV GTOLYEI®MV LETA amd TNV déovca emeepyacio T€ONKay o
oLYKPLON HE aVTA TOL cvoTthuatog. Ta amotedécpata g PaBpoidynong oe GYEoN LE TOVG
TEVTE TOPAYOVTEG TPOSHOTIKOTNTOG OT™G opilovtor amd to NEO-FFI kar n katnyoplomoinon
avtodv tov Babuoroyuov (“very low”, “average”, “high”, and “very high”) napovcialovtot

otov [Tivoxa 1 wov akoAovOsi.
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Iivaxag 1: Zvykpion axpifciag petpycemv uetalv poimv

Avopeg INuvaikeg
Teraptnuopro | Méon Tomun Méon Tomuen

T amékien | TN amékion
Qup 38.18 4.285 34.81 4.956
Qzp 20.36 2.024 16.13 1.516
Qap 22.09 4.969 18.06 5.836
Qap 12.18 4.875 9.13 3.631
Qv 67.55 10.093 66.25 15.597
Qav 24.09 10.425 19.75 7.523
Qav 34.82 18.236 21.69 10.806
Qav 18.00 12.008 11.31 9.965

Ye oyxéon LE TOLG MOPAYOVIEG TPOCHOTIKOTNTOG GOV oplOunTikég Tég, oev Ppeébnkav
OTOTIOTIKG ONUAVTIKEG O10PopEéG UETAED QUA®V, aAAL PpéOnKav ONUAVTIKES GLOYETIOELS
HETOED  TOpayOVTI®OV  TPOcOTKOTNTAS Kol @OAOL o1l mepmtooel “EEwotpépeiag”
(Extraversion) kot “Evcvveidnoeiog” ( Conscientiousness), (Fisher’s Exact Test, p=0.023 «o

p=0.047 avtictoya) [Tivaxog 2.

Iivakxag 2: Méoeg THuES Kol TOMIKES ATOKAIGELS TAPAYOVTOIV

APOCHTIKOTNTOAS UETALD PVAOY

HMapdyovrog Avopeg I'uvaikeg Xyvoro
npocomKoTNTAS | Méon | Tvmkn Méon | Tomkn Méon | Tvmkn
T | awoxion | Twn omokAen | Twun | awoKAion

N 20.00 | 8.44 25.06 8.23 23.00 | 8.54

E 35.27 | 8.27 30.50 4.37 32.44 | 6.56

O 27.73 | 7.24 32.13 6.73 30.33 | 7.15

A 29.00 | 7.25 29.69 3.77 29.41 | 5.34

C 31.55 | 10.55 33.63 4.90 32.78 | 7.59

YHETIKA LE TO WYOYOUETPIKA delypota 1dtocvykpaciog (trait anxiety) ot yvvaikeg (uéon tipn =
44.19, tomikn| omdxhon = 10.73) Babuoroyndnkav yniodtepa amd toug dvipeg (péomn tiun =
35.18, tomikn andkiion = 9.622). Aokwun aveEdptntov deryudtov (independent t-test) £deiée
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¢ M Opopd otnv Pabporoyic Tov mPAyovio 10106VYKpaciag HeTa&d @UA®V elval
oToTIoTIKA onpavtikn (t=2.277, p=0.032). H péon tyun yro 6Aa ta deiypato Bpédnke 40.52 ko
N omkn anokion Ppédnke 11.061. Onwg avapevotay, vyniég emddcEl Ge 10100VYKPAGTia
(trait anxiety) ocvoyetiCovtor apketd vynAd pe avtég Tov Nevpotiopov (Neuroticism) (r =
0.647, p = 0.001), eved dev Ppébniov cvoyeTiopol HETAED 1O10GVYKPAGIOG Kol TOV GAA®V

TEGGAP®V TOPAYOVI®V TPOCOTIKOTNTOGS.

AvVAAVGTN 0TOTELEGUATOV

H otatiotikn eneepyacio Tov anotelecpdtov £3€1EE YoOUNAOVG £0C HEGOVS GLUGYETIGHOVS
HeTall dVO TUPAYOVI®V TPOCHOTIKOTNTAS, NeEVpOTIGHOV Kot Agktikdttag oty Eumeipia,
(Neuroticism and Openness to Experience), kabmg emiong kot akpifelog ot 0mokpicelg

GLUUETEYOVTOV G€ Kamoto amod ta Bivieo. Ewdwotepa

Aextikonto oty gumelpio Ppédnke va oyetileton pe v omdkpion 6to teTapTuoplo Qov
(r=0.384, p=0.048) kot Qav (r=0.493, p=0.009).
Nevpotiopds, cvoyetiCeron pe amokpioeic 6to Qav (r=0.426, p=0.027).

Kamoteg vroxAipokeg Ppeéniov va cvoyetiCovior pe v okpifelo tov pETpNoE®V TOV
GUULUETEXOVI®V OOG:

- Téaon vmoPipacpod (Self-reproach), vmoxhipaxa tov Nevpoticpov, oxetiletar pe Tig
LETPNOELC 6TO TETAPTNUOPLO ekOVvmV Qap(r=-0.383, p=0.024).

- AwoOnrtikd evdapépovta (Aesthetic Interests), vrokhipoko TG deKTIKOTNTAG OTNV EUmELpiaL,
oyetiCeton pe Qe (r=-0.391, p=0.022) a1 Qav (r=-0.47, p=0.006).

- Awwvontikd Evowoeépovta (Intellectual interests), vmokAipoko tng dekTikOTNTOS GTNV
eunepia deiyvouv onuavtikdtta ota tetaptnuopio Qv (r=-0.44, p=0.011), Q2v (r=-0.338,
p=0.043) kot Qsv (r=-0.349, p=0.037).

- A&omortia (Dependability), vroxAiipoka g evovvednoiog (Conscientiousness) deiyvouvv

onuovTikdTTa 6T0 TETAPTUOpLo Q2p (r=-0.404, p=0.018).
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Otav ypnowomomdnke doun POV EMTEIOV TOPAYOVI®OV TPOSOTIKOTNTOS (“KAT® TOL
HEGOL”, “UECOV” Kat “avm Tov LEGOV”), 0 Nevpo TGOS Bpébnie cav TapdyovTag ETNPEAGHOD
oto Qsp: F(2.28) = 3.463, p = 0.048. Ilepautépw enelepyocio molaniodv cvykpicewnv (Tukey
HSD) amokaAbmtovv g 1 dopopd UeTOED emMmEd®V NELPMTIGHOV HEGOV KOl KAT® TOV
péoov eivar onpovtiky (p = 0.037). Emumhiéov, n Aektikdtnta oty gunepio Lavictnke vo
emmpedlel amokpioelg oto teTapmuopo Qav (Kruskal Wallis H(2) = 7.246, p = 0.022, 95%
CI1[0.019, 0.025]). Zvykpicelg ava {evyog 0ev avESEIEAY CNUAVTIKOTNTO, OAAG GUUUETEXOVTES

HEe Ave TOL HECOV EMMEOOL OEKTIKOTNTOS otV eumelpio elyav youniotepn akpifelo oto

tetoptnuopto Qav (MdBelow = 0.24, MdAvg = 0.13, MdAbove = 0.06).

H Babporoyia Idocvykpaciog tov coppeteydviov (Trait Anxiety), cuoyetiletor onpovikd
Hovo pe Tig anokpicelg oto tetaptnuopto Qav (r=-0.460, p=0.016).

Movo n axkpifela Tov amokpice®v Yo TV TETOPTN OULAdA EIKOVAOV GLOYETICETOL CUAVTIKA LE
11§ amokpioels 6o tetoptnuoplo Qav (r=—-0.460, p = 0.016).

Movo 1 akpifela Tov amokpicemv yio TNV TETOPTN OUASA EIKOVOV GLCYETILETOL CNULOVTIKA e
v Aweipion ZvvoirsOnuatov, (r=0.396, p = 0.041) kot 500 vIOKMUAKES, VOGO UOTIKEG
eumepiec (r = 0.428, p = 0.026) o1 ZvvorcOnuotikég sumelpieg pali pe ZovorsOnpatikéc
Exoepaoeig (r = 0.44, p = 0.022).

To té€t0pT0 0TAOI0 TEWPAUATIKOV HEAETOV TEPAAUPEVEL EMOOCELS TOV GULGTNUOTOS GE
oLVOVAGHO Kot GUYKPLOT LE TO GVGTNIA SIyVmoNS Yuyooopatikev kotaotdoemv Noldus to
omoio Paciletol 6& CLUTEPAGUATIKY] OVAALCT] TOV EKQOPAGEDY TOV TPOCAOTOV. L€ OVTO TO
oTAd0 eMAEYONKE M €QapUOY|] HEAETNG GE OVO YOPAKTNPIOTIKA Tedio 610 YDpo e&EMENG
oy violov. Ot dvo PBacikoi tOmor meptBailoviov mov yapaktpilovy to moyvidia v yével
dwaxpivovror og avoiktig doung (Free Structured) - 6mov dev vLAPYOLY YPOVIKOL TEPLOPIOLOL
ko miéoelg — ko tomkng doung (formally structured) - o6mov ovykekpipévor otdyol
EMTLYYAVOVTAL HOVO HEGO OE GULYKEKPLUEVO YPOVIKA TEPODPIO Kol KAT® omd TEGELS

KaTadiwENG Kot amopLYNG EUTOdImV.
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O apBpdc TV cvppeTexdvtov amoteAeito and 25 padntéc, (18 aydpia kot 7 kopitoia), nAtkiog
petald 9 kot 12 etdv pe péso-6po nikiog 10.77 ko tomikn andxiion 0.74. Zuvorikd mg mpog
OAOKANPO TO Teipapa, to amoteAéopata £0ei&av OTL To OV0 GLOTHUATO UTOPECHV VO
AEITOLPYNOOLY OTPOPANUATIOTO GVVLTAPYOVTOS GTOV 1010 VTOAOYICTN KOl VO OTTOSEIKVHOLV
He TeEAElC JPOPETIKY 0Py AETOLPYIOG TAVOUOLOTLTTO OTOTEAEGUATO G VYNAO Pabud
oLYKAMONG. ZUYKEKPIUEVO Ol OTOJOGELS TMV YUYOCHOUATIKOV KATAGTAGE®MV GE GYECT UE TO
povtéro katavoung tov Russell, Bpébnke va avtikatontpiletor kot 0o to SV0 GUGTHOTO LUE
vynA cvpurtopotkotta (63.48 — 100.00%, péon Ty 89.60% kot tumiky| amdkAion 9.63%).
To ovomua HR-STC anédide v mpoPoin emmédwv TPocNA®ONG G€ TPAYUATIKO ¥POVO EVD
10 Noldus anédide cuvarsOnuatikn exidoon 1 onoia Bpédnke va avtiotoyel oTic 1d1eC TEPLOYES
anewkovione. Emiong kot 1o 6v0 ovotiuata oméddav tnv kotevBuvon (Gradient) tng
oTOONG TNG SEYEPOTG 1 OTTOL0L PAVNKE VO GLUTINTEL GE VYNAG Tocootd, (Ewkdva 7.4.1 oto

AyyAMxKo Keipevo)

[Mepartépo otatiotikn eneepyacio TV amoteAespatoVv pe v péBodo Spearman’s anédmwaoe
vynAég Betikég ocvoyetioelg PeTald TV petafintav didbeong Kot di€yepong oTo moryviol
avowktng doung (r=0.769, p=0.05) xou (r=0.758, p=0.05) ywo to TVTIIKG SOpUNUEVO Ty ViOL.
Avto emPefardvel Tog avopeudoelg ota enineda diabfeong oyetilovtal e QVEOUEIDGELS O
emineda déyepong kar ota dVvo mepPdirovta. EmmAiéov avoivoels tov otoyyeiov omd
EPOTNUATOAGYLO. TTOV APOPOVGOV (VUAO, NAKia, cuxvOTNTA EVOGYOANONG LE Toryvidlo Kot
wponyoduevn eumelpia, €10V TOG VINPYE CNUOVTIKY OPOopd HOVO Yoo TNV UETAPANTN
wponyobuevng eumelpiog. Avtd mopovctdlel Evoelln nwg EUMEPOL TOUKTEG EKONADVOLV
VYNAOTEPO EMUMEDD TKOVOTTOINONG GE TToyvidla eAe0BepV GEVAPI®mV Kot avoIKTig doUng amd
TOVG apyaplovg maiktec. Avaivon Wilcoxon £deiée mmg ta mayvidio eiyov peydin emppon
OTIC VEVPOPVGIOAOYIKEG LETPOVIEVEG TOCOTNTEG KAt 1daitepa oty péTpnon tov STC (Z = -
2.127, p=0.033). Ot cvupetéyovtec, Katd TNV S1dpKeLo TOL oy vidlov kKAelothg doung (Subway
Surfers) ekdNAmcav GNUAVTIKA HEYOADTEPO ETITEDN PLGLOAOYIKOD GTPES OO AVTH KATA TNV

dhpKelo, eVacyOANOTG TOVG 6T0 Ty vidl eAevBepng doung (Minecraft).

Page: xxi



Summary in Greek

Hopatnpiosis ko Zvpnepdopata

To chotnuo Tov 6YeEdAoTNKE KO avamTOYONKE Y100 VO KOTAGTEL SUVOTH 1| LEAETN OViXVELOTNG
OEIKTMV EMMEOOL EUTAOKNG paBnTdV Kol yevikotepa ypnotwv H/Y 1 dAlov cvokevdv
Boaciopévo o PETPOEIS KOBOPDV VELPOPLGLOAOYIK®V HEYEDDV GE TPayHaTIKO YPOVO €)XEL
EKTTANPOCEL TIG OPYIKES OTOLTHOELS AELTOVPYIKOTNTOG Kot evypnotiog. A&ilel va onuelwdel ott
dgv &yovv vAomoBel alyopiBuol PeAtiotomoinong 610 AOYIGHIKO, OAAG TO OTOTEAECUATO
amodidovial 6€ KoOUPES LETPNGEIS GTIYUIIOV YUYOPVGIOAOYIKAOV EKPPUCENDY LLE GKOTO V.

peAetn0ovv Kaboapd ot SuvaTOHTNTEG TOL GUGTNHHOTOC.

Yvumintovceg e£0POES KAPIOKDOV pLOU®V Kot EMITEI®V YOXOAOYIKOD GTPEG TapaTprOnKay
o€ TEPPAALOVTO VONTIKAOV POPTIGEMV KOl CLVULGONUOTIKOV JEYEPCEMV Kol 0EI0A0YNONKaY
OGOV aPopd TIG SVVATOTNTEG ATOS0CNG OEIKTMV EUTAOKNG 0TO TEPLEYOUeVo. Ta amoteAécpata
delyvouv 0T T0 cVGTNA 0TOdIdEL L PEYAAVTEPT aKPIPEI GOOTEC AMOKPIGEI OGO OL YPNOTES
Bpiokovioar ce ynAdtepo emimeda S€yepons To omoio. TPOKOAOVVTIOL Oamd UEYOADTEPT
GLYKEVTIPMOOT) 1] TPOSTA®GSN 6T0 TEPLEYOrevo (Avdpeg:75%, Iuvaikeg:66%). H akpipela tov
OMOKPIGEMV AMOOEIKVVETOL LIKPOTEPT] O KOTAGTAGELS YOUNAOTEPNS eUPabduvong (katw omd
50%). Avto amodideTol 6TO OTL 01 GLVIVACHOL KOt 0 HEYAADTEPOS apBdS cuvausOnudToy Ta
Omoil0. OVOTTUGGOVTOL GE OVTEG TIG TEPLOYEG OmOdIdOVY AlYOTEPO £VIOVEG KOl TEPICCOTEPO
KkaBvotepnpéves Hetafdoelg KafloTdvTag TV SomicTMoN TOV COGTOV ATOTVTOCEMY TOAD

dvokoAdTEPN Y®PIg TNV YpNomM adyopiBuwv BerticTonoinong.

H axpifeia Tov cvotiuatog oty aviyvevon epfabovvong ovsrootikd Pociletor oe pétpnon
Kol GOpolon  YOpOKTINPIOTIKOV Otdfeong Kot S€yepong OTyHoiov  cuvolcOUATIKOV
kataotdoewv. Epocov evéyetar | mepintwon dtopopeTikd cuvorsOnuato va exkepdlovion pe
TOPOLOLN XOPOKTNPIOTIKA TOPEUPEPOVS EVTAOTC, YIVETAL ELPOVIE 1| AVAYKT YPNOUOTOINONG
alyopiBumv ot omoiot Ba mwpoPAEmovV peTAPOPA Omd (o GLVOLCHNUATIKY] KOTAGTAGN GTHV
EMOUEVN AVAAOYO LE YPOVO Kol TPOTO EKOPACTG OO ATOYT PLGLOAOYING. ZVUTANPOUOTIKE
EPYOAELD OTTMG 1| EVOOUATMOGT CLOTHHOTOG LETPNOE®Y OAAAYNG TOL HeYEBOLG TG 1pLdag ™G
KOPNG TOL HaToD, N TG KoTtevBuvong Kot ypoviKig SlapKELNG TapakoAovnong g 006vng

(eye gaze) pmopovv va. avénoovy o TOAD LYNAG TOGOOTA TV aKpPifeEla TOVL GLOTHLOTOC,
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KaOADGC 01 0V0 PLVOIOAOYIKES TOGOTNTES (KOPd1okoD PLOUOD Kot SMAEKTPIKNG Oy®YILOTNTAG)

BewpovvTal EAMTELS Yo VoL ETTOYOVY LYNAOTEPN aKpiPeLa.

Iepropropoi ko Eropeva Bijpato

Ag1rrovpyikol meplopiopol dev EPPAVIGTNKOY KT TNV OLAPKELD TOV TEPAUATOV KOl ¥PNONG
T0V oLoTNUATOG. ‘Evag onuavtikdg meplopiopdg OTIG TEWPAUATIKES SLOOIKAGIES QLTS TNG
perétng vmpEe 1o Bépa emaoyng dwPaduicpévovr vAKov Yo TpoPoréc Pivteo. [Hapdtt ot
ewoveg glyav Pabupovounon ond debvarg amodektd mpdtuma, T Pivieo Empene va EMAEYOLV
LE TapOUOLo KPLTNPLoL 0AAG Yopic Vo vdpyel dSuvatdTTa ETAOYNG amd S1eBvAG EYKEKPIUEVES
BiBrodnkeg epevvnTikov vAKoV. o mapdderypa, éva Pivieo to omolo mapovcsiole v
amoyvoon mov Evolmbav 600 yoveic mykovivol tpocmabmvtag va eravagépovy oty {on to
VEKPO ToVG veoyvo d0cKoAa Ba pmopovice va apgiofnnel 0Tt mpokaiel cuvoisOnLaTo AVTNG
Kol amoyvomong aAAd oev givar 01EBvdg KataywpnUévo OGTE VO KATOYVPMOEL ATOAVTMOS TV
a&lomotio TG EMAOYNG TOV Y10 AL TOV TOV 6K0T0. O1 GVoYETIGHOT pETAdD ekdvmV Kot Pivteo
dev £€0e15av TNV aVOUEVOUEVT] CNUAVTIKOTNTA Y10 To avTioTorya tetaptnuopla. Emnpdcheta,
detypata Cevyav (paired samples t-tests) £de1&av 0TL o1 d1apopig o€ aKpiPela OmTOKPIcGEMVY YiaL
kda0e (ehyog ewoOvav-Pivteo Ntav onuavtikés: t1 = 2.623, p = 0.014; t2 = 5.400, p = 0.001; t3
=4.422, p = 0.001; t4 = 3.029, p = 0.005. Avtd dciyvel mwg N emAoyn Tov Bivieo enépepe
OTOTEAEGUATO 0E AYOTEPO LYNAAL TOGOGTA Ao aVTd TV ewoveav. Emiong avtd pmopel va
amodobel o010 YOPAKINPIOTIKO NG MIOTEPNS Kot apydtepng petdfocng o€ 01000y 1KY

YUYOCOUOTIKN KotdoTtaon 1 ooia wpokadeiton amd 1o Bivieo g oo e VTNG TOV EIKOVOV.

Inuovtikég BeATidoelg pmopovv va enéABouvv o oyéomn pe v okpifela aviyvevong eUTAOKNG
OTO TEPLEYOUEVO KOl KOTO OULVETEWDL EVOLULPEPOVTOS KOl TPOCOYNS ME TS OKOAOLOEG

TPOTOTO|GELS:
e Av n ypouun avapopdc (Baseline) n omoia ypnowomolgitar ywoo TV opyKn

aVTOPPLOUIGN TOV GLGTHUATOG YPNCIOTOINBel GTOV VITOAOYIGUO TOL GAYOPIOLOL

TPoPoANG cav onpeio avagopds, avtd Bo dnpovpyoHoE akpIPESTEPT OmEKOVION
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O alyopBuog amewoviong oev dwayepildtay Tic TIHEG ol omoieg Ntav 101EC pe TV
nponyovuevn pétpnon (Gradient = 0). BeAtioon pmopei vo enéhbel av oe té€T01EG
TEPUTTMGELS AOUPAVOVTAY DITTOYN OL L0 TPONYOLUEVES TIHEC (trait assessment).

Av ocvumepthappdvovtay otov OAYOPOHO ATEIKOVIONG TOPAUETPOL EMNPEAGLOV
avaAoyo LE TO TPOPIA TPOSOTIKOTNTAG KOl 1010GVYKPOGiaG TOv ¥pNnotn eivol mbavov
va avEavotay 1 akpifela Tov cuoTratog (ypelaletol TeEpUITEP® depehivnon).
YHomuo aviyvevong peTafoAdv tng ipdag g kdépng Tov patiov Bo umopovce va
BeAtidoel T1G €MOOGEIS TOV GLGTNUATOG Gav EMIPOGOeTog deiktng emiPePaimong n
amoppyng TV evdeiemv Ommc ovTéG cuumepaivoviol omd TS VITOGLVEIONTES
(PULGLOAOYIKEG LETPNOELS.

YHotua dtepebvnong xpovikng eneEepyaciog oe 01dpopeg TepLoyég TG 006vNg emiong
0o pmopovoe vo evowpotmbdel 610 cVoTNUO 0mOdIdOVTOG EMITALOV TANPOPOPIES
OYETIKA LE TNV EUTAOKN TOV XPNOTN 6T0 TTEPLEXOUEVO. Eva t€1010 vmosvotnua Opmg
Bo amoitohoe €EAPTNOTN KOl GUGYETIGUO TOL TEPLEYOUEVOL LE TG OVTIGTOLYES
LLETPNGELG, ONUIOVPYDVTAG TOAVTAOKOTNTA GTNV dNUIOLPYio SIOOKTIKGOV GEVAPIMYV.
[Mepartépo €pevva 6TOV YOPO TG PLOIOAOYIOG 1 omoio Ba Tapeiye MEPIGGOTEPES
TANPOPOPIES KOl TPOGOIOPIGLOVG CYETIKA LLE TOV TPOTO, TNV £VIACT KOl TNV YPOVIKY|
duapkeln ¢ Exkepaong tov cuvalcnuatov Bo fonbovoe onuaviikd v Peitioon
a&lomotiog Kot akpiBeLng TOL GLGTNUATOG.

Téhog efedkevpéva  mEPAUATO UE  CEVAPLOL  EUTAOVTIGUEVAOV — TPOKANTMOV
YUYOCOUATIKOV KOTOCTACE®V UTOPOVV VO, EUTAOVTICOVV TO GUGTNUO WUE EMAOYEG
vroderypdtov (lookup tables) ov omoieg pmopodv vo mpodyovv to emimedo TOV

OLGTNUATOG HE duvaTOTNTEG TPOPAEYIL®Y avTidpacewy (predictive processing).
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Yovero@opd otnv Emotnpoviki) kowétnto

To cvomuo HR-STC 6mwg oyedidotnke Kot avaAvOnKe 6 avTi TNV EPELINTIKY| EPYOGTN EKTOC
oo TIG KAVOTOWES dVVATOTNTEG TOV TTAPELYE Yo Vo TpayUaTomomOel avtr 1 LEAETT amoTeAET
eMiong €vo KePAAMO GOV EpYOAEID EQAPHOCLLO GE EKTALOEVTIKA KOl EPELVNTIKA TEPIPAALOVTOL.
H gvypnotio Kot 0moTEAEGHATIKOTITO TOV GLGTHUATOG GE GLVOLOGUO LE TO YAUNAO KOGTOG
KOTOOKELNG KOL TIG OLVOTOTNTEG MPOGUPUOYNG OE MOAAEG GLGKELEG OIVOLV  ONUOVTIKA

TAEOVEKTNLLATO, Y10 TEPALTEP® a&lomOinoT).

Ta yopaktploTikd T adtdAewmInG Kot cuveyos nétpnong tov cvotuotoc HR-STC pe v
O akpifela ko a&lomotion elvar éva emitevypa €vovit MO LIAPYOVIOS EPYACTPLUKOD
eComMopol o omoia SV UTOPOLV VA OLOTNPNCOVV TNV UETPNOT SINAEKTPIKNG Oy YILOTNTOS
o€ autd To eminedo. Avto €xel emtevyfel AMOy® piog Kavotdpov oyediaons Paciopévn oe
KOKAopo dimAektpikng Swmeporotntog (trans-conductance) ovti tng ovvinbovg ypfong
KUKAOUATOV LETPNOTNG OVTIOTOGTG TOV 16TOD TOL dEPHOTOC. To TAEOVEKTN L0 TOV KUKADUATOG
NG OMAEKTPIKNG SOMEPATOTNTOG EVAVTL AAA®V TEYVOLOYLDV €lvar 0Tt AGY® YPNGLLOTOINoNG
EVTACEMG oVt TACEWG £xel TNV dvvatdHTNTA Vo UV emnpedleTon amd TG NAEKTPOAVTIKEG
AVTIOPAGELS TOV OEPUOTOC Ol OTOlEG EEOVOETEPDOVOLY TNV TAGT OEYEPONG UETA OO LEPIKA

Aemtd Ommg akpPog cvpPaivet e nhektpootaTikd @oprtia.

H epguvntikn pedém aviyvevong epmAokng padntav o mepifailova pabnong facicpévn oe
TPOYLOTIKEG KO OVETNPENOTEG UETPNOELG XPNOTOV OMOTEAEL OVAYKT GTNV OMUEPIVY ETOYN
EPELVOV Y10 TNV BeUEA®ON TOV SVVOUKOV GUCTNUATOV EKTOIOEVONG Kol AAANAETIOpAONG
TOV ENOUEVAOV YEVEDV. O1 JuVATOTNTEG S1EPEHVNONG TNG AMOTEAECUATIKOTNTOS EEEOIKEVUEVOV
VEVPOPLGIOAOYIKMDY UETPNCEWV, N UEAETN VE®V UeBOd®V U TIG omoieg umopovv va givor
EPIKTEG KL EQPOUPUOCIUEG OTNV EKTOLOEVOT Kol 1] O1EPEHVNON G TPOGS TO TOGO UTOTEAEGHUOTIKES
Kot axpifeic pmopet va elvar, Bewpeitan Bepeldong avaykn yio Ty dNUIovpYio TV ETOUEVOV
YEVEDV EKTOUOEVTIKAOV CLGTNUATOV TO 07010 B0t GLUTEPIAAUPAVOVY AVTOUATOTOIUEVO QL TO-

Stpopeovpeva TepParrova.
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Mia ToA) GNUOVTIKY KOVOTOUIN TOV GLGTHIATOG Eivatl 1) duvatdTNTa Arecns Asttovpyiog Kot
Ao OPOPETIKOVG Y¥PNOTEG YWPIg va amouteitar apyikny Pabpovouncn ortmg copfaivel pe
EPYUOTNPLOKEG CLOKEVEG, 101UITEP LOTPIKEG CLOKEVEG Ol OMOIEG LETPOVV AYMYIUOTNTO TOV
oéppatoc. To ovomua HR-STC amodidel Tic cOUmEPAGUATIKEG EVOEIEEIS OKOUN KOl OV
EVOALAOOOVTOL Ol YPNOTES, e TV 11 axpifeta, ywpic va emnpedletor amd T aAlayég TV
TILAOV 01 OTToleg pUmopel va etvar onUavTIKd VYNAOTEPES N XOUNAITEPES ATt TO £Va ATOLO GTO
dArho. Avtd €yxer emrtevyBel pe v kouvotopio vAomoinong tov aiyopibuov @ote va
emeepydleTot SLOVUCUATIKES TYEG TOV LETPNGEMV Kol OYL OTANL TIG ATOAVTES TOGOTIKA TUUES

TOV LETPNCEDV.

H npovowa oyedioong cav avaroyikd KOKAOLA YOPIG TV avAyKN EVOOUATOONG ENEEEPYOCTN
(CPU) enépepe pio coumayn HOPPT| TOV GLOTNIOTOG MG AVEEAPTNTOL AELTOVPYIKA TUNUATOC
10 omoio umopet va, vAomomOel oe PKPOYPaEIKES SOCTAGELS Kot Vo TpocapTtn el o didpopeg
OLOKEVEG KVNTAV 1] emtpanéllov cvotnudtov ektaidevonc. Emmpocheta, cav avoroyikd
KOKA®UO TPOCOEPEL AUEST] ATOKPLON YOPIS OPYIKOTOUCELS OTMS AVTES TTOV OTOLTOVVTOL OO
avtiotoryo ymolokd kukiopota. H eneéepyoacio tav onudtov kot ot emAoyEs alyopiBumy yuo
TNV XPNON TOV LETPNCE®V UTOPEL vaL Yivel amd éva peyaio aplOpd tepPariloviov avimtoéng
amd EPELVNTEG 1M EKTOLOEVTIKOVG YPTCLUOTOIDVTOG EPYUAEID OVATTUENG EKTOLOEVTIKAYV,
YOYOYOYIKOV 1| GAA®V GYETIKOV £papuoydv. To cvomnuo pmopel pe v cepd tov va
ypnowonomBel o OPOPES HOPPEG EKTAIdELONG, HABNONG, WYLXOY®YIOG KOl TEPOLTEPM
gvepyelwv, apnvovtag peydio meplBmpla Epgvvag eite yia kabopiotikn aviyvevon eite yu
CUUTANPOUOTIKT ATOO0GT] CTOLEI®MV VTOGVVEIONTOV YOUPAKTIPICTIKAOV TO OTOI0L OEV LI PY AV
G€ QLTI TNV HLOPPN TPV amd ovTh TV peAéT. o mapdaderypa Eva cuGTNHA OTMS QVTO TOV
aneikoviletal 6To TapPASELY L EQOPLOYNG TTOL 0KoAoLOET To omoio pumopet pe peydAo TocooTo
EYKVPOTNTOG VO OMEIKOVIOEL TO EMIMEON EUTAOKNG LaBNTOV 6TO TTEPlEXOUEVO oE pia TAEN o€
TPAYHaTIKO Ypdvo, elval KATL T0 omoio dev vanpye UEXPL onuepa Kot Bo pmopovoe pudvo va

Kataywpn el e GeEVAPLO GLOTNUATOV TOV LEAALOVTOG.
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] 10
@ 075.06

Agtyua epapuoyns  oroio mpofdlel evOciCels EUTAOKNS avd XpHoTy 6& TEPIPfdiiov Talng

H xotd oamodektd vynid mocootd okpifelag omddoon pwoGg €OVoS EUTAOKNG Kot
EVOLLPEPOVTOG TOV LOONTAOV Katd TNV dtdpkela piog ddaktikng dwdwkaciog site pe HY, eite
LE TOUTAETEG, VETUTOVK 1| Admtom givorl pio amd Tig apykég SLVUTOTNTEG OV UTOPOVV Vi

emtevyBovv pe v ypnon tov cvotuotoc HR-STC.

AxOun Mo eVILVTOGIOKO givol To omotéAespo Otav To TEPPAAAOV pabnong pmopel va
neptlopPdvel anguovicelg padnTmv ot omoiot evpickovtal 6e S16POPO. OMOLOKPVGUEVO LEPT

™G YNG O€ TPAYLOTIKG cevapila didaokariog péom Tviepver kot mhatedpueg cloud.

[Topdpoteg epaploYES GTOV YDPO TNG YLXAYOYING KOt SLOOIKTVOKNG ETKOVAOVIOG LTOPOVV VL
EKUETOAAEVTOVV TIC €VOEIEEI EUMAOKNG TV YPNOTOV Kol v amodidovv emmpdcOeteg
dVVATOTNTEG GOV UTOVOLG GE TOTKTEC O1 0TToi0t emdidovTal pe peyaAvtepo Pabud amoppoenong
ka1 Pondntikég Aertovpyieg oe maikteg mov deiyvouv Aryotepo evolapépov. IlepiBdAiovta
QTILYHEVO, Yoo TToudld pe €0KEG ooONTNPLOKES OVOKOAIEG UTOPOVV VO OITOKTHGOLV
JdpacTiKOTNTA Kot vo. omodidovv petafarddpeva emineda dvokoAiog avdioyo pe TIg
evoeiEelg tov ovothuatos. Eeappoyés pmopovv emiong vo oxedoctodv yuo v PeAtioon
TaoyovIov ond TafoAoylkoy TOTOL OTPEC UE OOPACTIKOTNTO 1 Omoiol UTOpel vo

onpovpynOet yio TpOTN POPA, pe TNV avAAoYn S1ayEIPIoT] TOV LETPOVUEV®V BLOCT|LATOV.
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Chapter 1: Preface

1. Preface

The essential concept investigated in this research study entails the design and implementation
of an integrated bio-sensing system assessing the effectiveness of simultaneous excitation of
two physiological signals when used to deduce states of engagement and focusing involvement
of a learner. An unobtrusive proprietary system has been developed as a tool for assessing
validity and accuracy of a long standing modelling algorithm claiming that psychosomatic
conditions can be deduced from behavioural patterns of certain physiological expressions.
Innovative design concepts and flexibility allowed for effective use of the system in
experiments proving its capabilities to be used in educational environments as an integral part
of computer desktop, portable computers or mobile devices. Classifiers produced by the system
in real time, presenting subconscious cumulative involvement of a user can be provided as
inputs to dynamically adaptive learning environments. Although the risk of inconsistencies and
precision concerns caused by instantaneous measurements were apparent, no additional
correction or averaging algorithms were used. This was made in order to assess the accuracy
of the algorithm used for the interpretation of user engagement, the actual operational
capabilities of the system and the validity of the measurements with regards to revealing

subconscious expressions in that respect.

Several scientific reviews in effective communication and learning, attempt to identify human
emotional predisposition, affect or feelings and convey derived qualitative markers in social
activities and interactive user environments. Methodologies employed in research areas such
as adaptive learning, educational technologies (McCrickard & Chewar, 2006, Groth-Marnat,
2009), HCI, and affective computing (Picard, 2003; Fairclough, Moores, Ewing, Roberts,
2009), rely predominantly on formal tools for psychological assessment. Typically, data
obtained from self-reporting questionnaires, interviews and personality assessment, form the
initial collection (Costa & McRay, 1992). Data derived from initial collection of targeted
samples are then used to develop and identify inferences which are subsequently correlated to
form or prove a hypothesis. Influencing classifiers developed from inferences are then

incorporated into a dynamic model for further event related experimentation and data produced
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are statistically processed in an investigation of conclusive interpretations. Although carefully
selected assessment methodologies are being used, one can argue that input data largely present
an estimate of emotional state of individuals as they express their views subjectively. Since
humans have no accurate perception of their emotional or affective state, its particular
constituents and their specific intensity (Salovey & Mayer, 1990), their subjective evaluations
can be partial and decline from the actual condition. Such cases are more obvious particularly
when one tries to express an estimate of combinations of sentiments that produce similar
sensation with other combinations (Ochsner, Gross, 2005). Additionally, emotional responses
estimated by individuals are influenced heavily by their emotional regulation skills frequently
inhibiting emotional and affective components.

Evolutionary biology and psychology have offered a number of theories of emotion, further
analysis of which is deviating from the scope of this text, but it is worth mentioning that clearly
emphasize their analogies either with propositional judgments or with perception. Different
ontologies of emotion express various concerns disputing the rational and cognitive
contribution towards their respective emotional and affective formation; however, in all their
experimental conclusions were in agreement on that emotions are inter-related and have a
serious impact on cognitive processing (Salovey & Mayer, 1990). The aforementioned
suppositions are met frequently in several scientific fields where influencing factors in human
communication and behaviour is the subject under investigation while they have been verified
by numerous forms of experimentation. Consequently it has been widely accepted that
emotion, cognitive involvement and affect can be considered as interrelated activities
comprising the formation of a wider concept of involvement subsequently revealing intensified

attention and engagement.

Various approaches identified in older theories regarding the relationships of emotion with
cognitive processes and previous experiences (Lazarus, 1982; Oatley & Jenkins, 1996) have
hindered a commonly accepted definition and subsequently forced scientists to seek established
foundations for new classifiers by using instruments employing measurement and

instrumentation methods. Appraisal of reactions to evoked emotional events constitutes the
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most common method to deduce conclusive judgements between expressions of emotional or
affective origins. Efforts have been made to assess all influencing indicators of emotional
reactions ranging from analysis of visual activities such as pupillary motion, gazing intensity,
focusing duration and direction in respect to their associated subconscious physiological
responses to emotional and cognitive loading stimulations. What makes things even more
complex in attempting to deduce human emotional status is the fact that there is no means to
identify structures of emotional bindings that produce identical expressions in people with
similar cultural and social profiles. Additionally, the two universally accepted emotional
constituents of satisfaction and intensity provide insufficient detail to distinguish precisely
emotional components emphasising the need of complementary descriptors (Fontaine, Scherer,
Roesch, Ellsworth, 2007). Lack of precision when looking at emotion as a construct composed
by insufficient psycho-physiological expressions becomes apparent as in many cases certain
combinations of emotional constituents produce expressions identical to those caused by some
other combination of emotional or affective stimulations. Therefore the mission to identify
discreet sentimental constituents that cause individual emotional condition has been very

intricate and therefore quite rarely attempted.

A credible alternative to self-reporting formal methodologies has also gained acceptance in the
scientific communities using physiological instrumentation in effort to detect subconscious
reactions to focus evoking stimulations. This approach can provide a more impartial method
of ascertaining the users’ psychological state than the above instruments of formal assessment
as it cannot be distorted. The abovementioned technologies have elevated the field of detecting
correlates of affect, emotion or cognitive workload to further our knowledge beyond the
already known self-reporting or visual observation methods. Existing systems facilitating
human physiological measurements for assessing psychosomatic correlates have been using
medical devices obviously designed for use in laboratory experimentation and therefore
refrained from use in open environments like a school class due to discrepancies caused by
sensing instrumentation (e.g. electrodes), postural and in most cases kinetic restrictions. A
system designed and developed specifically for the purposes of this study has overcome those

major hurdles described above, by using a novel approach not compromising accuracy when

Page | 3



Chapter 1: Preface

measuring user responses in any environment. Micro-electrical signal acquisition required to
obtain physiological responses was achieved by incorporating a set of re-useable sensors in a
minimally obstructive and unobtrusive fashion. Optimised bio-signals strongly related to
psycho-physiological expressions can be captured with no physical or mental inconvenience
whatsoever by holding a typical apparatus such as a computer mouse or a handheld device (e.g.
mobile phone). The major advantage of this purpose built system over other systems used in
studies of physiological assessment is that this system being inconspicuous circumvents
additional errors induced by stress and psychological strain imposed on the user by them being

aware of the fact that a measurement is taking place.

Numerous settings for scientific experimentation measuring physiological indicators have been
performed successfully in laboratory setups; however, there is still a gap between obtaining
efficiently data in those restricting environments and achieving to obtain similar results in non-
clinical environments such as those in a school class or outdoors. Bridging this gap was one
of the aspirations initially considered and finally achieved by the development of a purposely
designed physiological acquisition system that could be used without constrains in any
environment in every day’s life, free of attachments, electrodes or kinetic restrictions
whatsoever. The system was developed based on similar first principles of measurement as
those used in medical devices holding a significant advantage by accomplishing unnoticed
operation of bio-sensing. This was made possible by implementing an optimised sensing
interface to acquire the user’s heart rate (HR) and psychological stress as they were expressed
by the human somatic system in real time. The sensing part of the system was embedded in a
computer mouse. Optimisation of bio-signal types yielding a credible detection of vital
psychosomatic expressions that inherently combine unobtrusive operation and dependable
functionality led to the selection of a combination of HR and Skin Conductance (Venables,
Christie, 1980).

Assessment of essential technologies in view of an optimisation which led to the selection of

the above physiological quantities including a review of most relevant physiological

measurements appropriate for the detection of psychosomatic expressions has been included in
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following chapters of this text. Successful development of the above system made then possible
for this research work to perform an investigation of a generic approach that attempted to
distinguish quantities of emotional, cognitive, affective and conative congregations.
Neurophysiological modalities effectively measured as reactions to pre-validated emotional
stimulations were treated according to their manifestations of coinciding excitations.
Essentially, the system developed for this research study has made possible to develop the
optimal prerequisites for accurate and minimally obtrusive measurement of cardiac elevation
or demotion in conjunction with Skin Trans-Conductance (STC) responses and study the
behaviour of the excitation of those two biological expressions in relation to engagement and

focused involvement of a person.

Essential requirements for instant acquisition and processing of purely unimpeded
physiological signals could not be met if commercial products were used. The major aspects
that could not be overcome by laboratory devices which forced the development of an

integrated custom made device were in summary:

requirements for non-obstructive operation without electrodes and attachments

e physiological expressions of a person should be measured in a natural environment

e the strict requirements for absolute synchronisation of signal acquisition

e requirements for zero latency during the reading of instantaneous input signals

e instantaneous real time processing and derivation of related classifiers for adaptive
personalisation environments as well as projection of psychosomatic condition on the

screen

o flexibility to incorporate more algorithms and additional components in the processing
cycles

e elimination of initial calibration and familiarisation period

ability to embed the electronics into a small device

In early studies involving physiological instrumentation has been claimed that intensified heart

rate and increasing stress levels exposed at the same time can be reliable indicators of the

Page | 5



Chapter 1: Preface

emotional state of an individual. Those claims have been derived from several scientific
experiments, at different times since 1953 to date employing different technologies. In those

citings, scientists posit that HR and SC can help to deduce states of basic emotion (Table 1).

Table 1: A review of literature since 1953 (adapted from Psaltis, Mourlas, 2013)

Correlations between HR / SC gradients and basic emotion
Fear Anger Sadness | Happiness Disgust Amuse | Surprise
ment
Ax (1953) +/+ -10 -/- -/- 0/0
Christie (2002) +/+ +/- +/0 +/0 0/0
Ekman et al. (1983) +/0 +/0 -/0 +/0 0/0
Fredrickson et al. +/0 +/0 +/0 0/0
(2000)
Levenson et al. (1990) +/+ +/0 +/0 +/0 0/+ -1+ +/0
Nasoz et al. (2003) +/0 +/0 0/0 +/0 0/+
Palomba & Stegnano +/0 +/0 +/0 +/0
(1993)
Palomba et al. (1999) +/+ +/0 +/0
Picachin et al. (1999) +/0 +/0 +/0
Sinha et al. (1992) +/0 +/0
Sherer (2000) +/+

(HR/SC), +: Increase, -: decrease, 0: no significant

The above collection of published results reveals a connection between the two traits of HR,
SC and basic emotion and the justification for selecting the above physiological modalities in
order to deduce involvement from related emotional and affective activation. Further
elementary analysis indicated that many of the concluding opinions coincide, thus
strengthening the motivation and prospects to further investigate the findings advocated by
using devices employing recent technologies. Further observation of the above table reveals
imperfections in matching some results of the findings as different assessment methodologies,
acquisition technologies and testing practices have been employed at different times during
that fifty year period. For example it has been generally accepted that anger can be
distinguished by increased heart rate, however, two cases in the above table yielded a different

result.
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According to the above conclusions shown in Table 1, interpretation of actual combinations of
the previously mentioned physiological quantities can produce valuable indicators that could
reveal cumulative mental activation in a similar fashion that it could be detected by more
complex and sophisticated settings. In that sense, measured quantities of bio-signals were
treated as indicators of increasing or decreasing traits of values rather than as actual quantities.
An increasing rate of cardiac frequency produced a positive gradient and a decreasing rate
produced a negative gradient respectively. Similarly for stress levels, a positive gradient
denoted by an increasing trend of measured values of STC was indicative to elevating
awareness and a negative gradient shown a decreasing stress level or awareness, subsequently

showing diminishing attentiveness.

The transition from measured physiological quantities to the notion of cumulative brain
workload incorporating emotional, cognitive and affective congregations as states of
engagement was attained through a classification model based on attributes expressed by all
four possible combinations of the above gradients. Two variables such as HR gradient holding
the positive (+) or negative (-) values and similarly for STC, could therefore produce four
possible combinations (i.e. (+,+) : (+,-) : (-,-) : (-,%)). The above four combinations prompted
for an assessment model based on a classification of corresponding levels of brain activation
in four distinct areas of clustered characteristics resembling compliance with one of the most
widely accepted models of emotional allocation (Russell, 1980). For the purposes of the
assessment of states of engagement in a bi-axial representation of measured values as required
by the above model, a relationship between the four combinations of gradients and the four

quadrants of emotional classification of Russell’s circumplex model was devised.
Real time workload analysis carried out according to the above algorithm provided a visualized

assessment of the user’s states of engagement displaying on screen the results derived from

purely subconscious physiological expressions in an unrestricting and unobtrusive manner.
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Effectively the user’s HR provides a credible indication of the state of contentment while the
STC provides an indication of the state of activation seen as a response to sympathetic and
parasympathetic activity respectively. As constituent values, the above two physiological
quantities composed the two major coordinates of emotional composition (i.e. satisfaction and
activation), seen in Figure 1. Each quadrant characterised therefore by the corresponding

gradients of HR and STC respectively (¥ : descending, A : ascending).
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Figure 1: Nomenclature of emotional classification on a bi-axial model

It has to be stressed that the term emotion throughout this assessment is looked as the
instantaneous response expressed by the sympathetic nervous system as a first reaction to a
stimulus as opposed to the longer duration component composed by new and existing
sentimental constituents, (Oatley & Jenkins, 1996). The HR/STC system developed and used
for the experiments and this study has not been designed to measure or identify emotion as it
is perceived in its most widely accepted term that includes influences from longer term
affective, impulsive or conative components such as mood, worries and such like. Cognitive,
emotional or affective components are being treated as a cumulative quantity projected onto a
two dimensional representation of estimated levels of engagement. Subliminal physiological

responses of a learner derived from the HR/STC system are being represented as coordinate
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values in a model of attention and engagement resembling the corresponding allocation of
emotional components in Russell’s circumplex of emotion; as it also uses the concept of bi-
axial representation of valence and arousal. The quantity deduced by the system is processed
to indicate the instantaneous estimate of the focusing involvement of the learner including
emotional, cognitive and memory workload, bearing no reference to emotion or emotional
constituents; However, since the allocation of engagement coincides with the allocation of
distinct emotional elements according to Russell, one could claim that the learner may be
experiencing emotional experiences as those designated on the corresponding quadrant of the

circumplex.

Experimental methodologies for assessing both the efficiency of the system and the
effectiveness of the common gradient excitation behavioural algorithm were studied
thoroughly and a series of four distinct phases of experimental settings was formed. Tests
included system validation, evaluation of system’s performance using previously validated
content causing emotional stimulations, mock-up applications assessing efficiency in simulated
class environments and comparison of system results with those produced by a commercial

product based on facial analysis.

Formal psychological assessment data have been obtained and compiled in order to deduce
relationships and identify individual idiosyncrasies of personality groups through their
respective responses. Statistical analysis has been included emphasising on most important
findings. A discussion concerning the results and conclusions revealed by this study followed
by system limitations and views on future developments and improvements concludes the
essential part of this research work. Contribution to the scientific community is following and
the merits of the system have been laid out in the very last chapter of this text. Application
areas of the system of psychosomatic assessment and examples either in its existing form or

with additional functionality brings this writing to a close.

The structure of this document has been formed according to the following plan. Chapter 2,
includes an in depth analysis of the problems this study was set out to solve and the targets set
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by this research work. Chapter 3 contains a review of relevant literature and supporting contents
highlighting issues that have been ensued in previous studies involving the implementations of
neurophysiological measurements with respect to detecting affective states, also exploring the
most important latest technologies. In chapter 4 the principles of bio-sensing, bio-feedback
techniques and system analysis have been explored, explaining the design and composition of
the electronics through to the software and other contributing components that have been
constructed and incorporated into the system. In chapter 5, a functional description of the
system has been sited followed by an operational description comprising a form of operators
manual. In chapter 6, the experimental sessions conducted for this study have been described
in detail, including all series of experimentation methodologies and procedures, followed by
comments on respective outcomes. Subsequently, in chapter 7, a discussion on the findings and
interpretation of results has been written, extending statistical conclusions to practical
applicability and effectiveness of the system. Chapter 8 presents the problems and limitations
that hindered the aforementioned study, exploring also several suggestions to remedy the above
predicaments. Conclusions drawn from this undertaking and future improvements have also
been included. Chapter 9 has been serving the purpose to portray the usefulness of the system
when used as a tool in real life environments with suggestions and ideas for future application
developments, enhancements and implementations. Towards the end of this writing, have been
included relevant appendices, containing supplementary content with further explanatory
materials and software code. Finally, the reference links of supporting material are concluding

the document.
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2. Problem Definition and Aims

Scientific endeavours in psychology, attempting to identify human emotional predisposition,
affect or feelings for use in systematic educational schemes, rely predominantly on formal
assessment based on self-report evaluations that can be influenced by subjective information
and therefore susceptible to biasing, especially in complex emotional or affective conditions.
Another vulnerability of the above approach becomes obvious when typical process and
interpretation of results needs certain steps of evaluation and statistical analysis in order to
deduce profiling and behavioural aspects rendering formal assessment particularly arduous for
real time applications. Conclusions derived from the above methods subsequently treated as
weighing factors in judgment of performance are rendered ineffective and time-consuming for
use in responsive computer environments where immediate evaluation of psychosomatic
condition is needed. Recent technologies in education and computer based learning also
necessitate immediate and at the same time highly accurate descriptors that would be impartial

and unaffected by the learner.

Advancements in medical instrumentation have been employed for experimentation in
assessing physiological expressions pertaining to focusing attention. When the above results
were looked as an index of learner’s effective motivation have since gained enormous
recognition. Psychosomatic constituents of attention and engagement directly related to
executive mental effort exerted by the learner have been identified by means of assessing
momentous physiological modalities. Effective use of bio-sensing is strongly depended on

special attachments and peculiarities that render their application outside laboratories unusable.

Detection of bio-somatic indicators necessitate novel approaches of un-obstructive acquisition
interfaces in order to eliminate the above obstacles. Such interfaces would then allow for
further study and optimisation of physiological correlates that can produce the psychosomatic
projections of a person accurately and with high precision. Subsequently, inhibited
physiological contribution can be invaluable in responsive applications that can become
dynamically adaptable. Hence the need for development of a new instrument as a flexible tool

for assessing physiological responses is portraying the first problem this study had to resolve.
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The aim of this first part was to design a system from first principles and verify its functionality
and effective use in free space environments. Fulfilment of this first part was imperative as it

would provide an essential tool for accomplishing the next stages of this study.

Next step was to identify and apply approved methodologies that would infer the physiological
readings obtained to their corresponding constructs of focusing involvement as they happen in
real-life. Reviewing existing methodologies and finding the optimal procedures for assessing
physiological responses and subsequently derive correlating factors in conjunction with
activation and engagement was another essential challenge constituting the next aim of this
study with numerous related questions to be answered as found in detail in literature review.
Adaptation of optimised assessment techniques to an appropriate interface design was the next
challenge, incorporating numerous preconceptions aiming to avoid ambiguous conditions
during measurement, making thus the interpretation of data questionable. ldentifying those
quantities derived from the measurements that would furnish reliable and undisputed statistical
parameters for the experimentation analysis was another intermediate objective involving

excessive analysis of experimentation methodologies and optimisation thereon.

Physiological modalities have been combined in several studies and evaluated for effectiveness
in deducing inhibited functionality of the brain, nervous system and clinical pathology
applications. In the context of measuring cumulative brain activity as a method to derive the
level of involvement of a learner, two physiological quantities highly related to detecting
related expressions considered the heart rate and psychological stress descriptor. The above
quantities would only present a useful combination of physiological indicators if used
according to a concrete and established method revealing cumulative psychosomatic

activation. This presented the second problem in this research.

A modelling of the integrated signal acquisition and processing incorporating a credible
algorithm was then required for further study of expressions and verification of the system
capabilities, constituting the next problem. Another major challenge was the optimal selection
of the appropriate tools for validation and presentation of data that would hold the most
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important part of the research and produce the qualitative assessment of this work. An
explanatory and highly descriptive representation of interpreted results was essential to project
the user’s physiological responses onto the screen. The system would also provide
comprehensive classifiers in real time needed for actively adaptive or responsive applications
for personalisation. This particular problem was approached by regarding the above two
physiological quantities as correlates to respective values of valence and arousal, resembling
the biaxial emotional allocation of Russell’s circumplex model of affect (Russell 2003). Certain
steps needed to clarify the ability of the system to perform well according to its design
specification and whether the initial assumptions regarding the graphical representation of the

real-time projection correspond to the actual levels of valence and arousal.

Testing efficiency and the actual capabilities of the system, presented the problem to identify
a convincing set of experimental procedures and perform experiments that would expose
thoroughly the merits of the aforementioned development. Comprehensive experimentation
had to be defined in such a fashion that the credibility of the physiological classifiers would be
evaluated in both independent assessment environments and also in comparison with existing
commercial products. Finally statistical analysis of data obtained from the experiments and
also from formal psychological assessment would be needed aiming to assess additional

correlations between personality groups and their relationships with the system responses.

2.1 Research assumptions

Introduction of digital technologies in education and learning necessitate advancing
technologies extending further than teacher’s skills and evaluations of individual capabilities
of the learner. It was assumed that instruments revealing affective physiological responses
could answer the problem of adaptive personalisation in education more efficiently than
existing methodologies since they could provide valuable inner information of the learner,
more frequently, instantaneously and for each particular event. Exposure of instantaneous

responses with psycho-physiological origins was expected to produce a valuable asset to
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evolving personalised technologies whether they employ event based or trend analysis
methods. Also it was assumed that the advantage of real time processing of the HR/STC
instrument could provide an instant estimate of the active involvement of a learner not possible
with formal educational methods which. Attempting the development of a tool with flexibility
to be used in the class was considered of high importance providing the missing link between
detrimental restrictions of medical devices used in past settings and effective application of the

aforementioned tool in close proximity or distant and unattended environments.

Earlier citings such as those summarised in Table 1, posit that simultaneous excitation of HR
and STC can be considered as credible indicators of emotional constituents. It was thought that
the same excitations as above would verify our views for credible detection of cumulative
involvement as seen from the level of mental involvement expressed in the corresponding
emotional constituents. Experimental analysis was expected to reveal the efficiency of the
system, the effectiveness of the algorithm adopted and the accuracy of inferring constituents of

user involvement. In summary the essential assumptions considered for this research were:

e It was assumed that behavioural assessment of HR and STC seen as quantitative
changes during a learning session is correlated to mental involvement.

e Behavioural assessment of gradient variability was assumed that it could produce
credible indications of focusing involvement and engagement.
e Enhancements in the class utilising bio-sensing was assumed that they could provide

an impartial real time input to dynamically adaptive educational systems when used as
an indicator of assimilation and as a predictor of the subliminal capacities of the learner.
e |t was assumed that the HR/STC device could improve performance in education,
learning and communication when used to provide a feedback in responsive and
adaptive personalisation.
e It has been assumed that communicating physiological expressions would be a

complementary tool and an improvement over formal appraisal and teaching methods.
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It was anticipated that the HR/STC device will provide the missing link between
existing technologies and flexibility for use in the class for adaptive learning and
personalisation as such an instrument is not available to date.

Finally it was assumed that detecting sudden and large alterations in HR and STC would
be indicators of vivid psychosomatic conditions that could not be identified previously
by any other tools, opening doors to new areas of application in forms of education

designed for people with special needs.
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3. Literature Review

This interdisciplinary research study spans into several and somewhat diverse scientific fields,
more specifically, human physiology, biological signal acquisition, analogue and digital
electronics, analogue and digital signal processing, medical equipment technologies,
educational, cognitive and behavioural psychology, Human Computer Interaction, (HCI) and
software development for adaptive computing educational environments. As the stretch into
the above scientific areas entails a substantial amount of background supporting material it was
considered appropriate to regulate the extent of each discipline accordingly. For this purpose,
background material has been narrowed down to the breadth and depth of contribution and
influence of each area in the overall research work. Along these lines long-drawn-out and in-
depth descriptions have been circumvented, replaced by a selectively co-ordinated sequence of
topics that has been adopted so that the gap that this study has attempted to fill would be
demonstrated thoroughly.

Staying on course with the predominant tenets of this study while theories and supporting notes
come from several scientific fields as mentioned above, diverse views of areas under discussion
may obscure exemplification and that could be a shortcoming if not approached systematically.
Therefore, the layout of this review was structured around a stem of the notion looking at how
digital technologies have affected educational technologies; assess the effectiveness of existing
methodologies and look at novel perceptions applied to adaptation and personalisation in
learning, education and communication. Pivoted around technological capabilities and
scientific tools that emerged in the disciplines mentioned previously, an assessment was made
including applied concepts and instrumentation that educators could use in order to improve
their educational aims. The analysis next has been focusing on the justification of the
improvement of educational efficiency that could be achieved by novel ideas such as the one
introduced in this study when intertwined so that they could enhance teaching and learning
practices. Experimental approaches and data processing methods appropriate for each scientific
area have been explored next as they were necessary to optimise the selection of methodologies
adopted and employed herein. Eventually, as the reader reaches the final sections of this chapter
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has been expected to have acquired all necessary background information required for
understanding the effort, composition and the accomplishment envisaged in this text.

The formation of this review, onsets with an exploration of specific generic concepts, which
led to the first principles of operation of devices subsequently applied in physiological
measurements. The merits of the aforementioned concepts eventually were acknowledged and
developed into established methods for the detection of inhibited human expressions. A
reference to major discoveries, ideas and devised techniques employed for the acquisition of
modals that could help to interpret psycho-physiological conditions was found next.
Background information required for basic understanding of acquisition and transformation of
biological signals for use in intelligent responsive and Adaptive Computer Environments was
also quoted. Relevant definitions, approaches and methodologies that could be applied to
educational frameworks were then investigated. Available rules and regulations in adaptive
environments, psycho-physiological assessment platforms and pitfalls were then looked into.

3.1 Scientific Evolution and Relevant Technologies

Since the very beginning of the documented historical findings of human evolution, there are
non-scientific references to electricity in some form of physical phenomenon like lightning or
in paradoxical phenomena encountered in the animal kingdom; for example incidents like
electrification by contact with a sheatfish or an electric eel. At first, an electric surge was treated
as an enigmatic concept getting acknowledgement as a form of energy created by nature.
Generating electricity and electrical properties were also discovered progressively and in
various forms, (Alexander Volta 1800: electric accumulator, Michael Faraday 1831:
electromagnetic properties), creating fascinating new areas for research. Scientists explored the
possibilities to use electricity in order to carry out a multitude of experiments in many areas
such as conductivity of materials, chemistry, physics, and biology in order to investigate
possible applications in everyday life. Eventually, production of electric flux was achieved in
the form of static electricity (Van Der Graaf, 1901). Progressively scientists attempted to study
the effects of electricity in conjunction with the electrical properties of the human body in

particular. One interesting research was dedicated to assess the effects and reactions of the
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human body in relation to various forms of electrical signals. The latter led to the discovery of
a new scientific area that exposed permeability characteristics of the human body (Lykken &
Venables, 1971). For the first time the human electrochemical properties, the conductive
properties of tissue, the electrical characteristics of the nervous system end successively the
congregating potentials causing muscular activation and motion were investigated. In 1939,
Hodgkin and Huxley demonstrated their discovery on electrical conductivity of neurons and
eventually the electrochemical brain activity was exposed. As the electrical properties of the
human body became uncovered, they were classified as either brain mediated stimuli to
muscular tissue or inductively produced electrical activity originating from the neuronal

conductivity taking place in the brain tissue (K - SO2 depolarisation).

Eventually, a new science called ‘radio engineering’ was propagated from the invention of the
telegraph in the end of 19™ century end eventually progressed to the science of ‘Electronics’
in the middle of the twentieth century when the tube and radio communication evolved. This
new discipline moved the use of electricity forward into a new dimension, supplemented by
inventions like the radio and television. In 1948 a new fundamental invention took place named
‘Transistor’. This electronic component allowed the implementation of signal amplification
and transformation into different forms like audio and thermal printing. Around 1950’s the first
concept of Electronics for Medicine emerged, giving birth to a new scientific area of Medical
Electronics, dealing with the detection processing and presentation of biological quantities for
medical use. In 1960 the development of integrated circuits (IC’s), enabled the rapid
development of smaller in size, faster and more accurate electronic circuits like the “instruction
fetch-execute” (IFE) model processing units and shrewd designs that brought enough

modulation speed for colour television and high speed communication.

Progress in applied sciences and physics revealed that minute natural quantities can be detected
by using chemical, magnetic or electrical sensing components. Physical quantities like force or
temperature could be then not only represented from a distance but also be made available in
other forms like records or printouts. Studies employing collaborating scientific efforts coming
from the areas of medical electronics combined with physics, physiology and psychology

produced the first direct readings of certain properties of the human body in form of electrical
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activity such as cardiac pulsation, brain activity, muscular activity, psychological stress loading
etc. Electrical conductivity taking place in the human body as a result of chemical reactions
inside cells at a molecular level and conductors in a systems level have been thoroughly
documented in corresponding literature for clinical physiology, (Lykken & Venables, 1971)
and medical electronics literature respectively (Horowitz & Hill, (1989). The science of
electronics, in conjunction with progress made in material properties advanced the
revolutionary forms and applications of the transistor, giving greater design flexibility and
enhanced precision. Boolean algebra and theoretical mathematics combined to form the logic
algebra that when implemented in electronic circuitry evolved into computer logic and general
purpose circuits that could execute program instructions like addition, subtraction,
multiplication and division. Those specific circuits could then be integrated into the IFE models
and eventually progressed to Computer Processing Units (CPU’s) like those found today in
Personal Computers (PC’s). A vast amount of human resources dedicated to developing
programs for computer applications ranging from the industries and manufacturing to
production, logistics, banking, communication and literally every area of our life has been
simplified and improved dramatically after the proliferation of computing and computer

systems.

In the early years of computer evolution dictions like ‘Computers can recognize inner thoughts
of humans, like mental activity, affective state or emotion’ seemed far from real and
contemplated as rather fictional. People of that time would rather react offensively and be very
reluctant to accept such a prospective to happen in the real world since computer technology
those days could cater for arithmetic calculations and limited graphics capabilities. Sensing and
instrumentation was then in its infancy and that made it difficult to justify a method that would
devise or sense quantities that even humans themselves lack the means to perceive and
stipulate. One would have thought that as a computer is a programmable machine that can only
perform pre-programmed tasks and since attributes like emotion and psychological conditions
could not be expressed in physical quantities that notion was considered for many years a
technological exaggeration even by people with substantial amount of knowledge of the

computer operational capabilities. This reservation was understandable since the electronic
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circuits that consequently composed the computer processor developed from one simple
operational property; that of a switch.

Looking in depth at first principles, one can understand how a simple concept if used
intelligently could help to build more complex systems like today’s computers. For instance,
two switches connected in cascade could let the input get through to the output if both
activated/deactivated simultaneously, producing thus a logic result of an AND circuit.
Similarly, two switches connected in parallel can present the input signal in the output if either
of the two switches were activated/deactivated, producing thus a logic result of an OR circuit.
Combinations of the above circuits can produce adders and calculation circuits, transfer of
values (registers) when triggered by a pulse (clock), retain or forward last input value (latch),
last state retrieval (forwarders) and many components of today’s computer processor circuitry

and storage components.

The first components using those primitive forms of computing power to present simplified
logic functionality were the Finite-State-Machines (FSMs), used for dosage or item selection
in vending machines and such like. The introduction of triggered servicing to the processors
(Interrupt Service Routines) enabled sequential reiterating processing as stands until to date.
Interrupt driven processing enhanced the static logic concept by introducing a dynamic
repetitive instruction execution model that could perform a number of activities such as data
and memory transfer, scanning of peripheral devices like a keyboard or a mouse and serve
many processes and calculations for many tasks. Conclusively, although since then
unprecedented progress has been made in computing and software applications improving most
professional, scientific, communication, industrial and other areas, the detection of quantities

like cognitive load, emotion, feelings or affect has proved to be very intricate.

Progress in medical electronics and physics eventually helped to establish the capability to
interconnect processing units with sensing elements. Readings of ambient thermal energy or
chemical composition of organic materials was made possible by employing resistive
temperature sensors and electro-chemical PH sensors. Further advancements in signal

processing and instrumentation have given birth to a vast area of applications in sensing and
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monitoring systems. Improved processing speed and accuracy made processors ideal for
applications in most areas of science, the industries and commerce, offering flexible and
convenient representation of data. Applications in sensing of physical measures such as
temperature, weight, altitude, flow etc., was based on alterations of chemical (e.g. oxidation),
or electromechanical (e.g. stress/load sensors) properties of certain materials occurring under
certain conditions. Just as sensing of primary quantities like temperature or weight was made
possible, similarly, secondary quantities could then be derived indirectly. Human ingenuity and
inventiveness, combining the above capabilities in application areas such as those in medical
technologies and patient monitoring has developed a number of relevant devices improving
dramatically patient diagnostics, clinical assessment and monitoring. In order to gain a better
understanding of the human assessment model that would demonstrate and clarify the
possibilities to achieve detection of some forms of the undisclosed inner self, a review of

relevant biological and physiological narrative has been set out.

3.2 Physiological Correlates of Psychosomatic Disposition

To begin with, one should imagine a human body resolved in a perfectly balanced somatic,
physiological, pathological and emotional condition termed in physiology as the ideal state of
‘homeostatic balance’. The brain achieves homeostasis by maintaining equilibrium in the
somatic system which induces or suppresses activating agents via its sympathetic and
parasympathetic subsystems respectively (Tortora & Grabowski, 2006). By nature human
beings when attempting to observe or sense their current mental activity they recognize that
they have no means to substantiate expounded or rationalised quantification of cognitive or
other mental processes as they take place in their brain. Expressions of psychological reactions
transmitted as hormonal, neuron-mediated or combined responses associated to emotional
stimuli have no imprint that can be identified and recognised by human cognitive capabilities
as it happens for example with hunger, thirst, pain or similar feelings. Although the
homeostatic balance in both, the Autonomic Nervous System (ANS) and the Somatic System
(SS) is disturbed and altered during an affective condition, the human brain reacts to
sentimental stimulations similarly to that of many other physical stresses in an attempt to

counterbalance the disproportionate equilibrium states with a response via the Sympathetic

Page | 22



Chapter 3: Literature Review

Nervous System (SNS). While the above condition has been counteracted and begins to fade
out, the somatic system counterbalances the after effects initiating an equalizing response via
the Parasympathetic Nervous System (PNS). Studies in human physiology have established
strong biological correlations between chemical secretions accomplishing mental processes
and psychosomatic responses which develop into observable forms of expressions. The above
processes arbitrated by the brain and expressed as interventions via the somatic nervous system
have been the focusing field of study of psycho-physiology. Subliminal assessment has been a
major subject of study by employing formal psychological assessment as well as facial
expression appraisal. Verification of the presence of the above brain activities has been
achieved by studying models of affective stimulation-reaction measurements in vitro using
laboratory instrumentation like Electro-Encephalo-Gram (EEG) and functional Magnetic
Resonance Imaging (fMRI). The above techniques are being used extensively in medical
diagnosis and due its sheer size, only relevant literature has been included in the appendices
accompanying this document.

3.3 Biological Instrumentation

Traditional applied methodologies for deriving state of attention and user engagement have
been based upon interpreting external characteristics such as postural archetypes, facial
expression, and neuromuscular activity in an effort to identify indirectly hedonic levels of
satisfaction by using empirical protocols. Wedding conventional methodologies of learning,
education and assessment with a systematic classification of physiological responses becomes
therefore a promising area in improving educational effectiveness posing nevertheless a
number of serious practical impediments. Studies to date (Phan et al., 2003) have produced
corroborate proof that emotional reactivity can be identified and substantiated by using
combined instrumentation for measuring Electroencephalography (EEG), Electromyography
(EMG), functional Magnetic Resonance Imaging (FMRI), Electrocardiography ECG), Skin
Conductance (SC) and Respiration Rate (RR). Technologies and principles of operation of the
above equipment vary, however, accuracy and dependability of readings allowed to be
established in use by medical doctors in clinical practice. Stringent rules for approval in

medical sciences ascertain beyond any doubt the credibility and accuracy of related equipment.
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An assessment of the capabilities of the above technologies against each other when used for
the purpose of detection of psychosomatic condition is necessary, exploiting particular
advantages and disadvantages of each technology. Also relations between combined
technologies have to be analysed in order to reach an optimisation of nursing capabilities that

can be achieved.

EEG, is based on a high sensitivity multi-node micro-electrical signal amplifier which is
applying advanced signal processing in order to produce actual neuronal activity of the brain
in a form of frequencies in the range 4-40 Hz. Figure 3.2 shows an EEG diagnostic test setup,
demonstrating among others the significant limitations imposed on the subject as far as

movement restrictions is concerned.

Figure 3.3.1 EEG measurement session

Frequencies deduced are often grouped in sequence and are known as bands. Theta band, for
example, is the name given to frequencies ranging from 4 to 8 Hz. These bands reflect specific
and different cognitive processing abilities in specific areas of the brain (Lubar et al. 1995).
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Thus, the computation and analysis of frequency bands within power spectral density (PSD)
combined with numerous researches on alertness and attention provides a powerful tool for
monitoring and mapping mental engagement. As previously mentioned, (Pope et al. 1995)
developed an engagement index using three EEG bands: Theta (4-8 Hz), Alpha (8-13 Hz) and
Beta (13-22 Hz), at a ratio Beta / (Alpha + Theta). This ratio was found as the most effective
when validated and compared with many other indices (Freeman et al. 1999). Engagement
index is calculated by applying a Fast Fourier transformation to convert the EEG signal from
each active site into a power spectrum. Bin powers (the estimated power over 1Hz) were
summed together with respect to each band in order to compute total power and produce the
EEG band ratio. Combined power is the sum of band power computed from each measured
scalp site. The EEG engagement index at instant T is computed by averaging each engagement
ratio within a sliding window of time preceding the instant T. Two methods have been used to
deduce this index. 1) The slope method, i.e. the slope of successively derived engagement
indexes (say every 2s) is calculated. More importantly the sign, negative (Low engagement
tendency) or positive (high engagement tendency) is also considered. 2) The absolute method,
where an engagement threshold is calculated by averaging engagement index values over a
period of time prior to testing (baseline). During task performance, engagement index
exceeding the threshold is considered positive and values below the threshold negative.

fMRI can be considered as an enhanced version of Magnetic Resonance Imaging (MRI) that
measures metabolic function by detecting blood oxygenation. It employs a strong magnetic
field of about 3 Teslas (around 50,000 times the size of the Earth’s magnetic field) and relies
upon the presumption that neuron activation and oxygen consumption in the brain are
interrelated. Measurement is showing the hemodynamic response of brain tissue in activation
maps and its value relies upon its own individual units known as ‘voxels’. The ‘activity’ in a
voxel is defined as how closely the time-course of the signal from that voxel matches the
expected time-course. VVoxels whose signal corresponds tightly (i.e. stimulus to hemodynamic
response time is small) are given a high activation score, voxels showing no correlation have a
low score and voxels showing the opposite (deactivation) are given a negative score. These can

then be translated into colour coded activation maps.
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Electro Myo-Graphy (EMG) is a technique based upon detecting electrical activity of kinetic
muscles that is subsequently associated to specific actions. An EMG instrument is used for
indirect derivation of emotional expression by measuring contractions of facial and eye muscle
in particular. Similarly it is used in experimentation involving multimodal acquisition as a
complementary recording for event synchronisation and verification of event timing. Other
uses involve muscular efficiency and activation monitoring for clinical treatment in

physiotherapy and rehabilitation.

Electro-Dermal Response (EDR) was considered by Venables and Christie (1980) and Fowles
(2007) highly important because of the involvement of the sweat glands that essentially create
this measurement. Since sweat gland activity, in turn, is controlled by sympathetic nerve
activity, this measurement has been considered as an ideal way to monitor direct activity of the

autonomic nervous system.

Indirectly EDR represents a proportionate manifestation to stimulations of the sympathetic
nervous system. There is a distinction however whether the measurement is of the tonic level
(L) type, or the time-varying (phasic) response (R) type. Tonic level is the trait of responses
representing responses above or below a baseline while the phasic response indicates
immediate measurements with amplitude representing vigour and pulse width the sharpness of
the expression (Malmivuo & Plonsey, 1995). In continuous measurements when the skin
resistance (SR) method is employed, the stability of measurement is decaying and also
acquisition is affected by body temperature; therefore repeatability of measurements becomes
unreliable. A major breakthrough has been achieved in the principle employed in our design of
the psychological stress measurement system by implementing a novel approach for
acquisition based on current measurement instead of voltage measurement as is the case in
most devices. Measurement is obtained by a repeatedly fed back micro-current signal (in the
order of 0.06 pA) in combination with a trans-conductance feedback loop amplifier obtaining
a self-regulated output with high linearity and stability. The aforementioned concept is proven
from many high precision electronic circuits and it is particularly efficient in long term high
sensitivity equipment like seismographic devices and laser alignment instruments used in

medical equipment.
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3.4 Evolution of Educational Technologies

In recent years the new era of digital and information technologies in general have transformed
education significantly altering presentation of information and offering unprecedented
capabilities and tools to the educators. Historically, the role of technology in education has
always been closely linked with conveying information and teaching. Since the early days of
scripting and writing people were seeking ways to leave indelibly their thoughts and messages
to later generations. In the old days as stated in the Bible, Moses wrote the Ten Commandments
carved into a stone around the 7th century BC, while later on the scripts were mainly written
on papyrus. Regardless of all efforts made in ancient times to preserve written material for
future generations the means of documentation was underdeveloped and cumbersome for the

largest part of the society.

A method that seemed to be more easily accessible to everyone was oral education relying
upon passing on learning to the next generations as found in ancient Greece were Homer’s Iliad
and the Odyssey were two indicative samples of the first audio learning methodologies. The
only possibility that a context could continue to exist in the minds of the next generations was
to be recited and memorised again. Scripts of the above work were found after the 5™ century
BC when the value of reminding the original story rather than distorting it progressively
through generations was appreciated. In about 1200 AD, the term “lecture” evolved sourcing
from the Latin “to read” as the scrolled manuscripts were first used written by monks. Around
the same period of time, in India, had begun to use slate-boards, although the first use of
blackboards has been reported to be used in schools only in the turn of the 18" century. During
the 2" world war the U.S. Army first used overhead projectors in training urged by the needs
to train military personnel (Reiser, 2002) and around 1990 the electronic projectors and
PowerPoint emerged as a revolutionary tool for presentation advancing educational

technologies to the point of enhanced visual presentation.

The major leap forward brought by the aforementioned technologies was the matching of visual
and oral expression that improved consistency in teaching considerably by eliminating possible

misinterpretations of context since perception was verified by both oral and visual resources.
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Although the use of technological tools for presentation was primarily invented for business
and military briefings, the concept was soon established in educational fields as well.

In spite that other tools like the telephone which was discovered in the late 1870’s, it wasn’t
used as an educational tool before around the 1970’s when the concept of distance learning was
born, (Harting & Erthal, 2005), helped by the drop in costs of telecommunication. Video-
conferencing came out as the solution to bridge not only travelling costs but also importantly
to cover educational or business needs in many places simultaneously. Progress in video
compression technologies and cheaper computer storage has supplemented the outbreak of
recorded lectures and entire distant learning courses as early as the beginning of the year 2000.
After 2008 the above tools were offered in form of live-streaming in form of webinars and live
lecture broadcasting allowing one to attend from literally any place on earth.

Recently introduced advanced interconnection facilities available in the developed world by
the Internet can only be paralleled to the invention of the printing press in the 15" century
which however, was the pioneer of formal education as it promoted literacy and the need to
become more analytical and knowledgeable by spreading a surplus of written documents in all
subjects of interest. Other concepts of education owing particularly to developments in
transport and cost effective mail infrastructure formed by Universities, known as formal
correspondence education. In 1969 the Open University (OU) was established in the United
Kingdom incorporating a combination of video and written material from the British
Broadcasting Corporation (BBC) that was involved in the first educational programs since the

1960’s, offering integrated degree courses.

Latest developments of web-based educational platforms have displaced the until recently
growing television based education diminishing the drawbacks of higher production costs,
opposition from educators, local language stereotypes and cultural issues and even the lack of
electricity in some places. Reduction of costs and the lecture capture technology has added to
previous technologies the advantage to enable attendance and repeat viewing of lectures at a
time and place of their choice, through an Internet connection. Massachusetts Institute of
Technology (MIT) began a program offering its recorded lectures to the public free of charge

via the Open Courseware project in 2002. This was the beginning of a new era since previous
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dedicated Learning Management Systems (LMS’s), required supervisory intervention by
instructors and tutors for each effectively redesigned course environment, however,
technologies for lecture streaming required no changes in course design whatsoever. YouTube
was conceived in 2005 presenting an educational source in a multitude of topics from general,
technical and advisory to scientific fields and has been used gradually until now for short
educational clips that can be downloaded and integrated into complete courses.

Computer Based Learning (CBL) was aiming to produce a computerised version of learning
by forming structured information integrating sessions for testing learners’ knowledge, and it
could therefore provide targeted feedback to learners, with no need of human intervention
beyond the initial design of relevant hardware, software and content including teaching and
assessment material. Fred Skinner started experimenting with teaching machines that made use
of programmed learning in 1952, based on the theory of behaviourism. Skinner became famous
for his theory of operand behaviour and operand conditioning and he demonstrated that humans
behave according to consequences from previous familiar stimuli. Human behaviour has been
shown to be prominently influenced by positive, negative reinforcement or both in the sense of
strengthening their action by using experiences from others. Many more theories were
developed explaining human perception, learning and thinking processes from famous
psychologists (Freud, Grace et al.) providing constructive background material when it comes
to designing graded CBL courses. One of the most widely accepted theory to date is that of
Jean Piaget, who asserts that humans since their early age go through a number of fixed stages
on their way to independent thinking, known as the “theory on cognitive development”.
Artificial intelligence (Al) environments started in the mid-1980’s to replicate teaching
processes on arithmetic and selected subjects with hardly any promising results so far. The
reason that Al has proved difficult to produce respectable scores in teaching was that it was
found difficult to cope with the extraordinary variety of ways and complexity in which students
learn. Cognitive neurosciences have also attempted to designate the established rules of the
science that govern and predict specific learning behaviours. (Koedinger et. al., 2004). For the
purpose of this study however, educational technology developments were mostly studied as

viewed in terms of assessing engaging conditions and vivid emotional reactions. 4
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Learning Management Systems (LMS’s) were essentially successors and outcome of the World
Wide Web around the mid-1990’s enabling users of the internet to create and link documents
and digital media with flexible code independent tools incorporated into a web browser. Search
engines fulfilled the task to simplify previously laborious tasks to cope with substantial amount
of relevant information. LMS’s apart from instant performance scoring introduced completely
new types of information unknown before such as response times, study duration, optimal time

before fatigue of the learner and more.

More recently we have seen the development of adaptive learning, which analyses learners’
responses then re-directs them to the most appropriate content area, based on rated performance
criteria. Learning analytics, effectively collect data about learner activities and relate them to
other data, such as student performance, progress assessment and scoring, (Mourlas, Tsianos
& Germanakos, 2008).

Proving that a specific educational methodology is effective has been an arduous task due to
the fact that general scope teaching methods cannot cater for particular learner capabilities or
make provision for particular learning idiosyncrasies. Individual student abilities and needs,
distinct personality, learning capacities, personal aptitudes, psychological profiles, personal
motivation, environmental and cultural factors or even nutrition and physical condition and
fitness are all contributing factors affecting the maximum potential of the learner’s abilities to

perceive, comprehend and memorize a particular context, (Haapalainen, et al., 2010).

Efforts to stretch beyond the conventional teaching methods employing behaviourism,
constructivism or even methods based upon activity theories applied by tutors, have led to
extensive research and the development of numerous psychological tests. Methodical
assessment employing the above tests constituting batteries of formal psychological assessment
can reveal distinctive characteristics for each student individually providing a discreet
classification into personal profiles. Student profiling has been adopted by educators and
teachers as an invaluable input for the selection of the above teaching techniques and

methodologies in the classroom.
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3.5 Personality Profiles and their Role in Education

Searching for optimised methods for classification and assessment of personality
characteristics and aptitudes, psychologists have adopted a number of theories beginning with
Allport and Odbert as early as in year 1936, next by Cattell in 1957 and later in 1967 by
Norman who finalised the most prominent method in use to date standing as the “Big five
theory” (Digman, 1990). In that, personal or personality profiles designate the levels of
favourite inclinations towards one of five distinct personality indicators identified in the group
areas of inventiveness / openness, conscientiousness / carelessness, extraversion / reservation,
agreeableness / uncompromising and neuroticism / confidence. The Big Five Theory is
effectively a template used to identify five distinct personality factors as a midpoint for each
individual;, Openness to Experience, Conscientiousness, Extraversion, Agreeableness, and
Neuroticism (OCEAN). Each of the five factors has six distinct facets as referenced below
since they have complemented the experimental procedures used in this text.

Openness to experience focuses on the tendency towards art, beauty and general perception to

novelty. The facets for openness to experience are:

o Aesthetics: strong appreciation of art and beauty; enthusiastic about poetry, art, and
music

o Actions: willing to explore new challenges, try new foods, and experiment with new
activities

o Fantasy: active mental life and strong imagination; rich and creative personal life

o Feelings: interested in someone’s own feelings and emotions; feel emotions very
intensely

« Ideas: intellectual curiosity; enjoys philosophical idealistic arguments and brain-teasers

e Values: ready to explore and evaluate other people’s social, political, and religious

values

Individuals who score high on openness to experience are expected to be very creative and
willing to new ideas and activities. They typically possess a rich and satisfying internal life,
often spending their time thinking about concepts and artwork seen recently. In contrast, those

Page | 31



Chapter 3: Literature Review

who score low on openness to experience are more inclined toward conventional thought. Their

interests are supposed to be narrow and they tend to be practical and realistic.

Conscientiousness exposes characteristics pertaining to organization and perseverance. The six

facets of conscientiousness are:

« Order: enjoys tidiness and methodical approach to tasks; neatness in life

o Competence: capability to deal with challenging experiences in life and difficult
circumstances

o Achievement-Striving: willingness to work hard; strongly goal-driven personality

« Self-Discipline: ability to follow through with tasks while controlling distraction

o Dutifulness: governed by conscience; very dogmatic in values

« Deliberation: tendency to carefully contemplate decisions before acting

High scorers on conscientiousness tend to be hard workers and very dependable. You are likely
to see a high scorer creating many to-do lists and breaking down large goals into achievable
steps. High scorers pay attention to proper organization and take a methodical approach to
achieve their goals. They are prepared to dedicate an enormous amount of effort to succeed.
Those who score low on Conscientiousness tend to be more impulsive and laid-back. They are
usually characterized as spontaneous in their approach to academic and vocational situations.
They go with the flow and refrain from schedules and concrete plans.

Extraversion focuses on sociability and locating where individuals derive their energy from.
Low scores on this dimension tend to indicate a more internal source of energy, while high

scores denote an external source of energy. The six facets of extraversion are:

o Warmth: easily developing close attachments to other people; friendly and affectionate

« Excitement-Seeking: longing for excitement and stimulation; preference for intense life

o Positive Emotions: tendency to experience positive emotions; partiality towards
optimism

o Gregariousness: preferring the company of others; avoidance of being alone

o Assertiveness: tendency to lead and dominate social situations
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o Activity: energetic disposition; fast-paced lifestyle and tendency towards a busy life

Individuals who score high on extraversion tend to prefer to be with and in the presence of
other people. In most cases they present the “life source of the party”. They favour being
underlined focus of attention and frequently engage in thrill-seeking behaviours. They leave
social occasions feeling excited and full of energy. Low scorers on extraversion tend to be more
introverted, talking very little and reserved in nature. They feel drained and exhausted when
surrounded by people. They prefer more solo pursuits, like reading. Their lifestyles are more

slow and deliberate, and they possess an inclination towards quietness.

Agreeableness indicates the closeness of a person to the idea of trust, honesty and compliance.
Individuals who are agreeable tend to be more straightforward and to the point by nature. The

six facets are:

e Trust: inclined to believe that others are honest and well-intentioned

« Straightforwardness: sincere and genuine in expression of opinions and thoughts

e Modesty: humbleness in speaking of own accomplishments

o Altruism: strongly moved by and dedicated to the promotion of the well-being of others;
extremely generous

« Compliance: inhibition of aggression, deference to others in interpersonal conflict

e Tender-mindedness: highly sympathetic and concerned about others

High scorers on agreeableness are typically mild-mannered interpersonally. They tend to
remain loyal and look for the best in everyone they meet. They can be thought on to be
generous, honest, dependable, and very concerned about the well-being of others. Individuals
who score low on agreeableness tent to be more suspicious of the motives of those they come
across. They are frequently cynical and sceptical about the world around them. Additionally,

they are more willing to use flattery or craftiness to gain favour with others.

Neuroticism focuses on tendencies of an individual to concentrate on the experience of negative
emotions. Individuals who fall in the neurotic category tend to be more prone to mood swings

and emotional reactivity. The six facets of neuroticism are:
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e Anxiety: fearfulness, restlessness, tenseness

o Depression: propensity to experience depressive symptoms, such as loss of energy,
difficulty concentrating, and issues with sleep

o Self-Consciousness: discomfort around others; frequent experiences of shame and
embarrassment

e Angry Hostility: tendency to experience frustration and bitterness, as well as anger

o Impulsiveness: inability to control cravings or urges

e Vulnerability: difficulty contending with stress; dependence on others for support

Those who score high on neuroticism tend to experience negative emotions very intensely and
have difficulty controlling these emotions when they arise. They are more vulnerable to
psychological distress than individuals who score lower on this facet and tend to pay a
significant amount of attention to their own behaviour in interpersonal situations. Low scorers
on neuroticism are typically more stable in their experience of emotions. They are more calm
and relaxed in times of stress and tend to be quite slow to anger. They usually trust their ability

to handle stressful situations and do not internalize awkward social situations.

It should be mentioned for the model of big five that a high or low score on any particular
factor is not necessarily distinguishing between good and bad. For example, there are situations
where being more compliant and inclined to trust others is beneficial and there are other
situations where a more sceptical approach would be the wisest choice.

Another dimension of personality is explored by trait anxiety which expresses neuroticism
versus emotional stability. Trait anxiety tests reveal a person’s stable perception and tendency
to attend to, experience and report stressful emotions like worries or fear during a situation of
negative valence and arousal. Trait anxiety is thought to reflect a cognitive-perceptual bias. In
the perceptual level, expresses an excessive attentional bias to threatening stimuli. At the
cognitive level has been observed a distorted negative interpretation of information promoting
anxious responses. At the level of memory there is a disproportionately high recall of

threatening information, (Benetti & Kambouropoulos, 2006). In this study the use of trait
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anxiety manikin is aiming to deduce adaptation levels of the learner in correlation with the
direct measurement of psychological stress level deduced by STC.

3.6 Psychosomatic Disposition During the Course of Learning

Although the topic of cerebral workload has been explored extensively by bio physiologists,
medical scientists and psychologists for the past 40 years, there is no unanimously defined nor
a collectively established definition. Wickens, (2012), refers to the term "workload" as not even
used widely before the 1970's and that the operational definitions of workload from various
fields are in conflict regarding its mechanisms of composition, quantified methods to reproduce
and concrete measurement.” Constituents of workload in the most commonly accepted theories

have been divided in three major categories:

I.  the magnitude of work and number of tasks,
Il.  time duration and segments of time where one is highly concerned,
I1l.  and finally the psychological experiences that the human operator is subjected to
(Lysaght, Hill et al. 1989).

As a conceptual construct, workload is contemplated as a latent or an intervening variable,
representing immediate demands for mental activity imposed on humans during interaction
between engaging tasks. (Gopher & Donchin, 1986). As capabilities and effort vary between
humans in the context of specific situations the workload was thought to be depending on
multiple parameters and was characterized as multidimensional and multifaceted, (Hancock &
Caird, 1993). Multiple resources that constitute the brain activities involved during workload
have been identified as memory, cognitive, perception, visual, emotional, motor and evaluation
processes, (Wickens, 2008). Memory has been defined in terms of physiology as a very broad
function engaging various areas of the brain with different characteristics of potency and
intensity. In terms of psychology it has been effectively approached as a capacity of the brain
to store and revoke information with different attributes and therefore different abilities have
been associated with distinct systems (Craik & Jennings, 1997). Memory functions have been
recognized selectively through impaired clinical cases and individual testing; however, there is

no commonly accepted view as to the number of memory systems, as they are viewed from
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different psychological perspectives. As a general rule, a view of five distinct types of memory,
has been adopted; “Semantic memory” and “episodic memory” (jointly called declarative or
explicit memory), “procedural memory” and “priming or perceptual learning” (jointly called
non-declarative or implicit memory) and “working memory” or simply memory (Sherry &
Schacter, 1987). The first four memory systems constitute the long term memory systems and
working memory is known otherwise as short term memory. Semantic memory is dealing with
processes related to facts. Episodic memory is related to historical and biographical
sentimentalities. Procedural memory is activity pertaining to performance of skills. Priming
memory is facilitated by prior exposure to a stimulus. Finally working memory is a form of

short term manipulation of information involving processing of recently realised stimuli.

A number of scientific assessment methods of the above forms of memory are indicatively:
Wechsler Memory Scale, Rey Auditory Verbal Learning, California Verbal Learning Test,
Cambridge Prospective Memory Test, Rivermead Behavioural Memory test, Test of Memory
and Learning and other. The subject of memory function has been cited extensively by a vast
amount of literature and scientific material, methodically expanding into areas such as
cognitive functioning, visuo-spatial information processing and memory involvement in
emotion. For the purposes of this study, memory function and its short term component in
particular is seen merely as one constituent of the cerebral workload that is assessed
quantitatively by neurophysiological measurements of HR/STC. Also cognitive, visual, motor
activities and associated processes have not been looked into any further as they are not
differentiated in this study but instead they are seen as components of the overall cumulative

involvement of the participant.

3.7 Mental Workload and Attention

Workload has been widely recognised as a mental construct incorporating the accumulated
mental effort exerted when performing one or more tasks under specific conditions (Cain,
2007). The capacity of the operator to respond to certain demands of a task can also be affected
by external factors such as disruption, noise etc., while emotional components have been found

to also affect decision making (Bechara, 2004). Frequently psychologists classify emotion
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within the conceptual framework of rational cognitivism, (Lazarus, 1982: Oshner & Gross,
2005). Cognition refers to mental processes pertaining to memory, language, attention,
decision making and problem solving; however, emotion has been confirmed also as a
cognitive activity (Ossner & Gross, 2005). References also made in the above literature
demonstrate cognitive involvement of emotion in numerous experiments of emotional
regulation. Experiments in neuroscience have demonstrated the interdependence between
emotion and activities that previously required only rational thought such as decision-making

and problem-solving (Damasio, 1995).

Analogous studies expand the effects of emotion beyond mental workload into attention and
decision making, through experiments on humans with emotional impairments, (Schupp et al.,
2006). Event-related emotional stimulation to the above participants has shown impairment in
concentration, decision making and inhibiting attention. In the context of experimental
attention assessment by using the HR/STC system all the above processes that require cognitive
involvement can therefore be considered interrelated mental tasks involving different

functional channels.

The effectiveness of mental workload assessment has been established by psycho-
physiological experimental methodologies such as psychometric testing, self-assessment,
behaviour and personality assessment. A highly flexible, accurate and dependable integrated
instrumentation system that would measure combined physiological responses in vitro has been
considered a good step forward in order to correlate mental workload with actual subconscious
physiological responses. Measurements that could produce an indication of mental workload
necessitate readings of direct and indirect reactions to stimuli caused by properly designed
workload tasks; however, studies carried out in past experiments were mainly restricted to
laboratory environments as they were constrained by the need for use of attachments,
electrodes, headsets or other devices. The above restrictions cause a multitude of negative
effects in the accuracy of measurements as postural and kinetic limitations preventing the
freedom of expression and also more important restrictions such as the psychological load
imposed on the subject by consciously knowing that measurements take place. An ideal system

should be able to acquire all necessary physiological measurements with no interference,
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intrusion or obstruction whatsoever and most importantly with no psychological intervention

in a completely natural everyday environment.

Concluding from the above analysis, emotion causing events, cognitive involvement task with
mathematical content or decision making scenarios would cause respective physiological
reactions identifiable by alterations in the Somatic Nervous System. Sympathetic System
Response is activated in order to counteract an urgently detected homeostatic imbalance by
raising heart rate and exciting sweat glands (Tortora, 2006). It must be emphasised that the
psychological stress produces physiological expressions of the biological reactions closely
related to corresponding psychosomatic conditions. The STC measurement being a direct
measurement of psychological stress has been selected to be an input channel of the HR/STC
system, (Scherer, 2005) providing a measure of physiological stress. Immediate expressions of
the Somatic Nervous System (SNS) can be detected by using STC method with timely accuracy
comparable to that of an EEG signal, (Tsatsou, 2006).

Emotion has been shown to be an important constituent affecting cerebral workload influencing
residual performance, attention and cognitive processing (Salovey & Mayer, 1990). The
HR/STC system is a typical example of a tool attempting to provide spontaneous responses of
emotional, affective and cognitive involvement by looking at physiological stress and heart

rate excitations.

3.8 Physiological Expression of Emotion

Numerous studies in emotion and affect ranging from the areas of psychology (Eysenck, 1982;
Frijda, 1986; Strongman, 2003; Scherer, 2005; Eysenck, 2006), clinical physiology (Lykken &
Venables, 1971; Hassett, 1978; Venables & Christie, 1980; Damasio, 1994/2006; Tsatsou,
2006), affective computing (Picard, 2003), and HCI (Norman, 2004; Brave & Nass, 2008;
Fairclough, 2009; see also the vast literature on User Experience [UX] design and game studies
— e.g. Kuniavsky, 2010; Calleja, 2011; Law & Sun, 2012 etc.) have demonstrated that
emotional stimulations effectively drive the human brain to elicit physiological responses that
are direct, instant, measurable and quantifiable. These reactions appear consequently as rising

or fluctuations of physiological stress, elevated heart rate and reactions promoting activity of
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certain muscles. When the above reactions have been instigated during processes involving
learning tasks and problem solving have been demonstrated as highly accurate indicators of a
person’s mental effort. Physiological measurements of heart rate excitation and psychological
stress can be measured during the course of a teaching session and show an additional variable

not possible with any previous formal methods.

Applied psychology used in evaluation and scoring of targeted capabilities of individuals,
employ test batteries which combine a range of trials in order to provide a quantified sketch of
behavioural emotional and cognitive skills. Related work has verified the value of
physiological assessment in conjunction with proof obtained by the above scientific areas. The
greatest obstacle when designing adaptively affective environments employing physiological
data acquisition has been the challenge to acquire data reliably and in such a way that
measurements do not affect the user due to restrictions that may be imposed from sensors and
their connections. Also a major concern for a system deducing physiological expressions has
been the elimination of the unknown psychological impact on the subject while measurements

take place.

3.8.1 Theories of Emotion

Many theories attempt to produce a conclusive definition of emotion but since a deeper
investigation is beyond the scope of this study, will only focus on four of them as an exhaustive
understanding is still required. As a means of communication, emotional event are known to
have a strong impact on the exposure of bodily reactions as supported by theories of emotion
since 1880’s. James and Lange as referenced by Walter Cannon (1927) have come up with
their theory portraying emotion as the bodily response to an event rather than a quantity caused
by the event itself. Another more recent theory suggests that experiencing an emotion requires
both bodily response and an interpretation of the bodily response which rely upon the particular
state the person is in at the moment (Schachter & Singer, 1962). For example one can
experience rising heart rate when chased by a dog because of fear, or can experience similarly

high heart beat because of say excitement.
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Walter Cannon, (1927), demonstrated through his experiments that in certain animals like cats,
emotion occurs even if the brain was cut off from the information about bodily responses. He
also supported that the same bodily responses accompany many different emotions claiming
that although high heart rate may mean that a person is angry, it may also mean that he/she is
positively excited. Consequently, our brain cannot just rely solely on our bodily responses to
know which emotion we are experiencing but rather there must be something else that helps to
distinguish whether they are angry or excited. Luiz Pessoa (2013) demonstrated that Cannon’s
theory complemented by Philip Bards (1958), concluded that both the experience of the
emotion and the bodily response occur at the same time independently of each other and that
the experience of an emotion does not depend on input from the body and how this is

responding.

The Opponent Process theory of emotion, (Solomon & Corbit, 1974), explains our experience
of emotions in relation to its opposites. In their view, the experience of an emotion disrupts the
body's state of balance and also our basic emotions typically have their opposing counterparts.
Expressed differently, they argue that when we experience some emotion then that suppresses

the opposite emotion.

3.9 Psychological Measures of Attention

Attention has been widely recognised as a mental process by which a person selectively
registers some stimuli and ignores others. In 1884, William James claimed that: “Attention is
the taking possession of mind in clear and vivid form. It implies withdrawal from some things
in order to deal effectively with others.” Scientific efforts before today’s technology which
provide proof of data through direct measurements used a variety of assessment methods with

the most important ones laid out next.

The Attention Checklist (ACL) and the individually administered tests of attention that
emerged as a part of the Cognitive Assessment System (CAS: Naglieri & Das, 1997) was a
frequently used method for estimation of levels of attention. The CAS battery is still used in
formal assessment models providing a view of intelligence. Intelligence assessment in this

battery is established from neuropsychological discoveries and on psychological findings
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interpreting cognitive functions (Hunt & Lansman, 1975). Due to the distinction that selective
attention tasks are divided into those in which selection occurs at the time of receiving and
encoding the stimuli, in contrast to the tasks in which selection occurs at the time of response
or expression, the above methods employ a number of tasks to distinctly address the problem.
Stroop tasks, Visual Attention tasks, Auditory Attention tasks and Picture and Name Matching
tasks are used in tandem in order to distinctly identify the above types of attention.

Expressive Attention Tests (EAT) include activities originating from the Stroop task (1935)
and are used as a measure of interference. Effectively they consist of templates combining
colours either as words or shapes and measure the response time of the participant for naming
the colour used to print the word or shape, rather than read the actual word, as quickly as

possible.

Receptive Attention Test (RAT) was also developed by Das and Naglieri, and consists of
templates including four pages with pairs of letters. The first two pages contained a mix of
visually alike letters among other dissimilar letter distracters. The candidate was required to
circle all pairs of matching letters that were physically the same, for example UU (not UO or
UV). The other two pages similarly include letters but the candidate should circle letters
according to taxonomy, for example pairs like Dd are valid but not Db or Nh. Scores in both

accuracy and latency measures are assessed.

Visual Attention Test (VAT), includes presentation with a number of stimuli and asks the
individual to respond selectively based on specific instructions to identify numbers that appear
in one form rather than another. For example characters or numbers may be asked to be found
in regular or in bold typeface of print and vice versa. The task allows to participants a 90-
second time limit during the two conditions. Scores were accounted for the number of correct

responses and the time elapsed.

Auditory Attention Test (AAT), includes a wide selection of auditory tasks testing auditory
memory employing sequential instruction templates like for example the Continuous

Performance Test (CPT) developed by Rosvold (1956). Researchers have reported that the
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auditory format of CPT discriminates better between children who have attention deficits and
children who do not. It is anticipated that the dimension of attention assessed by auditory tasks
is more relevant to the classroom situation than the presentation aspect assessed by the visual
tasks, particularly in young children. The Auditory Attention Test subjects the participants to
listening to a tape recording of words presented at a rate of one per second over a five-minute
period and to respond by tapping on the table when they hear a certain signal word. Signal
words are defined by combination of voices and categories, for example, signal words may be
male voice dictating names of cars and female voice talking about dressing accessories.
Everything except the signal words is ignored. Scoring includes the number of signal words
ignored by the participant and also the false detections.

3.10 Physiological Measures of Attention

EEG data entail countless information regarding functional, supervisory and operational
aspects of the human body. Traditional physiological methods used to estimate attention using
EEG and evoked potentials employ the P300 wave method. The P300 wave also known as P3
is the most essential and studied component of ERPs, which can be measured after the stimulus
presentation in an EEG. The P300 is observed in an EEG as a significant positive peak 300 ms
to 500 ms after an infrequent stimulus is presented to a subject. Typical peak latency of this
positive wave occurs around 300 ms for most users suggesting to be related to the end of the
cognitive processing, to memory updating after information evaluation or to information
transfer to consciousness (Bernat, Bunce & Shevrin, 2001; Gonsalvez & Polich, 2002). In a
typical P300-based experiment, three different types of paradigms are being used; 1) single-
stimulus, 2) oddball, and 3) three-stimulus paradigm. The single-stimulus paradigm includes
one type of stimuli called target. In a typical oddball paradigm, the subject is normally
presented with target and standard (or irrelevant) stimuli. The three-stimulus paradigm consists
of target, standard and distracter. Distracters are also known as probes or novels. Novel stimuli
in a three-stimulus paradigm are presented infrequently and produce a P300 component that is
large over the frontal/central area and is different from the typical parietal maximum P300
discrimination (Comerchero & Polich, 1999). This invention was based on the fact that P300

is elicited when the candidate is confronted with a particular stimulus for which has prior
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knowledge. During cognitive measurements, factors such as memory, attention span, and level

of consciousness have also to be considered.

Pupilary response is a physiological expression identified as a change in the size of the pupil
of the eye, originating from the optic and occulomotor cranial nerve. A constriction of the pupil
termed miosis indicates a response which may be caused in long term by degeneration of the
sclera and in short term as a relaxed or inattentive condition characterised by a low level of
consciousness and attention. A dilation of the pupil termed as mydriasis refers to the widening
of the pupil and in long term may be caused by biochemical agents or drugs, whereas in short
term or instantly by focusing action caused by arousing awakening or intense attention.
Dilation of the pupil occurs when the smooth cells of the radial muscle controlled by the
sympathetic nervous system (SNS), contract, while constriction of the pupil occurs when the

circular muscle which is controlled by the parasympathetic nervous system (PSNS), contracts.

The Test Of Variable Attention (T.0.V.A.) was developed by Dr. Lawrence Greenberg
(Greenberg et al., 1994), Head of Child and Adolescent Psychiatry at the University of
Minnesota and has become since the citadel in many forms of assessment of attention
employing a variety of instruments such as EMG, SC and other. Tests are based in response
time assessment for Variability and Inattention tasks. As technology and computers advanced,
many types of T.O.V.A. became available since 1991, providing test batteries applicable to
unexplored physiological modals. In visual setup the T.O.V.A test typically consists of simple
geometric figures. When a figure is displayed the subject is indicating that by clicking or
otherwise through a physiological response under investigation. When the subject responds to
a "non-target"” it is noted as an error of commission, or impulsive. The inability for the subject
to inhibit themselves is measured producing an error of omission. The auditory test is the same
process. The test taker clicks when they hear the target, which is presented as a single tone.
The test taker should inhibit their response when the non-target is presented by a different tone.
It should be noted that this test since it is not using colours, it is not depending upon sequences
and it is independent of cultural or habitual aspects it is applicable to many areas in both clinical

and screening versions.
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The T.O.V.A. batteries measure a set of different variables to determine whether or not
response times and attention is at the normal range for the sex and age of the test taker providing

information for:

e Response Time Variability: A time measurement of how consistently the micro-switch
IS pressed.

e Response Time: A time measurement of how fast or slow information is processed and
responded to.

e d' Signal Detection: A time measurement of how fast performance drops.

e Commission Errors: A measure of impulsive responses; how many times the non-target
IS pressed.

e Omission Errors: A measure of inattention: how many times is the target not pressed.

e Post-Commission Response Time: A time measurement of how fast or slow a response
is after a commission Error.

e Multiple Responses: A measure of how many times the button is pressed repeatedly.
(Indicator of other problems)

e Anticipatory Responses: A time measurement how often a person is guessing rather

than responding.

3.11 Formal Psychological Assessment

Psychometric tests are well-defined scientific methods to determine mental capabilities,
behavioural style and personal idiosyncrasies. Focusing on discreet sets of characteristics met
in groups with common individualities, test batteries have been formed building up on
optimisation and improvements of formal questionnaires. Effectively, the abovementioned test
batteries span into three main types: Ability testing, Aptitude tests and Personality

guestionnaires.

Ability tests measure a person’s potential, for example a person’s ability to learn the skills
needed for a particular job. Ability tests are frequently complemented by Tests of Attainment,

which assess specifically what people have learnt for example in a subject like maths or dancing
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skills. Essentially what people have learned depends entirely on their ability in the first place
so the scores on the two types of test are conceptually linked. The major difference between
tests of ability and tests of attainment is mainly in the way the scores from both types of test
are used. Many items look identical on both tests but attainment tests are different in one crucial
respect - they are retrospective, i.e. they focus on what the person has learned and on what a
person can do now that he knows. Ability tests are prospective; they focus on what the person
is capable to achieve as well as their potential to learn thus a test of attainment cannot be used
to directly infer ability, (Groth-Marnat, 2009). .

General ability is effectively divided up into more specific abilities, representing the
hierarchical structure of intelligence that is commonly accepted in this field. For this purpose
a general ability test may be composed of specific numerical, verbal and spatial ability scales
brought together in a test battery. The score can then be evaluated and interpreted individually
as a specific ability or aptitude measure, or together as part of a general ability measure. As
there is no widely accepted definition to distinguish the difference between ability and aptitude
tests, people accept to a certain extent that the two terms refer to the same thing. Aptitude is

thought to be referring to specific ability and ability to be referring to general aptitude.

Psychologists have assigned to personality a particular technical meaning. The term personality
resembles that it is not a single independent mechanism but closely related to other human
cognitive and emotional systems. Samples of personality questionnaire in the Appendices
illustrate this idea further. Personality is described as the distinct, stable and enduring aspects
of an individual which differentiate them from other people, making them unique, but which

at the same time permit a comparison between qualities of individuals.

In general, psychometric tests differ from one assessment to the other, however largely include

two sections:

e a behavioural psychological section which usually includes a personality test or

questionnaire, and a relevant exercise.
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e a testing unit which includes an array of aptitude tests, verbal critical reasoning tests,
numerical reasoning tests, abstract (diagrammatic) reasoning tests and in some cases

special tests.

A personal assessment involving the identification of student capabilities and classification of
students into groups with common learning characteristics presents an optimised approach
when taken into account for teaching practices. Although personal preferences regarding the
optimal communication with students exhibit a stronger potential for improving learning as
such, they have not been facilitated by any contemporary teaching practices. Today’s teaching
practices are largely based on “Keyword mind-storm assessment” for appraisal of the
accomplishment of student learning, while bodily and facial expressions are frequently used
by the assessor empirically as an estimate of the correct perception and comprehension of the

taught material.

A major concern to educators and equally essential to educational establishments and
consequently to integral educational systems has always been the quality, consistency and
efficiency of their educational faculties. Equally important to designing an effective
educational system have also been the norms set out to assess effectiveness of such a system.
Extended models of educational practices employ assessments as the process of determining
“what core” would be optimally included at each stage of educational process, (Palomba,
Banta. 1999), “how valid” is the content and its exposure to each educational level and what is
the reliability of the teaching methodology in producing consistent results. The complete set of
information derived from an assessment, in fact represented the qualitative aspects of an
applied educational methodology. Evaluation was then performed on the outcomes of
assessments in order to determine degrees of credibility and causal interpretation of the

conclusions.

Validity of an assessment describes a condition where a specific method, such as a handwritten
test, assesses what it claims to assess and therefore produces results that can lead to valid
inferences usable in decision making. For example, a classroom test claiming to measure

higher-order thinking skill but actually assessing only memorized knowledge lacks validity.
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Inferences and decisions concerning thinking skills of a student cannot be justified from
evidence produced by such an assessment.

Reliability is the capacity of an assessment method to perform in a consistent and dependable
fashion every time it is being used. Apparently, reliability is a prerequisite for validity. An
unreliable indicator cannot produce trustworthy results. In the above processes of assessment,
evaluation, validation and reliability stress tests, consideration has been concentrating on
efficiency of certain educational structures sacrificing thus consideration of the individualities

of a student.

3.12 Dynamically Adaptive Educational Environments

Educational environments have changed dramatically over the last decades inevitably affected
by new technologies gradually introduced. New technological tools including interactive
screens and audio visual environments enhanced the quality of presentation of educational
content improving at the same time the actual quantity of information that a student can
manipulate and retain. Progressively through studying more aspects of execution of educational
processes, the need for provision for adaptability of the educational scenarios according to
student capabilities was revealed. Adaptive Automated Systems adjust task demands
dynamically (i.e., continuously) in accordance with the current level of operator workload
(Scerbo, Freeman & Mikulka, 2000). For example systems employing combinations of sensors
and aids for automated decision may accelerate the sensor-to-shooter loop and enhance the
decision process (Adams 2001; Rovira et al., 2007). Facial expression has occasionally been
used as an educational appraisal assessment method but its effectiveness is proven weak. This
has been mainly due to the presumption that psycho-somatic condition, feelings and affect of
a person can be expressed perfectly, always and in an identical way in all students. Apparently
this cannot stand always true since not all people express their frame of mind in exactly the
same way. In fact, an assessment based on facial expression is lacking reliability and
universality as it can vary enormously between students with different background and culture.

Also differences may build while the level of attention varies amongst students too.
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Established from the aforementioned studies regarding the use of instrumentation for accurate
caption of psycho-physiological expressions and assuming that today’s technology could
overcome particular application hurdles, a dependable approach to identify student’s
deliberation and concentration could be achieved by detection of physiological signals in vitro.
Responses obtained are entirely involuntary, subconscious and cannot be altered intentionally
by the person providing thus a generic indication of states of active engagement. Adaptive
computer environments in education have been focusing at the interpretation of psychosomatic
conditions in dynamically changing environments initiating psycho-physiological dynamics
that affect learning in directions that seemed impossible to be explored by conventional
methods. Existing educational approaches could in a best case scenario take into account an
optimized presentation to learners, using techniques of student cooperation, tailor made audio-
visual context and targeted guidance according to individual student personal profile
classification. Following a successful implementation of the system described herein,
dynamically adapted educational environments have been seen as systems able to assess
physiological and somatic responses and used in order to enhance the potential of the
instantaneous student ability to absorb information and respond to the learning process.
Subconscious indicators derived from physiological responses measured in real time can
produce identifiable reactions that can be used to interpret the cognitive load and state of
attention. Attention and focusing involvement could then be used as a real time input to
applications that can modify the content according to predisposed scenarios related to

concluding levels of satisfaction and engagement of the user.

The integration of physio-cognitive data has been one of the most important and promising
challenges for developing and significantly improving human-technology interaction by
enhancing skill acquisition, performance and productivity in educational, military and
industrial fields (Parasuraman 2005). Indeed, several physiological sensors were incorporated
in various systems for detecting changes in monitored emotional and cognitive states (Arroyo
et al., 2009; McQuiggan & Lester 2009; Murugappan et al., 2007). Although the most reliable
and accurate physiological signal for monitoring cognitive state changes remains the
electroencephalogram (EEG), mapping patterns of neuronal activity to a distinct action
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consistently and similarly for all humans remains to be seen. The EEG data has a high level of
time resolution and precision hampered only by differences in activation areas from one
individual to another. In fact, EEG information and features cannot be used for detection of
specific events but rather data extracted from Power Spectral Distribution (PSD) bands and/or
Event Related Potential (ERP). ERP components have been used as inputs for linear and non-
linear models to identify and classify cognitive changes such as alertness, attention, workload,
executive function, verbal or spatial memory and engagement (Berka et al., 2007; Russell et
al., 2005). Quantitative interpretation of mental workload from EEG data receives a great deal
of argumentative discussion since brain activity may be occasionally higher at rest rather than
in cases of cognitive load; thus assessment models use statistical and artificial intelligence
techniques such as Discriminant Function Analysis (DFA), Artificial Neural Networks (ANN),
and Support Vector Machines (SVM), (Sterman et al. 1993). In a prominent study by Wilson
(2005), 38 measures derived from EEG and heart rate were used to classify with high accuracy
workload level and verbal/spatial working memory. An engagement index based on EEG was
proposed by Prinzel, Pope and Freeman (2001) and used on a closed-loop method to adjust
modes of automation according to levels of engagement reporting performance improvement.
As regards education and problem solving, Stevens, Galloway & Berka (2007) have produced
an engagement index using EEG that attempted to identify and relate mental changes during
problem solving. The aforementioned system however was lacking an affective analysis hence

had no consideration of the emotional state of the learner.

Although EEG can help to deduce brain activity and fMRI even density and location of activity
in the brain, it has not been possible to deduce precisely the levels of engagement and workload
as the exact operations taking place during the above conditions remain unclear. (Brouwer et
al, 2012). In many cases higher neuronal activity is detected in more or larger areas of the brain
which does not necessarily reveal cognitive overwork but may involve a number of supervisory
or physical actions instead. Also a major hurdle that cannot be easily overcome by the above
assessment methods is that they mostly employ cumulative spectral analysis and comparison
between responses of large samples, hence they cannot address specifics of an individual. In

an assessment of physical workload for example the HR reveals the state of effort but the power
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expended can be estimated by using the HRV and also the duration of time that HR is high. In
order to achieve something similar when looking for mental workload by using EEG, an
additional source is required that would produce a somewhat cumulative index of the trait of
activity. But not all active areas in the brain mean mental overwork as motor cortex and other
areas of the brain may show higher physical activity, so an empirical selective process has to
be incorporated making even more difficult the task of real-time assessment. Since the
operational and positional patterns of activity differ between people the above task becomes
even more difficult. It would have been possible to deduce precisely each individual type of
workload only if the brain activity was operationally common to all humans, was identifiable
and well known. Deciding to use EEG and fMRI instrumentation, correlated with emotional
paths and measurements of responses that would express the result of affective stimulus has

been therefore more efficient in group studies rather than precision assessment of an individual.

Adaptive Automated Systems present the latest generation of active computer based
educational or automation environments incorporating the functionality to adjust task demands
dynamically in accordance with the current level of operator workload (Scerbo, Freeman, &
Mikulka, 2000). Parasuraman (2000) also proposed an information-processing function model
for the design of adaptive automation systems.

Due to technical problems encountered in the implementation of adaptive automation systems
applicable outside laboratory settings and also because of the needs for a universal approach to
the problem, a model for effective human automation interaction design was adopted which
identifies four distinct stages: Information acquisition, Information analysis, Decision and
selection of action and Action implementation. The first two are referred to as the information

automation stage and the last two as decision automation respectively.

Psycho-physiological measures are brought into play in adaptive automation based on the
presumption that an optimal state of engagement exists (Prinzel et al., 2000). Many psycho-
physiological indicators have been shown to reveal differences in workload (Kramer, 1991;
Wilson & O’ Donnell, 1988) .While electroencephalography (EEG) has proven to be a valid

and reliable psycho-physiological measure for use as a decision criterion (Prinzel, Pope, &
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Freeman, 2001), it is affected by recording artefacts caused by electromagnetic fields and body
movements (Backs & Boucsein, 2000). Despite the above drawbacks, to date EEG is one of
the most investigated and validated psycho-physiological measures of workload, with Heart
rate (HR) and heart rate variability (HRV) being of great importance showing to be sensitive
to levels of difficulty of a task.HR and HRV indicate both central and peripheral activity of the
sympathetic and parasympathetic nervous systems. Gaillard and Wientjes (1994) and Hockey
(1986) found that an increase in workload which reflects an increase in arousal and mental
effort, resulted in an increased HR observed as a decrease of inter-beat interval (IBI). Scerbo,
Freeman, Mikulka, Parasuraman, et al., (2000) indicated that cardiovascular measures, such as
HR and HRV, provide the strongest correlates of workload. They noted that increased workload
is associated with decreased HRV and increased HR (typically measured as decreased IBI).
Tecce (1992) reported that individuals paying close attention to visual events showed a
decrease in eye-blink frequency. Tecce supported that this was possibly due to increased
information processing. In other words, the more information participants were processing, the
less they blinked. In agreement with Tecce’s argument, Boucsein (1992) also backed the
argument that in a dynamic flight environment eye-blink rate tended to decrease with increased
visual demands. Thus, eye-blink increases are associated with concentrated thought, and eye
blink decreases are associated with the processing of increased visual information. An
important point to be taken in consideration for future developments was that the pupil of the
human eye reacts in two tenths of a second, constricting to as little as 1.5 mm or dilating to
over 9.0 mm in diameter (Guyton, 1977; Lowenstein & Loewenfeld, 1962). Hess and Polt
(1964) found that a 4-30% increase in pupil dilation was associated with an increase in
cognitive workload. Additionally, Beatty (1982) and Backs and Walrath (1992) demonstrated
that pupillary responses are sensitive to information-processing demands (i.e., cognitive
workload). Later, Marshall (2000) developed an algorithm that showed a high correlation

between dilatory pupil activity and cognitive workload.

3.13 Analogue and Digital Signal Processing

Raw signals of physiological data are notoriously noisy and can be particularly difficult to

extract from their original analogue counterpart. Indicatively EEG signals are of the range of
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0.2 — 50 uV peak-to-peak for a healthy individual with noise levels from muscular and other
interferences reaching 1000mV (Teplan, 2002). Extracting the actual waveforms is therefore a
huge challenge since the actual signal value will be 0.5mV in an environment with noise offset
of 300mV. It has only been made possible resolved with advanced electro-biological filtering
methods. HR signals float in the range of 0.2-0.5 mV hampered by electro-muscular noise of
much higher amplitude, however, triangulation methods employing electrode pairs are used for
error cancellation. In typical skin electrical activity measurements like EDR, sources of noise
originate from movement of contact area creating a variation in contact surface area. This is
caused because skin resistance changes if the device is measuring EDR by means of Voltage
flow. Also voltage related responses tend to fade out after some time of continuous contact
with the sensing element because the skin electrical potential compensates for the voltage
difference causing disproportional transfer of ion charges of the electrolytes of the skin cells;
as happens with electrostatic charges developing on clothing. Essentially this is the reason that
most commercial products have tarnished inefficient and suffer from poor repeatability issues

after continuous use.

It should be noted that in the implementation of STC measurement developed for this study, a
different approach has been used employing micro-current sensing which has major advantages
over the voltage amplitude method. This is because micro-current sensing provides a pure
signal unaffected by muscular electrical noise while at the same time is not depending upon
surface area and remains dependable when used for longer time intervals. Artefacts caused by
movement of the palm of the fingers essentially simply disappear since the current flows in the
same amount through a small or a larger skin surface area. A proof of the efficiency of the
micro-current implementation can be found in industrial and military communication systems
where 4-20mA current is used for transmission instead of signalling methods based on voltage

pulse-train.

3.14 Proprietary Development vs. Commercial Products

Typically as has been mentioned in other parts of this text, in comparable studies of bio-sensing

and physiological data acquisition, commercially available laboratory equipment have been
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used for the experiments. Such devices offer confined flexibility of the system and at the same

time introduce a number of errors as explained below. Serious drawbacks in such cases are

overlooked, reducing this way the credibility of the results for a multitude of reasons such as:

the presence of electrodes has a negative effect on individuals

imposed restrictions induce a psychological impact on individuals introducing hard to
estimate factors of error and also with varying magnitude

the cost can be extremely high when high accuracy is required

synchronisation between equipment is difficult particularly since devices produce data
at different rates and in most cases in different timing, format and range

event triggering is difficult to be recorded in all devices simultaneously

data produced in different format needs transformation so they become uniform
different devices produce different amounts of data per unit of time

data represent quantities often difficult to comprehend and therefore it is difficult to
identify errors

processing of data is performed by different proprietary software making it difficult to
derive information by combining data from different devices in real time
dependability of the system degrades to the device with the lower specification
software development is difficult and error prone, so much rather developing actively
adaptive platforms

calibration of independent components as well as a system can be a concern

In contrast to the above solution where separate commercial devices were used, a system

designed and developed specifically for a dedicated assessment just as the one used in this

study has distinct advantages as an integrated system. The aforementioned disadvantages of

the commercial products have motivated the author to design and develop the HR-STC system.

The major advantages of the HR-STC system versus combined medical equipment have been

laid out below:

homogeneity of data and synchronised timing of acquisition
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e design flexibility allows un-tethered operation with minimal obstruction that would
otherwise affect the users physically or psychologically

e flexibility and expandability of the HR-STC system allows combinations of other sub-
systems to be incorporated or used in parallel

e fully comprehensive data by design and therefore calamities can be easily detected

e cost has been minimised and better overall system optimisation has been achieved

e the system has no slack or delays during acquisition of both STC and HR

e data produced are in comprehensive format enabling the implementation of real time
algorithms

e data sampling rate can be adjusted for higher precision as required

e processing algorithms can be enriched by incorporating provision for special cases

e real time visualisation of allocation data, trends or diagnostic graphs

e additional modules can be incorporated without affecting real time performance

e the system holds a great potential to be used as a tool assisting research in many fields

Deduced from the above, commercially available equipment have serious shortcomings
demonstrating that simply could produce results in certain laboratory settings but definitely
could not achieve the flexibility required so as to be used for applications like educational

platforms and mobile devices in place of the HR-STC system.

3.14.1 Commercial Bio-Feedback Products

Seeking alternative implementation tools in order to fulfil the requirements for the
experimental settings employed in this study, one has to address the major discrepancies laid
out above before making a selection of available equipment. Biofeedback and physiological
data acquisition devices have to be sought among products coming from the medical
instrumentation areas and the clinical diagnostic devices in particular. For instance, in highly
specific measurements such as skin conductance, available instruments include instrumentation
amplifiers that need to be calibrated for ranges of measured values and then use electrodes;
something that was excluded from the initial requirements specification. Data produced from
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the above component could only be related to those from another device deducing heart rate
(that also required gel electrodes) strictly on time stamps making the whole process of
implementation of the common gradient algorithm almost impossible for real time processing.
Another alternative option to compose a system for experimentation in this research was to
choose devices for measurement and data logging of ECG as well as Electro Dermal Response
(EDR) from the market area of medical research equipment. Some devices have been primarily
constructed for precision measurements not simply providing accurate instant HR but
additionally produce the detailed shape of the cardiac pulse that is used in diagnosis to
determine operational and functional condition of the heart. Also the above devices are usually
accompanied by their specific suit of software development, introducing an added component
of familiarisation. Such devices, having been designed for clinical monitoring are particularly
cumbersome for use in real time data acquisition as required in our experimental settings.
Requirements for heat rate data in the experiments performed in this study did not really focus
on the heart beat shape but rather on the frequency, so a precision device was literally overkill.
Additionally the need for using electrodes could not be circumvented violating again the

prerequisites for this study.

As far as the EDR goes, commercial products provide either audio output - that had
subsequently to be converted somehow into a numerical form that would provide data logging
capability. Data scaling would then be required with another major drawback the fact that such

devices require calibration for each candidate before each session of the experiment.

3.15 Need for Bio-Sensing Technologies

A thorough investigation of educational technologies as to how they have evolved during the
past couple of decades reveals a convincing trend towards broadening communication in the
context of teaching and learning practices from teacher-centric into a learner-centric teaching
model. Effectively the need for this change was made apparent as advanced methods of
educational psychology were used in an effort to identify and exploit educational

characteristics that have a heavy impact on improving learning efficiency. Focusing on the
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student-centric approach it was made possible by utilising new systematic approaches
employing recently acquired capabilities introduced by Computer Based Learning (CBL).

Communication enhancements have enriched teaching and learning by introducing audio-
visual and interactive media tools. Teaching methods were promoted to educational
technologies as an umbrella term that also incorporated utilisation and management of
technological processes and resources. In further advanced environments like e-learning and
web based unattended study platforms, for the first time, learners could have an option to select
characteristics of the content, amount and speed of presentation for their studying material
through the integrated Learning Management Systems (LMS’s). Educators subsequent to this
fundamental improvement however, not only have to be concentrating on exhaustive content
exploration and evaluation according to their educational criteria set by the educational
establishments but also have to analyse and pile on the study of learning in look for optimised
paths of teaching practices; letting alone the concern for student’s individual learning

characteristics.

This multifaceted area eventually combined formal teaching methodologies with empirical
performance evaluation and also shared advanced concepts derived from scientific approaches
such as those coming from educational and learning psychology, cooperative communication,
sociology, computer science and more (Natalie Descryver, 2006). Instruments required to
construct a teaching environment included audio-visual and interactive tools in the classroom,
such as interactive screens, clickers and responders for auditoriums and projector based
interactive configurations. The above systems encouraged participation and interest of the
students in game like scenarios and consequently have introduced a new approach that has been
shown to improve efficiency in student learning. The benefits when using such systems come
not only from notions like gamification of the teaching process that increased the interest of
the students but also because the context was analysed further and illustrated more than used
to be, focusing on a few targeted answers rather than many insinuated or possibly implied as it

was in formal and verbal teaching methodologies. This latter step was necessary for adaptation
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of teaching practices with the more recently introduced technologies of Computer Based
Assessment (CBA).

Ameliorating towards the idea to identify student’s individualities and use them to approach
their learning needs accordingly, digital technologies could be employed focusing at the
flexibility of certain educational scenarios so they could be adapted to each person and
compose a customized and optimised learning environment. Smart Wearable devices like smart
Glasses and Virtual-Reality (VR) devices have introduced a promising new way of enhancing
learner’s experiences through immersive exploration learning scenarios, but further research in
this area is still pending. Information could be enriched like never before providing hierarchical
information display and when combined with motion and pressure sensors could enter new
areas of Activity-Based Learning (ABL). The flexibility presented to the students to attend a
learning session at their own time has also made an invaluable contribution to novel learning
methodologies whether the courses involved direct educational content (e.g. academic
material) or indirect educational targets (e.g. improving response time, memory retention and
practical skills). Another advantage of the CBL approach has been the fact that a student or a
learner in general could attain excerpts or complete courses in a multitude of devices and
platforms, ranging from phones and tablets to net-books, laptops and desktop computers. Cloud
computing and collaboration enables more schools to use cloud-based tools like Google
Classroom, making it easier for students and teachers to have access to information and on

whatever device they use.

Ample use of social media resources for research and information sharing eventually is
expected to make its impact within but also across schools and universities. In a simulation,
versus remembering test, (Brame & Biel, 2015), learners remember 90% of what they do, just
10% of what they read or 20% of what they hear. Numerous case studies suggest that one of
the substantial contributing factors in effective learning is increased interest caused by teacher
personality and individual competency but most importantly increased interest instigated by
the attraction that learners show to the content. Subsequently, notions pertaining to motivating

learners through gaming scenarios, has led to a leap towards a new era of education
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technologies introducing the concept of “gamification”. These particular methodologies
facilitated transformation of content into a more entertaining and amusing presentation
incorporating assessment questions in an environment that by default increased student

attention and involvement and thus achieved more effective learning scores.

Digital technologies could make possible to produce adaptive educational material that would
cater not only for simplification of teaching content but also for developing appropriate
transformations according to student’s idiosyncrasies such as their individual learning and
personality profiles. Specific preparative assessments, including personality, behavioural and
aptitude tests of each individual student could also play a role as an input, providing a relevant
classification of students into groups with common learning characteristics. Although the task
of teaching can get even more complex because then multiple teaching scenarios had to be
produced for each lesson catering for the individualities of those groups, significantly improved
learning results could be achieved (Mourlas, 2009).

A well put together and optimised educational scheme employing a set of advanced
components in order to take advantage of the above technologies such as audio-visual
instruments, educational tools, context flexibility, integral management functionality and
assessment methodologies can be expected to be offering to a student the optimal educational
content in the best possible way to date, either in the class or from long distance as is the case
in an e-learning environment. Despite the fact that the above scheme appears to be the perfect
solution that can be applied to most educational needs, it misses a segment that has too heavy
a bearing to be left out concerning the instantaneous ability of a learner to reach their optimum
learning capacity. More specifically, an educational setting with the above constituents is
lacking a valuable component that would include a response indicative to some form of
involvement and comprehension from the part of the learner. This latter view is strengthened
by many studies over the last decades revealing that learning capabilities are heavily influenced
by the circumstantial emotional state of the learner (Snow, Corno, Jackson, 1996). Recent
scientific research studies compare different physiological variables with respect to their

association with mental workload, but is still remaining unclear which variables can best
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produce information about focusing involvement of an individual and how to use combinations

in order to deduce specific attributes of the workload (Maarten et al., 2014).

Conventional teaching methodologies have no means to obtain proof on learner’s perception
or degree of comprehension. Similarly, it is difficult to ascertain one’s feelings, affect,
sentimental condition or other interrelated factors influencing the student abilities to
concentrate while learning. Physiological psychology was founded as a subdivision of
neurosciences such as psychobiology and applied psychophysiology that has as its main task
to analyse the biological interactions during the evolution of emotional and behavioural traits.
The above scientific areas targeted specific mental processes and sequences in order to identify
endocrine activities producing or being produced during discreet affective states, however,
their scope was strictly applied for laboratory experimentation for medical research and the

pharmaceutical industries (Appendix B).

Formal teaching practices have reached the maximum effectiveness possible that could be
achieved by means of conventional teaching and technological tools available today.
Effectiveness of teaching has reached its ultimate peak exercising all possible performance
methodologies in the class and other types of education, slightly overlooking unattended or
other forms of distance learning. The next level in education and learning has to present more
radical approaches with concrete substantiation and confirmation of the learner’s perception.
Computer and applied technologies from biomedical sciences engaging in education present
the only alternative to take more decisive steps forward. Models implementing adaptive content
based on physiological biofeedback seem to be the optimal method for classroom settings as

well as unattended education.

Apparently as warranted from the above analysis, the technology to detect the human
subconscious reactive responses to psychological conditions characterised by specific feelings
or affect and transform them into some substantiated form is available. A selection of bio-
signals entailing vital information being qualitatively adequate to deduce identification
correlates to basic or clustered emotion has been the next challenge emerging. Based on the
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above physiological origin, requirement for the development of a tool that would produce
physiological classifiers as emotional markers for use in the next generation of educational

technologies has become apparent.

In order to introduce a possible solution in the above direction, a purpose built system has been
developed attempting to deduce physiological responses and investigate the applicability,
effectiveness and credibility of inner somatic expressions when used for learning or other
applicable areas. It has been expected that the flexibility and minimally obstructive operation
of the system assessing emotional or affective expression driven by the inner brain interaction
could promote further research for evaluating models related to understanding and learning

performance classification algorithms.

The bio-signal acquisition system offers the flexibility to obtain physiological signals by
contact rather than attaching specific electrodes and that can produce a revolutionary input to
many systems concerned with the task to observe or perceive affective reactions of a person.
The value that would be added to existing educational and learning processes if a system could
detect and utilise the information on mental predisposition could help to produce a significant
improvement over existing conventional approaches. The route however to reach such an
optimal state where some device could identify feelings, cognitive states, affect or emotion

with high precision is some way ahead into the future.

A decisive factor for that lack of progress in this direction described above is today’s limited
research mainly because the existing technologies have not yet produced practical tools for use
in every day’s life. Largely, by using laboratory devices for research with major drawback the
need for initial calibration and familiarisation period have discouraged researchers to
investigate further possible application development. As a result of the important restrictions
imposed by hardware presenting the only means that could produce data from physiological
activities for further study, researchers have been focusing towards different approaches
employing observation methods. Such methods including eye gazing and visual area
observation attempt to deduce brain activity indirectly, by studying patterns of readings in time
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and frequency domains. Development of a system that can operate in such a manner so that it
would make possible the implementation of seamless reading of physiological quantities
revealing human disposition was the missing link that could promote research in this area
enormously. Apparently the benefits obtained if an appropriate bio-sensing device was
included in an educational core system are extremely important as they could add information
about the inner psychosomatic condition of the learner that essentially cannot be sensed,
perceived or modified even by the person himself. Subsequently, such an input would allow
for expert systems development including specific reactivity and adaptation of content in
personalised environments. Methods of teaching can also be enhanced by incorporating
information of student engagement during teaching, opening doors to possible new educational

technologies not known to date.

The reason that a device that could measure physiological quantities in an unrestricted
educational environment was so important and difficult to implement was not only because the
use of electrodes or attachments was prohibitively impractical but also because the system
would have to operate unobtrusively with no compromise in data integrity whatsoever. In an
effort to identify the optimum biological indicators able to provide dependable information on
the human state of alertness, vivacity and affective disposition one has to take into account the
restrictions imposed by conditional factors influencing the method of acquisition.
Exemplifying further the above predicament, it is clear that a physiological signal that
necessitates strict mobility constraints as for example EEG, could not be considered as a
candidate for such an implementation. A valuable quantity however like the ECG, although it
is derived from minute electrical activity that requires high sensitivity instrumentation, can be
considered as an appropriate modal quantity since it can be obtained by using alternative
methods of acquisition like optical absorption reflectometry. A creative application method is
then required to make the sensing of the above signal viable. Another equally valuable
physiological quantity appropriate for determining psycho-physiological condition is
psychological stress measurement that also holds the advantage that it can be easily acquired

with no significant operational constrains.
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The effort described herein promotes the conception to assess instantaneous physiological
measurements and associate their significance with potentials portraying mental workload,
state of engagement or perceptual involvement. Fulfilment of the above objective entailing the
construction of an apparatus capable to acquire HR and STC was set out to introduce novel
technologies into new forms of practical application in wearable or mobile apparatuses.
Existing wearable devices have been developed for HR detection and local display of deduced
data in forms related to training and fitness. The HR-STC system provides information on
behavioural responses of the two physiological markers possessing the ability to communicate
this data to a platform in such a way that has not yet been attempted in this scale. Also the HR-
STC system has provision for expandability including visual assessment and additional
functionality as it has been specifically designed for assessment of engagement and focusing
involvement. It is worth noting that the technological novelties introduced by the system
developed in the department of New Technologies have been the excelling practicality
regarding minimal obstructiveness and the synchronisation of measurements that is of highest
importance in this type of assessment. These advantages can be seen as independent entities
regardless of the validity of the assessment methodology and the verification of the initial

hypothesis.

3.16 A Concluding Summary

Effective interpretation of neural activity for contexts like cognition, perception, visualisation,
and imagination are reaching diagnostic regions prohibitively difficult to identify by using
available technologies and cannot be approached individually. They have therefore been
excluded from the objectives of this study as they are expanding beyond the scope of this
research. The essential quantity to be assessed in this research has been a quantified estimate
of accumulated neuronal, affective, emotional and cognitive volume as it is expressed by the
bio-physiological processes of an individual. Although facial expression has been included in
sets of experiments, bodily expressions, movements, visual or eye responses, verbal and
nonverbal activity or sound have not been included in the experiments. The reason for
excluding the above as a complementary verification of emotional, affective or other

expression was deliberate due to the need to isolate the capabilities of the chosen physiological
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quantities to identify discreetly states of involvement as they are being detected purely from
our proprietary system. Existing results and models based on simulating affective conditions
of humans and successively studying expressions, psychological and postural reactions have
difficulties to coincide or consistently produce conclusive interpretations due to the increased
complexity of the subject, for example it is difficult for a visual analysis computer based system
to distinguish reliably between a smile and a grin or even between male and female unless in

the second case information have been supplied manually.

Primarily, computer systems introduced in many professional applications as a tool to enhance
speed, accuracy, eliminate errors; improve overall performance, quality and consistency of
data. In addition to the above improvements achieved by the computers, peripherals like
cameras, wearable apparatuses and headsets introduced new capabilities for human psycho-
physiological sensing. Advancing technologies in medical electronics applied in scientific
experimentation resulted in verified measurements of the reactions of the human body to
emotional stimuli. The above observations permitted to substantiate improved high precision
measurements of physiological quantities which were proved to be immediate and directly
analogous to affective reactions. Further optimisation including miniaturisation and
incorporation of electronics into an appropriate design allowing for the development of the
system described herein, however, it should be noted that the processing power of a general
purpose computer five years prior to this study wouldn’t have been sufficient for the
implementation of the software for the aforementioned system. To demonstrate the above issue
further one has to allocate real time processing capabilities per measurement for the following

processes:

e Acquisition of data from the two audio channels entailing two data packets consisting
of 96000 bytes of 16 bit length and copying into data buffers.

e Digital noise filtering (2 X 96000 bytes * algorithmic calculation)

¢ Digital smoothening function (2 X 96000 bytes * algorithmic calculation)

e Fast Fourier Transform on the chunks of 96000 bytes for the STC data

e Savitzky-Golay filtering on each packet of HR packet of 96000 bytes
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e Wavelet feature extraction on HR channel

e Pulse extraction algorithm of the HR packet with missing pulse and ectopic bit
prediction algorithm

e Factor analysis and weighing threshold conversion algorithm for calculation of valence
and arousal

e Display allocation onto Russel circumplex model of affect

e Recording function of raw data into a file

In view of the existing growth in neurophysiological and neuropsychological research further
advancements may soon be achieved, bringing this effort to inconceivably higher precision.
Advancements entailing details in manifestation and expression of emotion such as time,
vigour, duration and superimposition attributes would allow to classify physiological responses

with sufficient precision to recognise even emotional constituents.

A collaborating effort was made in this study entailing scientific resources from biomedical
engineering, human physiology, cognitive, behavioural and educational psychology, affective
computing, adaptive environments and software interface design. The portion allocated to each
scientific area has been unfolded in this review providing sufficient background information

for the reader to capture all areas involved.
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4. Research hypotheses

The HR/STC instrument is producing the two corresponding physiological quantities of HR
and STC as they are being instigated by the learner during sessions of various tasks. HR and

STC constitute the dependent variables. It is hypothesised that:

e HR and STC quantities compose a variable that represents factual effects caused by
reactions of the Somatic Nervous System (SNS),

e increasing or decreasing quantities of measured responses of HR and STC with regard
to their previous measured value constitute an index variable,

e the variable produced by the combination of HR and STC constitutes a fundamental
two dimensional unit representing Cartesian coordinates in a bi-axial space,

e instruments used for the experiments have proven validity with regards to sentimental,
cognitive, emotional or affective stimulations that can cause to a person,

e pre-validated test batteries can ensure the validity of tasks used for the experiments,

e external factors such as noise or other ambient disturbances did not affect the validity
of measurements,

e corresponding the quantities of HR to valence and STC to arousal respectively was a
valid approach to represent psychosomatic condition in a bi-axial space,

e comparing the HR/STC system performance with a commercial product assessing
psychosomatic condition was a valid method to prove system’s consistency,

e the independent variables including additional data for personality profiles and trait
anxiety was a valid method to identify possible correlations between corresponding

groups.

4.1 Operational definitions

Quialitative attributes of critical neurophysiological processes administered in the human brain
during conditions of affective and emotional activation, memory recollection and cognitive
formulations have been blended for the purpose of simplification in this text with the umbrella

term “workload”. This term has no relation to stress workload or executive workload as meant
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in psychology but instead includes the instantaneous accumulation of cognitive, affective and
emotional physiological expressions.

Measurements performed every 1.8 seconds represented the instantaneous perceptive reaction
of the participant. In fact, derived values constitute primarily a good part of the spontaneous
emotional reaction and cognitive response of the person as laid out in the spectrum of emotional

events in Figure 4.1.1.

-Expressions
- Autonomic
changes
r— Episodes of emotion ————
— Moods 1
r— Emotional disorders —
r— Personality traits —
| L I ) 1 ) 1 1 se 42 1
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Figure 4.1.1 Time spectrum of different emotional phenomena, (Oatley & Jenkins, 1996).

The area designated in red, in Figure 4.1.1 shows the time that the measurements take place in

relation to the full spectrum of emotional phenomena.

Effects of longer term emotional, affective sentimental, temperamental or other constituents
had not been individually assessed but rather are taken cumulatively inclusive in the

measurements.

Initial familiarisation period or user specific calibration is not necessary before an operational
session of the HR-STC system as is the case with other devices. The need of the above tasks
was effectively circumvented by looking at the measured quantities as descending or ascending
values (gradients) rather than quantitative values. In essence the fact that some participants
could show higher average values of heart rate or psychological stress than others, did not affect

the measurements since only gradient values were used. Gradient values produced the
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psychosomatic index at a particular instance regardless if the participant was characterised by
higher long term stress and heart rate values than another.

Concerns on the efficiency of the converging gradient algorithm in the first stages of
development did not permit to set the initial aims too high regarding the precise distinction of
specific affective or emotional constituents. Essential target was therefore set to attain a
cumulative engagement index derived by detection of subconscious physiological quantities
serving as classifiers of manifested states of engagement. Detection of precise affective or
cognitive constituents or distinction of combinations of the aforementioned components cannot

be attempted or claimed to be derived by using the HR-STC system.

Finally in statistical analysis, in places where parametric tests are shown, data distribution is
normal. Similarly wherever non parametric tests are shown, data distribution is not normal.
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5. Systems Analysis

The principles of measurement of Electro-Dermal-Activity (EDA) by measuring skin electrical
permeability has been established as a dependable method of identifying responses to
sympathetic and parasympathetic stimuli of the autonomic nervous system and verified in
numerous scientific books (Venables & Christie, 1980; Cacioppo & Tassinary, 1990). Systems
employing those principles have gained approval for use in clinical practice. Clinical studies
have also correlated specific responses to stimuli with those of an emotional state of humans
and the credibility and accuracy of measurement using various combinations of bio-medical
instruments has been validated thoroughly recognizing the use of stress monitoring instruments
for therapeutic procedures (Eysenck & Keane, 2005; Picard, 2003). Biomedical research
technologies employing SC measurements and combinations of SC and HR have classified
those instruments as approved devices for valid detection of verified subconscious
physiological responses of humans. Just as in use for clinical assessment and diagnosis, these
very instruments adapted appropriately have been employed in Interactive Human Computer
Interface (IHCI) environments, whereby the responsiveness, functionality and visual context
of the computer environment is modified actively according to predetermined threshold levels
of psychosomatic responses. The adaptation of a specifically designed bio-feedback sensing
environment, can respond to certain bio-electrical reactions of the user. Such an input can be
considerably useful in dynamically adaptive environments allowing to perform specific
modifications according to the actual user behavioural, cognitive or habitual profile achieving
a personalisation of the interface that can improve dramatically the performance of an
individual (Tsianos et al., 2009; Kort & Reilly, 2002; Kim, 2006).

The Pros and Cons amongst the principles and methodologies available for measuring
psychosomatic responses through the variations of skin electrochemical composition, has also
been the subject of numerous discussions with two main contenders dominating the principle
of measurement; the Skin Resistance method (SR) and the Skin Conductance (SC) method. A
form of improved SC method, Skin Trans-Conductance (STC) has been adopted as the method
of acquisition of the generic quantity of measurement for our system. Implementing the system

incorporating trans-conductance is another innovative characteristic not found in similar
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systems so far providing a more stable reference signal and reliable long term data acquisition.
Existing electronic products used for measuring electrical skin permeability employ one of two
methods; that of voltage applying Skin Resistance and another applying a pulse modulation
method. The first method become less efficient as the time goes by because the human skin
appears to be getting used to the electrical characteristics of the sensing circuit. This is
happening because the SC method applies voltage to the skin via the conducting elements and
electron charges react with the corresponding electrical charges of the electrolytic properties
of the skin making this method less efficient for long term measurements. The second method
is more stable and used extensively in medical diagnosis; however, it requires expensive
instrumentation and at the same time requires extensive signal processing power. An STC
circuit is not using voltage charges but instead is supplying to the sensing elements a resonating
current of 0.006 Amps that is not affecting the electrical characteristics of chemical charges as
in the case of SC or Skin Resistance for that matter. The trans-conductance concept is
originating from an ingenious technique of an electronic current feedback that is used in
precision electronics and has been attempted in this type of measurement to the best of our
knowledge for the first time. Additionally, a continuous micro-current measurement method
has been preferably used as opposed to pulse-period measurement or other computationally
intensive technique, providing a more robust solution for non-laboratory applications as it is
faster, more efficient and allows better flexibility in measurements with slight movement of
the contacting surface with the sensing elements. The strong parallelism of the responses of the
SC in direct comparison with that of the EEG (Lewis, Critchley, Rotshstein, Dolan, 2007;
Tsatsou, 2006) bolsters that the SC measurement provides comparably accurate results with
those of EEG and fMRI coinciding in time and magnitude. Considering the advantage of the
SC measurement to produce identifiable responses similar to higher quality medical
instrumentation and at the same time to be obtainable with no restrictions in mobility or other,
makes it an ideal candidate for use as an input to our attention awareness detection system. HR
is the second quantity considered important when assessing subconscious mental, emotional or
affective workload as it is directly dependent upon the brain auto-regulation process inducing

higher or lower pacing in order to compensate for oxygen demand. HR was adopted as a
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simultaneous input to our system. The sensing circuit for the HR is based on the principle of
Infrared Absorption Reflectometry (IAR).

During the optimisation stage of the electronic design, it was considered appropriate to select
between the available options that could accomplish the above functionality and provide at the
same time the greatest advantages over alternative solutions. The first part of the electronic
circuit was an optimised specifically designed analogue circuit that could not be substituted by
anything else since it was a uniquely designed dedicated component. The next stage required
to provide communication with the computer included two main options for implementation.
The first option envisaged a high processing power microcontroller or Digital Signal Processor
based component capable to process locally the signals fed from the two channels of the
analogue front-end circuit and successively communicate with the computer via proprietary
software. The second option was to feed the analogue signals produced by the front-end circuit

directly to the computer via the two channel audio port.

In order to produce a system that is cost effective, computer platform independent, involving
minimal adaptations and relatively simpler to make, the use of a particular DSP or
Microprocessor has been circumvented and the need for a special or proprietary
communication protocol has been avoided. Instead, the preconditioned signal is fed to the
computer via its universal sound card and further software processing components was done
by using the processing power of the Personal Computer (PC). The software after processing
the signals also completed the task to transform the indications derived from the user responses
into parameters expressing the results of the measurements. Those parameters were then
available to any adaptive platform for the modifications of the adaptive user environment
accordingly. The system in its final form consists of a sensing part that is accommodated onto
a typical computer mouse, an analogue electronic circuit that feeds the processed signal to a
typical home computer and finally a software component that translates the measurements into
a predetermined format appropriate for our adaptive application platform. STC is detected by
direct skin contact of the thumb and ring fingers with two pellet shaped sensors located on the
left and right vertical sides of the computer mouse respectively. The areas of the epidermis
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(stratum corneum) of the fingertips as the densest parts of the human body in sweat glands and
nerve endings (Gray, 1977) conveniently provide a highly reliable source for our instrument
with optimal response to stress induced stimuli. The pulses of the heart are detected by infrared
sensors measuring the reflective absorption of a Near Infra-Red beam that takes place during
the changes of the coloration of the skin caused by the pulsation of the blood in the vesicles of
the tissue. The sensors for the HR circuit are located in the centre of the pellet rings on the sides
of the mouse. A dual sensing circuit of the HR provides a congregated signal, minimises
interference or false readings and eliminates movement artefacts through correlation of the two
measuring channels, while further analogue filtering and scaling ensures reliable pulse
detection. Software algorithms for missing pulse detection, ectopic and offset pulse
elimination, as well as inconsistencies between measurements improve further the accuracy of

the system.

5.1 Systems Design Overview

The system connection diagram of the psycho-physiological assessment system is shown
below in Figure 5.1.1. The computer mouse is connected to the electronic circuit box via a DB9
connector. The electronic box is then connected to the PC via the USB port that enables the
communication and use of the mouse and feeds its output to the microphone input via a 3.5
mm microphone jack connector. No external power is required as the low power circuit is
powered by the USB port that is used for the signature and operation of the mouse. Finally the
psycho-physiological index assessment software is required to be installed on the PC to

conclude the system operational requirements.

USB port

Personal SC & H/R Computer
Computer electronic circuit mouse

Figure 5.1.1: System Connectivity Block Diagram.
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The HR front end uses two sensing elements providing two measurements at the same time,
improving the reliability of measurement. The two raw signals for the HR and a current signal
corresponding to the STC from the sensing elements are fed through to the STC & HR
electronic circuit where they are processed, filtered, de-noised and conditioned appropriately.
The two HR signals are hardware correlated producing a filtered ECG analogue calibrated
output in the range of 0 — 1 Volt. The STC current is hardware converted into a linear frequency
output signal with amplitude of 0 — 0.9 Volts. Outputs of HR and STC from the electronic
circuit are then fed to the computer microphone input via the two independent audio input
channels. Dedicated software identifies and configures the hardware sampler chipset found in
every computer sound card subsystem, adjusting the type and range of input signal to unipolar
with maximum amplitude of 1 Volt as well as other parameters such as sampling rate, buffer

memory size pre-allocation and time interval for each measurement.

5.2 Description of Sensing Circuitry

For the sensing of STC, Ag-Ag/Cl pellet type sensors are used for the skin surface contacts
considered most appropriate due to their low oxidisation characteristics, reasonably high gel-
free electrolytic conductance and minimal susceptibility to ambient interferences, however, the
circuit works sufficiently well by using low cost stainless ring washers. The sensing circuit
used for the detection of the pulses of the heart is based on two packaged infrared reflective
sensors with compensation for ambient light rejection and maximum reading distance
requirements of 0.5 mm. The photo-reflective sensors provide two independent continuous
current output signals, making the HR detection feasible even in case the user is in partial

contact with only one sensor of the mouse.

5.3 Skin Trans-Conductance Circuit.

Prominently for the design of our sensing circuit we emphasised in linearity over a full scale
of conductivity measurements ranging from 100 mho’s to 4 mmho’s. Linearity has been
achieved by designing the current sensing circuit with increased sensitivity over a small range
of output (typically 200 mV). Achieving linear response over the full scale of measurement

essentially allows for a simplified system response in the later stages of the measurement,
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where we have to deal with varying characteristics between different users. Near absolute
linearity allowed us to eliminate the needs for pre-calibration of the system for each individual,
by using an instant measurement baseline estimation technique that follows a repetitive re-
alignment during the session of the measurement. A four quadrant current measurement bridge
has been used for the SC measurement of the subject as shown in Figure 5.3.1, obeying the

following equation for the sensing circuit response:

vous = [BE_ _ B2 )*V_
4= \R3 +r% FR1+ Az i

0.5V

%RIS

< <
- Vout +

< Conductance
R2$_

j (Rx)
|

Figure 5.3.1: Current Measurement Bridge.

Values of R1, R2 and R3 were chosen so that the output Vou would be linear for the typical
range of the human skin conductance, at the expense of a smaller range of output of the circuit
and this way demanding from the electronic circuit a higher input sensitivity. The
multiplication factor Vin, is the voltage supplied to the circuit, and it has been selected at 0.5V,
provided by a constant voltage reference component. As the voltage passes through the
resistors is converted to a constant current available to close the circuit when the user touches
the sensors with the fingers (Rx). The constant low-current technique has been adopted instead
of alternating current as the application requirements are more appropriately adapted to this
technique eliminating the three major problems of sensing circuit de-polarisation, minimal
Time-To-Settle (TTS) requirements as well as sensitivity problems in interference prone

environments. The linearity graph over the full scale of measurement is given in Figure 5.3.2,
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showing values from open circuit to 4 mmho’s, (i.e. from non-contact up to the typically

highest possible human skin conductance value).

Skin Conductance Linearity Graph
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Figure 5.3.2 Skin Conductance Input Response.

It can be deduced from the above graph that for 500 mho’s the output is 0.02V, for 1000 mho’s
1s 0.04V, for 1500 mho’s 0.06V and so on. Linearity in the initial measurement circuit ensures
an appropriate scaling of the input for all human subjects (0.6 to 1.4 mmho’s) and provides the
flexibility for greater accuracy while it also simplifies the calibration of the electronic circuits
in the intermediate stages as well as for the final signal conditioning. Unlike similar circuits
that supply 3.5V at the point of contact, the current measurement bridge configuration is
supplied by a stabilised 0.5V that ensures a very low current of 5 pA for a typical STC value
of Immbho. This value is far below the requirements for compliance with the standards for
medical equipment safety (IEC 60601-2-3, 2-10 and EN 60601-2-3, 2-10) qualifying this
device as eligible for long term use. The system is not designed according to stringent medical
standards for use in clinical applications and therefore there is no provision for optical or
magnetic isolation of the point of contact with the user that would make it appropriate for use
while a human subject is connected simultaneously with other medical therapy, monitoring or
radiating devices, however, the extremely low current allows for safe use in long term and for
long time intervals. An electronic system level block diagram for the STC electronic circuit is

shown in Figure 5.3.3. The sensing circuit is fed to a buffering block that converts the current
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to its corresponding voltage value and isolates back currents. The signal is then forwarded to
the trans-impedance amplifier circuit, next to the signal conditioning and filtering circuit and

finally via the signal to frequency conversion and signal conditioning circuit to the soundcard.

Frequency
Transimpedance Active conversion

Amplifier Filtering & signal
conditioning

Figure 5.3.3: STC Electronic System Block Diagram.

All electronic components of the circuit operate at a single supply of 0-5V DC and the
electronic components used are inexpensive popular IC’s and off the shelf passive components.
Provision has been taken for low power consumption, AC decoupling and the circuit can

therefore be powered from the USB port of the computer mouse.

5.4 Heart Rate Circuit.

The HR sensing circuit is using a pair of Near-Infra-Red (NIR) reflective sensors TCRT1000
operating in the range of wavelengths between 600 to 1000 nm (peak enter. With centre
frequency at around 840 nm and fixed angle of deflection of the photodiodes is an optimised
good option providing a sound response at reflective variations of each pulse of the heart of a
person. Other sensors with similar characteristics may be used with equally good results as
long as they have good repeatability characteristics and they can produce dependable transistor
output. The NIR sensors incorporate transmitter and receiver in the same package and provide
a reflective transistor output. The integrated circuitry of the sensors incorporates a filter for
ambient light compensation. Two of those sensors and circuits are operating in parallel and the
signal is fed through an op-amp adder circuit before the instrumentation amplifier, filter and
conditioning stage. The system block diagram of the electronic circuit, shown in Figure 5.4.1,
denotes an initial signal buffering stage, an amplification stage, a Low Pass filtering and noise

rejection stage, a convolution stage and a final stage for signal conditioning.
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Thumb I/P
Buffer
Ring Finger
I/P Buffer

The output is an actual analogue heart pulse shaped almost identical in precision to that drawn

Amplifier

L/P
Filtering
o L/P

Figure 5.4.1: HR Electronic Circuit Block Diagram.

Convolution Conditioning

from clinical ECG devices. It has to be noted that the precision of the heart pulse shape is not
important for the process taking place in the system as the diagnostic capabilities that can be
obtained from the details of the portrayed heart pulse are not utilised in this particular
application. A very precise peak-to-peak interval detection is sufficient for the purpose of our

study.

5.5 Computer Software

The software component of the system has been developed using MATLAB and utilises the
computer sound card as an Analogue to Digital Converter (ADC). Source code has been
included in the accompanying DVD. Firstly, the program detects all available sound hardware
components of the computer and allows for selection of the hardware available and sampling
rate that is to be used. Next deactivates the High-Pass filter that most cards apply to frequencies
below 10-20Hz, it then configures the limits for amplitude and polarities of the signal and
optimises the size of memory to be used for the buffers when operating in real time processing
mode. For the STC measurement channel, a frequency signal is projecting in a linear scale the
quantified value of measured STC. A baseline is calculated from the initial measurements with
local maxima and minima of £20% of that initial value and maintained thereafter updated by
the sequence of measured values. If the maximum or minimum value is exceeded, the range is
re-adjusted producing an auto-calibrated range of measurements independent of the individual
skin trans-conductance characteristics that may as well vary between different users. With this

method the STC is allowed to have a positive or negative value with respect to the baseline as
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an independent variable, eliminating the requirement to subject the user through an initial
calibration procedure. Tonic Level (TL), Phasic Response (PR), baseline (BL) and the tendency
to improve or deteriorate the stress level (gradient of the STC), are the main parameters derived
from the STC measurement. TL is constructed by accumulation of the mean frequency value
I.e. adding the last value of frequency read to all previous and dividing the result by the number
of valid measurements. TL provides a trail of measured frequency values and represents the
variations effectively interpreted as the psychological level of arousal or active involvement.
TL is rising when the subject demonstrates mental stimulation and is increasing further with
raised mental activity, tentative engagement, mental effort and especially stress. PR is
effectively the instantaneous frequency measurement representing the last measured value of
trans-conductance. PR’s are signed positive or negative intensifications in skin conductance
that begin 1-2 seconds after stimulus onset and peak within about 5 seconds. The amplitude of
the STC response varies according to the subjective impact of the eliciting stimulus and that in
turn varies according to the intensity of the stimulus, its abruptness and unexpectedness of the
subject, and its meaning or importance, however, an absolute one to one relationship between
STC amplitude and intensity of affective response could not be assumed. Aroused subjects
exert spontaneous skin conductance responses and therefore their corresponding frequency,
(tonic level), increases proportionally to their level of arousal. The software algorithms for real
time stress analysis include:

e audio input signal amplitude scaling,

_ F(sampling)
o software low-pass-filtering with cut-off frequency r= 4

¢ signal period correction,
¢ frequency domain transformation
¢ and choices for real time plotting of the input signals, or the filtered input signal and its
transformation into the frequency domain.
The algorithms for the HR pulse detection and correction as shown in Fig 5.5.1 below include:
audio input signal amplitude scaling, signal normalisation, DC component filtering, software
low-pass-filtering with cut-off frequency at 5 Hz, adaptive threshold calculation, edge

detection, relational pulse interval correction in time domain and validation of detected pulses
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as shown next. Also the trends for the STC and HR values as well as the physiological
responses and psychosomatic states deduced by the combinations of measurements can be
plotted either in real time or as recorded data. Figure 4.5.1 presents the flowchart of the HR

software process.

CTARD

Read HR

5-G filter signal
Peak-detect HR

Discard packet
Keep last valid HR

y T

Max-Peak
=(2/3)*
Min-Peak

Deduct adaptive threshold
Calculate Pulse Duration
Remove Ectopics/Artefacts
Deduce HR frequency

-20% previous
> HR Freq <
+20% previous

Figure 5.5.1: HR software process flowchart.

The signal conditioned HR input channel is filtered using a fifth order Savitzky-Golay moving
average filtering algorithm before the edge detection of the rising and falling edges of the
signal. Signal noise is deducted and a valid signal is detected if peaks detected are at least two
thirds higher than the highest noise level after filtering. Illustrating further, after each
acquisition of HR, peak values are identified in the buffer holding the samples of the signal
(typically 96000 samples per measurement) and then the highest numerical value is identified.

The two thirds of that value is appointed as the threshold meaning that any sample with
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numerical value above that threshold is considered as a valid pulse. Any value below Pulse
detection is then determined by an adaptive threshold iterative process and validated by an
ectopic beat or arrhythmia pulse correction algorithm. Pulse intervals are then compared to
those of previous measurements and if they fall within acceptable time margins and the range
of heart beat between 30 and 210 beats per minute the heart rate is validated positively. The

heart beat rate is deduced by the formulae:

. (m . (%))

As

where: E!' =Record Length
£ =60 (secs per minute)

T'm = duration of measurement (user selected,
typically 1.84 sec’s)

As = Average Samples Between Peaks.

The accuracy and validation of HR responses were laboratory bench tested and verified by
using a function generator with triangular waves and pulse waves with variable duty cycle and
at predetermined frequency values. The following table (Table 5.5.1) shows some random

simulated input values and the corresponding output values of the heart beat rate.
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Table 5.5.1: HR Results on simulated input signals.

Freq(Hz) | Waveform buty Be_ats Per
cycle(%) Minute
0.6 Pulse 10 36
0.75 Triangular 100 45
0.82 Pulse 10 49.2
0.95 Pulse 5 57
1.22 Triangular 100 73.2
1.29 Triangular 100 77.4
1.68 Pulse 5 100.8
1.8 Triangular 100 108
1.9 Pulse 5 114
212 Pulse 10 127.2
2.28 Pulse 5 136.8
2.3 Pulse 5 138
2.75 Pulse 10 165

Table 5.5.1 exhibits the tolerance of the system on various simulated signals of different shape
with amplitude of 1 Volt. Figure 5.5.2 presents graphically the stages of HR real time detection
process as it can be configured from the configuration console to be displayed in real time if

so desired.
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Figure 5.5.2: HR Pulse Detection Process.

At the top window is the actual row pulse acquired from a human subject by the sensors in a
frame time interval. The second window horizontally shows the pulses detected after the
calculation of the adaptive threshold and fifth order Savitzky-Golay filtering, showing
vertically the coinciding inverted peak value. The third window depicts the pulses after the
rising/falling edge peak detection algorithm and the fourth window shows the pulses evaluated
after the final check for irregularities of the intervals between pulses. Figure 5.5.3 portrays the

process of irregular pulse removal for a frame time interval of 1.04 seconds.
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Figure 5.5.3: HR Ectopic / Irregular Pulse Removal.
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When a pulse interval was too small (i.e. HR greater than 210 beats per minute) it was judged
as an ectopic beat or an artefact originated pulse that was then being removed as rejected by
the algorithm. For this judgement the algorithm compared the intervals between the first and
third pulse as well as the second and third pulses respectively, in relation to immediately
previous recording and determined whether the first and third or the second and third pulse

intervals were closer to acceptable values according to previous measurements.

Figure 5.5.4 shows a real time case of the missing pulse detection and correction algorithm for
a frame time interval. The first window shows the raw sensor signal, the second one down the
adaptively detected pulses, while the third and fourth the graphical representation of the

correction process as it was plotted in real time.
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Figure 5.5.4: HR Missing Pulse Detection.

Data produced in real time and/or logged into a file are: HR, Mean Value of HR, Heart Rate
Variability (HRV), HR Gradient, STC Tonic Level, STC Phase Response, STC Gradient, and
also derived quantities as Valence, Arousal and Psychosomatic Index produced by processing
the combination of the STC and HR simultaneous measurements. Positive valence was derived

according to the loci of the values of the measurements if they fell in the area of positive STC
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amplitude, positive HR gradient positive STC gradient and positive Tonic Level in relation to
the Baseline. Arousal was derived from the above parameters but instead of Tonic Level was
depending upon the Phasic Response of the STC. The above combinations of measurements
were used for the real time validation of the circumplex model of affect (Russell, 1980), seen
in Figure 5.5.5 below. During the initial system testing investigating the accuracy as well as
the precipitation of the model, the system indicated high accuracy in the sense that; better than
80% of the cases when a subject was concentrating on the computer screen the system deduced

levels of positive arousal while turning negative when the subject looked away from the screen.

/{ ACTIVATIOI:len \‘\
- ense N
> excited
/" nervous G
/ elated )
/  stressed \
j .
/ upset happy \
UNPLEASANT PLEASANT
\ sad contented /
/
\, depressed e /
L relaxed  /
. bored calm S 4
\\ //l
\
" DEACTIVATION

Figure 5.5.5: The Affective Computing Circumplex.

The above observation is referenced only indicatively since the verification of the validity of
the above model was a partial subject of investigation for this study. The main objective of this
research has been the design and development of an integrated diagnostic system of the
psychosomatic state of a learner rather than the validation of affective allocation models such
as Russell’s model adopted herein or any other model that could be selected for investigation

and analysis in the future.
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5.6 Electronic Circuit

The schematic diagram of the electronic circuit is shown in Figure 5.6.1 and the Printed Circuit
Board (PCB) artwork of a double layer connectivity diagram in Figure 5.6.2. Inputs to the
circuit arrive from the sensors (not shown). The front-end is decoupled and fed through a unity
buffer stage for signal stability, before it enters the trans-impedance and amplification stage
respectively. 51" order Butterworth filtering (Low-Pass at 10Hz for the HR circuit and High-
Pass at 120 Hz for the STC) and signal conditioning is following ensuring a power grid induced
50 Hz interference rejection, cancellation of noise produced by artefacts and external sources
and finally the output voltage is scaled by the final stage to between 0-1 Volt. Software is then
undertaking the task to optimise the packets of data influenced by mishandling and frailty of
contact of the fingers of the user with the sensing elements on the mouse. Contact of the fingers
is detected by the STC input being detected above a threshold frequency value of 150 Hz.
Below that threshold both the STC and HR values are reset to the value of -1. Only valid data
are actively being used for determining the psychosomatic state with the non-contact state data
being rejected. The configuration console allows for a selection of an option to display either
a blank screen or last read values when the user does not make contact with the mouse.
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The electronic circuit was optimized by using Tina Version 8.0 software suite from Texas
Instruments. The schematic diagram was drawn by using ORCAD software suite and the PCB
design was done by using the Auto-Router PCB software suite from the same bundle. The
artwork provides a production ready material while the parts list and component placement
lists (omitted) provide all information necessary for assembling the complete analogue

electronic circuit.

5.7 Functional and operational description

The integral system functionality involved certain operational requirements categorised in the
distinct areas of software and HCI design, instrumentation and medical safety precautions and
that for interpretation of physiological data. It was therefore judged appropriate to dedicate a
complete chapter with main objective to illustrate the process flow employed for the
identification of affect and mental state of engagement and clarify the operational methodology
exercised. Initially anticipated problems or those occurring during the development stages are
also analysed in this section.

As physiological metrics have been used for a while in the domain of HCI as a means to obtain
a realistic input of mental effort or other affective response (Cacioppo & Tassinary, 1990) a
major limitation has been suppressed by the advantages of the value of acquired information
and taken as an inevitable concession. The deterrent of psychological interference during
acquisition was the major obstacle as in all experiments so far, users were subjected to wires
and attachments of sensors and instrumentation. This discounted variable entailed a conscious
psychological discomfort that caused an inestimable amount of interference due to some part
of the thoughts of the user being occupied by the apprehension of being part of an unknown
instrument rather than taking part in the experiments in a totally free environment. This major
limitation was turned into the major advantage of our system as explained in systems design
section and was retained throughout the design of functional processes achieving a seamless

operation eliminating methodological issues as addressed by Rosalind Picard, (2003).
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5.7.1 Functional description

Participants taking part in our setup were seated on a typical computer spot, with a normal
monitor, keyboard and mouse available to use, just as in everyday life. When participants used
the computer mouse, physiological signals of their heart beat and trans-impedance of their body
were fed to the system with no additional effort or concern from the part of the user. Biological
signals were amplified and conditioned by electronics and then fed through to the computer in
two separate channels and in different form as analogue pulses in one channel and audio
frequency in the other. This configuration eliminated cross-channel interference and stray
capacitance or current induced signal noise with signal to noise ratio better than 102 db between

channels.

The software components for communication were storing the blocks of audio data from each
channel into allocated buffers, available for processing while the acquisition of the next block
was taking place. HR channel was stored into a buffer queue retaining two blocks improving
the accuracy of peak detection algorithm applied on data using a wavelet technology function.
STC channel had no need to store more data as the requirement for frequency detection was
that for an instant measurement. Heart rate was deduced and compared to the previous
measured value deriving thus the HR-gradient. Similarly, STC frequency was compared to the
previous STC value deducing the STC-gradient. The two gradients above were employed in
the algorithm of allocation of the measured value in the corresponding quadrant of the
circumplex model, while the absolute value of the two coordinates was deduced by the
algorithm described in the system description. Trend values of HR and STC were stored for
every measurement and used to update the Heart Rate Variability (HRV) and STC baseline
respectively. The HRV was crucial in the determination of a weighing factor affecting the
absolute value of HR enhancing or diminishing the HR coordinate with respect to the minimum
and maximum value of measured HR, effectively increasing or decreasing the distance of the
displayed value from the mid-point (imaginary diagonal line on the graph). The baseline was
effectively the mean value maintained by the SC and used on the graph to determine the
distance of the second coordinate from the mid-point (imaginary diagonal line on the graph).

The system produced a raw data per-measurement signature on the four quadrant circumplex-
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like representation. No prediction algorithm like Hidden Markov Models, smoothening or
curve fitting was employed. Data were stored in detail including raw values, intermediate
calculation data, weighing factors, quadrant allocation, coordinate values and parametric

conversion values onto the graph.

5.7.2 Operational description

When the system was connected to a PC according to the connection diagram illustrated in the
systems description, the software component was executed either selected from within the
MATLAB environment or executing the psycho-physiological configuration system console
PPCSC.exe program in Microsoft windows environment. The program after detecting the
peripheral devices connected to the computer such as cameras, network and audio cards as well
as their individual capabilities, displayed the identification descriptors in a list of the system
configuration console. Individual capabilities of each peripheral device depicted directly from
the driver configuration of the Operating System, were made available to populate the lists
provided to the user for selection. More specifically, for the camera, the system could detect
all available cameras connected to the computer by system ID and all available resolution
options for each one individually. For the sound card, information included the ID of all
available cards (e.g. Realtek Sound Card) and all available sampling rates that they could
operate (e.g. 9600 bps). Data acquired by the program during initialisation were used to
populate the lists of options of the Psychosomatic Assessment Configuration Console as shown
in Figure 5.7.2.1.
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Figure 5.7.2.1: Systems Configuration Console.

During the initialisation of program execution, information about the network card and

configuration parameters were also identified and used to populate the fields required for the

configuration of “Cloud Enabled” applications, provided for future development. Preset values

selected as default, allowed the operation of the system by selecting only the “Start” button

for basic operation, however, a number of options were also available for fine tuning or

debugging information. Options for the “Web Cam ID " and “Resolution” of the image capture

on the top-left as well as the “Eye Pupil Size” provided for future development and their

settings did not affect the present operation. The Operational Parameters tab allowed for

modification of the time interval of the measurements and the optimised value was pre-selected

at 1.82 seconds. The “On No Signal” selection list presents the options available for messages

when the contact with the device has been interrupted. Default message is “*** No contact,

Page | 90



Chapter 5: Systems Analysis

Please reposition your fingers *** . The two buttons on the tab “Enable Process”, allow to
select processes individually according to the demands of an experiment, i.e. HR, SC or both.

The button directly below designated as “Log Into a File” allows for the composition of a

filename where data for a particular session will be kept as required (Figure 5.7.2.2).

Psychosomatic Assessment Configuration Console

— Web Cam Options Sound Card Options
Web Cam ID Sound Card ID
matrox & l Microphone (3- USB PnP Sound De P
PS3Eye Camera 3
OgamaCapture o) X v
0 TS0 Resolution Enter file name : Sampling Rate .
| T
RGB24_1440x900 ft1 02 16.tat

— Operational Parameters — Real Time Graph Display

Meas. Interval On No Signal_ >
1.82 A Blank Screen ) ‘ HI/R Graph Circumplex
1.88 v Ereeze Sereen VY
| H/R Trends Preview Cam
Enable Process
I Process HIR | | Process GSR | GSR Graph Engagement
Log inte a file Process Eye Pupil GSR Trends Workload
Start Stop Exit

Figure 5.7.2.2: File Save Option.

On the top-right corner the “Sound Card ID”” and “Sampling Rate” tabs allowed for selection
of the particular sound card and baud rate of the specific sound card where the system was
connected. Default values were for the master sound card of the computer and the highest baud
rate the device could support. The tab “Real Time Display Graph” allowed for the selection of
individual windows to be displayed during measurements. A sample display used mainly for
debugging purposes, displaying HR signal with colour coded graphs of the processing stages
of pulse detection and correction, the STC frequency graph and their trends respectively can

be seen in Figure 5.7.2.3 below.
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Figure 5.7.2.3: Real-Time Debug Data Caption

Data presented in their final form were available either for visual comparison between captured

involvement and their corresponding value represented in the circumplex allocation, or as raw

data sequence recorded in the log file. A sample of data representation during an experiment is

shown in Figure 5.7.2.4.
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Figure 5.7.2.4: Real-Time Data Allocation Model

Each measurement was represented on its corresponding quadrant as it was derived by the
calculated gradients of the physiological measurements. The latest displayed value was
highlighted by a frame that was fading out just before the next value was allocated. Exact
position on the graph was determined by the distance from the vertical and horizontal axis
respectively. The above distance was an expression of the magnitude of the physiological
measurements. The number on the centre of the picture in Figure 5.1.4, represented the count
of total measurements, while the four peripheral values indicated the number of allocations for
this particular quadrant, i.e. the top-left for the top-left quadrant, the top-right for the

corresponding top-right quadrant etc.

Other information on the graph included values of valence and Arousal and gradients of HR

and STC respectively.
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6. Experimental Evaluation

A strategic partitioning of the experimentation procedure of the aforesaid trial was crucial in
order to substantiate and demonstrate the advantages of the innovative formation of the system
conception and produce a convincing and at the same time truthful and accurate reflection of
the real capabilities of the system. The entire set of experiments required for this study had to

be carefully selected and optimised in a multi-faceted manner in order to

e corroborate the usability and validity of the system,

e fulfil a comprehensive evaluation, to compare results against widely accepted
previously validated data and others produced by approved commercial systems and
finally

e evaluate the overall efficacy of the system.

The research hypotheses reasoned and analysed in chapter 3, viewed in relation to established
theoretical frameworks and previous scientific efforts explained in chapter three, have
channelled this study through a course of individually optimised experiments. A series of tests
were optimised according to their effectiveness, complexity and feasibility characteristics in
producing clearly the parameters for testing our presumed hypothesis. For this reason an
exhaustive program of experimental processes with distinct and progressive segments was
stipulated. Each segment included an autonomous experimental plan committed to testing a
particular system capability as well as assessing the essential operational parameters derived.
Typical experimental procedures entailing design of test environments, data collection and
statistical analysis of results investigating the research hypotheses are sufficient for most
integral research studies; However, in this present work, which is including the design and
development of the tools required for experimentation, provision for additional experiments
was necessary. An essential mission was to optimise the system output so that it was shaped in
a flexible format that would be capable to feed dynamically adaptive platforms for affective
computing applications. Four distinct phases of experimental evaluation were adopted serving

the purpose to prove operational, usability, applicability, accuracy and effectiveness of system
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use. The first phase included laboratory validation and verification tests. The second phase
involved real time experiments aiming to demonstrate the validity and repeatability of
measurements in a non-laboratory environment and assess dependability of the results. The
third phase incorporated experiments for a direct real time comparative assessment between
pre-evaluated pictorial and audio-visual context data and their deduced affective and emotional
system responses and finally in the fourth phase the system was used in an actual application,
in combination and in direct comparison with an approved commercial product for assessing

relationships in derived data on emotional and cognitive involvement.

6.1 Phase One - Device & Systems evaluation

Since the specific combination of physiological signals (HR and STC) and the concept of
gradient convergence (as analysed in chapter “System design”) has not been attempted in this
fashion, using an apparatus designed specifically for this purpose and applied in a natural non
laboratory environment (see also “literature review”), a system validation and verification stage
was necessary. Internal validity tests were necessary to prove that the quantity measured a
factual effect and also that the quantity taken as the dependent variable (DV) was a fundamental
unit that could provide important interpretations. External validity tests would have to prove
the repeatability of the system under similar ambient conditions, demonstrate applicability in
all candidates regardless of race, skin colour or other social attribute and identify dependences
that could possibly affect reliability in reproduction of the experiments. Initial stages of system
validation were carried out by testing each individual component of the system for accurate
and timely response. The STC subsystem was tested individually during the piloting phase in
real time and responses were assessed during sessions of vigorous stress induced by force. The
measurement of the STC was based on a continuous micro-electrical input signal directly
proportional to skin conductive permeability (trans-conductance) that was then transformed by
electronic circuitry into a regulated audio frequency range. As the signal could not be simulated
by electronic components such as resistors or shunt capacitors but could only be produced when
human fingers were in contact with the sensing elements, a number of people were used for the
control group try-outs, providing data for further revisions of the electronic filtering and

calibration in order to improve consistency and linearity. Full range measurements were
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obtained from individuals performing the following clinical exercise: an individual holding the
device in relaxed state was gradually forcing their breathing rate to irregularities, (E.g. holding
their breath, longer duration or higher breathing rate). The system response in those instances
was a corresponding climb of measured values, as an indication that the stress level was raising;
thus verifying the correct operation of the system producing results exactly as they occurred
naturally when humans anticipate a stress elevated condition. Real time response and speed of
detection was observed and found to be instant and directly proportional to increase in HR that
was measured independently. STC response data were displayed in real time and also logged
into a file during the session, till the subject returned to its previous relaxed state. Data produced

were plotted in a scatter plot view and best curve fit process was applied (Figure 6.1.).

1000

mSiemens

Figure 6.1.1: Data congregation during the physiological stress test of the control group

Plotted data from the group of participants, displayed clearly the overshoot response that was
typical in case of exaggerated stress condition followed by the slow recovery stage. The time
required for each individual to return to a state of physiological relaxation after the induced
excitement of the exercise varied enormously, as expected, due to differences in cardiovascular
efficiency of each individual depending essentially on personal fitness and effectiveness of
cardiac output.

The above procedure also revealed the valuable capability of the system to perform continuous
and uninterrupted measurement as well as its simplicity of uninterrupted operation. This was

clearly demonstrated by the lack of discontinuity problems, even with excessive movement of
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the fingers about the sensing elements as long as the contact remained continuous. Another
worth noticing capability of the system revealed during workbench testing was that a
sustainable and accurate measurement could be obtained for as long as the fingers were in
contact with the instrument regardless of typical motion of the fingers. A correct STC signal
could be obtained while the sensing part was impervious to possible variations in pressure,
contact surface area or even level of induced perspiration or fingers (e.g. when deliberately

were soaked into water).

Pilot tests for the HR subsystem were performed by employing the following procedures:

1. Dby testing the electronic section for a count of a given pulse train,

2. by testing the Near-Infra-Red (NIR) elements fitted onto the sensing device producing
the pulses caused by the imperceptible change of skin colour due to the subcutaneous
variation of the blood pulsation and the oxygen content,

3. by testing the software that was translating the pulses into a count of heart beats,
employing also missing and ectopic beat detection and rejection algorithms as explored

in chapter “system description” and also illustrated graphically in Figures 6.2 —6.5 below.
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Figure 6.1.2: Pulse detection and correction algorithm
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Figure 6.1.5: Ectopic beat detection and correction algorithm

Plots above show the algorithms through the stages of processing with progress shown from
the top to the bottom and were depicted while measurements were made in real-time. Display
of the above plots can be activated as an option that could be selected in the configuration
console. The system maintained also the capabilities to display raw input data, data through
important process stages and result data in a variety of display forms or traits by enabling the
appropriate selection in the console. (See also systems description).

Testing of the spectroscopic pulse sensors was made by simulated periodic masking of the
sensors with materials impermeable to ambient light. Periodic covering was made at known
frequency and the frequency and shape of output was assessed. The electronic signal processing
part that filtered and provided the pulse train to the audio card of the computer was verified for
precision and accuracy by simulating a known pulse frequency fed through a high precision
function generator. The software component of the system was designed in object oriented
approach using fully enumerated data types in MATLAB environment, implemented on a
Windows 7, 32 bit operating system platform. While in the final software development stages,

software profiling, memory usage, speed of execution, performance optimisation and integrity
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tests were also performed, ensuring that the software components would not generate possible
hardware conflicts or operational discrepancies on the host computer and therefore the software
could be executed for infinite time without hindering by any means all other processes
executed. Additional tests performed for worst case operational scenario, including execution
of the software while many other processor and memory hungry applications were executed at
the same time like video capturing, additional audio programs and internet casting applications.

Finally the overall system including the STC, HR sensing component, the electronic signal
conditioning component and the software component took a series of verification key point
tests for integration. More specifically consistency tests included testing the same person at
different times in identical environment and in the same test-set, produced STC values with
better than 98.92% consistency for each person, while HR variability boundaries were also

nearly identical.

6.2 Phase Two - System operational evaluation

Emotional condition has been considered to play a major role in human affect, cognitive
involvement, attention and engagement influencing thus behavioural responses (Quartz 2009).
It has been widely accepted in the scientific community of psycho-physiologists and cognitive
psychologists that emotion not only plays an important role in cognitive processes and decision
making but is greatly intertwined with it (Damasio 1994). Also decision making and learning
is heavily depended upon spontaneous emotional state (Snow, Corno, Jackson 1996). Purely
subconscious components play also a substantial role in learning (Davou, 2002) and maintain
a prohibitively difficult component to be detected or assessed. As a consequence of the above
being the most prevailing opinions in the scientific community, an attrition bias develops
regardless of the precision of a given system to detect a particular emotional or affective
component. By default, either there would be doubt about validity as it is affected greatly by
multiple factors falsifying emotional condition or it would be less specific as it would be
incorporated into a wider affective construct, thus making the detection less valuable. In an
attempt to bridge that particular gap and at the same time averting the obstacle to reduce the

validity of the precision of the system in detecting a specific psycho-physiological condition,
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a reification of the combined construct obtained from the measurements was deemed necessary,
termed “mental workload”. Taking also into consideration that following the detection, a
precise distinction of an emotional component was not possible with the existing technologies
and also due to multiple factors affecting an authentic emotion or sentiment, a congregation of
distinct major emotions into factions with common major characteristics was used as it was
frequently done in the past very often (Russell, 1987; Ekman, 1999). Although mental
workload has been explored extensively by scientists and psychologists for the past 50 years,
there is no unanimously defined nor a mutually accepted definition. Wickens (2012) refer to
the term "workload" as a term not met even before the 1970's and also that the operational
definitions of workload were in conflict in various fields as regarding their composition,

quantified methods to reproduce and an established method of measurement.

Effectively the “mental workload” was defined as a construct including cognitive,
psychological and emotional involvement entailing all components of each constellation such
as motivation, predisposition, affect, sensitivity, responsiveness etc. All the above interrelated
quantities were represented by two coordinate spatial dimensions signifying size and intensity.
The “mental workload” by inheritance had to be expressed by two figures representing the
amount of involvement quantitatively and the magnitude of dominance of the overall
physiological and psychological workload. As a paradigm, mental workload was envisaged as
a reactive gquantity in response to immediate demands for mental activity forced on humans
during brain tasks of sensory interaction (Gopher and Donchin, 1986:41-4). As the individual
capabilities and endeavour differs between humans as far as their reaction to specific situations
goes, the mental workload was thought to be incorporating multiple parameters and was
characterized as an all-inclusive index of known and unknown constituent variables thus a

highly inclusive DV for the purpose of this assessment.

In the most commonly accepted theories the known constituents of workload have been

classified into three categories:

1. the number of tasks and accumulating magnitude of work,

2. the time duration and span of workload distribution, and
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3. the psychological experiences that the human operator is subjected to (Lysaght et al.,
1989).

Scientific studies about detection and quantification of mental engagement, have been
conducted mainly in the areas of psychology (Eysenck 1982/2006, Hasset 1978, Slater 1998,
Tsatsou 2006), clinical physiology (Ekman 1999, Insko 2003, Newman & Lieu 1998, Whitton
2003), affective computing (Peter 2006), and HCI (Brave & Nass 2008, Frijda 1986, Picard
2003) (see also the vast literature on User Experience [UX] design and game studies — e.g.
(Damasio 1994/2006; Law & Sun 2012; Lessiter, Freeman, Keogh, & Davidoff 2001). As
proven by conclusive results arisen from the literature cited above, although emotional stimuli
cannot be as yet identified as individual emotions, physiological stimulations of the human
brain elicited by those emotional events are direct, instantaneous, can be measured and
quantified by using active bio-sensing such as functional Magnetic Resonance Imaging (fMRI)
and electro-encephalography (EEG). Also the same stimuli can be detected with equivalent
responsive accuracy (Venables & Christie 1980), by measuring electro-dermal activity (EDA),
respiration rate, electromyography (EMG), electrocardiography (ECG) or combinations of the
above. An additional endorsement of the established validity of bio-sensing and respective
instrumentation becomes apparent when looking at the extensive use of such instruments in
clinical practice. In clinical environment, biological signal measurements have been strongly
established as the dominant method for non-invasive medical diagnosis (e.g. ECG, EEG etc.)
and also in rehabilitation and therapy (e.g. pain alleviation, stress reduction, muscular therapy

and more).

Visual expression and kinetic or postural assessment methods have been employed in affective
computing research in order to reveal subliminal feelings and emotional states. These methods
were not particularly efficient in detecting instantaneous responses but have been very
successful in determining longer term expressions and emotional after-effects. The reason for
this downside was effectively because of the time lag intervening between the moment when
an emotional stimulus has taken place and has been perceptively identified and the instance

following where a cognizance reaction has been physiologically established and subsequently
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after a corresponding emotional expression occurred. An essential operational requirement in
most Ambient Intelligence (Aml) and Ubiquitous Computing (UC) environments remains that
the detection of contributing inputs of the system need not only be accurate but also timely and
identified as early as possible. An early detection of emotional or psychosomatic state can make
a difference in some cases such as for example in car driver monitoring systems or in a
commanding reaction of a fighter pilot. Previous research addressing the issue of determining
emotional characteristics by using physiological measurements (e.g. Ark, Dryer & Lu, 1999)
have used the concept of physiological assessment from the early days of affective computing.
The acquisition of physiological signals necessitated wires and electrodes to be worn
overlooking or accepting the limitations of the impact that such an environment could have on
the actual stress loading exerted on the subject. These restrictions not only caused discomfort
and constrained the user’s posture and mobility, but also had important psychological
consequences, thus causing an unpredictable effect consequently affecting the precision of the
measurements. In some laboratory fMRI and EEG assessment environments the subjects were
even required to remain still for the duration of the experiments. Because of the above
limitations one could never be absolutely certain that the responses acquired in the laboratory
would be identical to those transpired in a natural environment. In the implementation
described in this effort, users were completely free from binds of any kind, since they only had
to use an ordinary computer mouse in the usual manner; therefore, they were unaffected by

such limitations.

The concurrent excitation of two physiological quantities was assessed, namely skin trans-
conductance (STC) and heart rate (HR), via a specifically designed interface testing strong
emotional stimulation in an attempt to answer the following questions:
e Can the state of a human subject at instances where both HR and STC were
increasing or decreasing simultaneously reveal a psychosomatic state?
e What is the explanation of the psychosomatic state of the subject when both the
above conditions were met simultaneously?
e Is there a correlation between events that occur during the interaction with the

system and the aforementioned quantities?
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e Would the combinations provided by the two states of each of the measured
quantities show a predictable pattern in response to certain emotional events?

e Can this system produce an effective mechanism for inferring a psychosomatic
condition onto a descriptive model that would optimally represent clusters of
emotional constructs?

e Can the emotional representation be correlated or in accordance with one of the
established models of affect, namely Russell’s circumplex model? (Russell & Pratt,
1980; Russell & Snodgrass, 1987).

e Finally, does this system constitute a flexible tool that could be used efficiently for
detecting psychosomatic responses in Aml and intelligent adaptive or

personalization interfaces?

Generating additional indicators as a derivative of generic physiological quantities such as HR
and STC, has been used over time as a means of extracting augmented information from
dimensionless quantities as in this case opted to be used for detecting specific psycho-
physiological states and / or mental workload. An added dimension providing more meaningful
information about the actual value was the element of direction and it was conceived by
comparing two successive values quantitatively. A lower previous value resulted in an
increasing trend (+), while larger previous value showed a decreasing trend (-). In this study
the above parameter was referred to as ‘gradient’. On each measurement the values available
for processing were therefore the values of HR, STC, HR gradient, STC gradient, Heart Rate
Variability (HRV) and the trait of STC values representing the Tonic Level (TL). All the above

were represented in real time revealing a more exemplified condition of the participant.

Basic emotion is termed in psychology as the distinct emotional composition that can be
expressed to a similar degree of valence and arousal by all humans independent of individual
cognitive, psychological behavioural or cultural characteristics (Eysenck M., 1982). As evident
from a large scale assessment derived from various scientific reports through experiments
performed on verbal and nonverbal expression of emotion by human subjects from various

nationalities and cultural backgrounds, increasing or decreasing trends of physiological
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responses of HR and STC can correlate to basic emotion. Relevant findings derived from
extensive research representing experimentally verified observations on HR and STC gradients
acquired when testing basic emotions are presented conclusively on Table 6.1 (adapted from
Psaltis & Mourlas, 2011).

Table 6.2.1
A review of relevant literature in tabular format (adapted from Psaltis & Mourlas 2011)

Change in HR / STC measurement
Fear Anger Sadness | Contentment | Disgust | Amusement | Surprise
/ happiness
AX +/+ -10 -/- -/- 0/0
Christie +/+ +/- +/0 +/0 0/0
Ekman et al. +/0 +/0 -/10 +/0 0/0
Fredrickson +/0 +/0 +/0 0/0
et al.
Levenson et +/+ +/0 +/0 +/0 0/+ -+ +/0
al.
Nasoz et al. +/0 +/0 0/0 +/0 0/+
Palomba & +/0 +/0 +/0 +/0
Stegnano
Palomba et +/+ +/0 +/0
al.
Picachin et +/0 +/0 +/0
al.
Sinha et al. +/0 +/0
Sherer +/+

(HR/ STC), +: Increase, -: decrease, 0: no significant difference

Studying the above collection of published scientific work, it is evident that a connection
between the two traits STC, HR and basic emotion is present and studied long ago but never
granted a methodical in-depth exploration. This in turn imposed the justification for the use of
the above physiological quantities in order to deduce emotional characteristics to an acceptable
level. Further elementary analysis indicated that many of the concluding opinions coincide,
thus strengthening the motivation and prospects to further investigate the findings advocated
by using devices of recent technology. It is imperative however observing the above table to
not have an absolute matching on all results of the findings as different assessment

methodologies and testing practices have been employed. For example it has been generally
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accepted that anger was distinguished by increased heart rate, however, two cases in the above
table yielded the opposite result.

Regarding the representation and classification of affective or emotional responses, two

predominant approaches may be identified.

The first is the ‘basic emotions’ approach, according to which there is a number of distinct,
universally identical categories of verbal and nonverbal responses to emotion-inducing stimuli.
According to Ekman (1999), undeniably the main representative of this approach, the basic
emotions are anger, fear, happiness, sadness, disgust, and surprise (Adler & Rodman 2006;
Scherer 2005). Although Ekman did expand the list to encompass fifteen basic emotions in

total, whether all of these can be considered basic, the issue is open to debate.

The second approach for classification of emotion is a Cartesian dimensional representation,
according to which affective or emotional behaviour is analysed into coordinate values.
Typically the axis in such arrangement signifies horizontally the levels of satisfaction (valence)
and vertically the levels of activation (arousal). Emotional constructs are thus characterised by
their corresponding value pair within a domain of emotional clusters typically represented by
divisions of a circular area. Such an approach can be said to lend itself better to biofeedback
acquisition applications on account of allowing for an easier and possibly more intuitive
quantification of affective reactions. The most prominent of these approaches is Russell’s
circumplex model of affect (Russell & Pratt, 1980; Russell & Snodgrass, 1987), which posits
that affective reactions can be analysed in the dimensions of valence, (evaluation of the

emotion-inducing stimulus as beneficial or harmful) and arousal (activation level).

The aforementioned approaches are not necessarily at odds, as distinct emotion may be
expressed in a biaxial coordinate system, as exemplified by Russell himself displaying the
mappings of various terms that describe stimulus properties as combinations of arousal and

valence, depicted in Figure. 6.2.1.
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Figure 6.2.1: Russell’s circumplex model of affect (Russell & Pratt, 1980:312).

Russell (Russell & Snodgrass, 1987) has also divided the coordinate system into a number of
distinct zones each of which constitutes half a quadrant, as shown in Figure 6.2.21.
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DEACTIVATION
Figure 6.2.2: Russell’s circumplex model of affect displaying eight distinct zones
(Russell & Snodgrass 1987:148).

1 The oblique axes in figure 6.2.2¢ represent a complementary system for classifying emotions. Russell and
Pratt (2006) have provided equations that allow for conversion of coordinates between the two sets of axes.
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Both operational parameters influencing the composition of the system (STC and HR) were
derived according to the basic principles of biofeedback measurements (Whitton, 2003).
Psychological stress is manifested in the human body as a sympathetic physiological response
of the autonomic nervous system which amongst other reactions induces vasodilatation of the
skin’s sweat glands (Tortora & Grabowski, 2006). This alteration causes measurable changes
in electrical skin conductance and skin temperature that produce quantifiable indicators of

stress levels.

During intensified conditions of stress, humans also experience cardiac elevation stimulated by
brain hormonal secretion, abnormal respiration arrhythmias and muscular contractions such as
in the area of the intestinal tract or other involuntary movement. An inclusive term used in
psychology for all the above symptoms is reputably known as anxiety, analysed further into
state (chronic) and trait (personality) anxiety (Strongman, 2003). The above quantities have
been chosen for the psychosomatic assessment in this study because they have been considered
the most influential indicators of psychosomatic state. The gradient of HR was considered as
an indicator of the direction of the sympathetic response of the subject, (fight or flight effect)
attempting to compensate for immediate corrective measures taken by the brain via the
autonomic nervous system and the gradient of the STC was considered as an indicator of the

potency of the actions taken (rest and digest phase) as a parasympathetic response.

A specifically designed electronic device was used for the acquisition of HR and STC has been
presented in previous publications of the authors (Psaltis & Mourlas, 2011). HR signal
acquisition was based on the principle of Infrared Spectroscopy, using as sensing elements two
near-infra-red sensors based on deflective absorption, acquiring HR pulses from the
spectroscopic variation of the skin colour that occurs as a result of each cardiac pulsation. For
optimized signal acquisition, minimization of artefacts and error cancellation two of those
sensing circuits have been implemented employing hardware signal aggregation,
complementing each other in cases of discontinuity e.g. when the contact by the user was lost
in one of the two sensing elements. For stress measurement the STC method has been adopted

as opposed to SR, providing a far more reliable indication of the measured quantity independent
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of surface area of contact, temperature variations, finger pressure variations or perspiration on

the part of the subject.

Stress level was identified by two silver Al - silver chloride contact ring sensors measuring
skin electrical permeability, placed on the sides of a computer mouse and at the points where
the thumb and the ring fingers are normally resting during typical use of the mouse by a user.
The two HR sensors were situated in the centre of the STC rings. Hardware redundancy was
embedded in the system with high precision circuitry and provision for handling external noise

or other sources of error such as USB noise, current leakages, optical mouse interferences etc.

In case of complete loss of contact, the system preserved the trait values measured up to the
last valid measurement until the next valid measurement was detected. Since each particular
measurement was evaluating the present event performing all necessary calculations for the
new samples of data, discontinuities did not essentially affect the quality of assessment as each
measurement was conclusive for each event. Minute losses of contact with the sensors or erratic
movement of the fingers onto the mouse could produce an error in HR reading interpreted
effectively in the scale of milliseconds between pulse readings, while the STC measurement
was almost unaffected. Such errors were typically corrected by software algorithms
implemented for curve fitting, signal smoothening, periodic pulse error detection and
correction, as well as typical missing pulse and ectopic beat detection and correction.
Essentially the software algorithm was processing a window of pulses and assessed consistency
rules in every single measurement. In practice however, it has been justified that the contact to
the sensing elements revealed a more than sufficiently robust operation as any user set to focus

on visual aspects avoided distraction of their concentration or moving their fingers.

Considering that the bio-sensing system did not take into account detailed pulse shape and
cardiac arrhythmias, but instead of that it was designed for accurate detection of the interval
between the pulses of the heart and effectively derive the instantaneous HR and heart rate
variability (HRV), reading error was within acceptable margins of tolerance of the system, as
it produced a negligible signal attenuation of +0.018 of a pulse per reading in the worst case
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scenario. The mouse, including a signal preconditioning circuit, was connected to a computer
via a specifically designed precision electronic interfacing circuit that filtered and conditioned
the above primary signals and converted them into a form that could be read by the computer
via the two channel audio input. A purpose-built software suite comprising the appropriate
components required for a system configuration console including automatic peripheral
identification and connection, as well as selection of optional recording and speed setting
attributes was also developed. Finally, the signal acquisition, processing, recording and
visualization algorithms were incorporated into the software suit. The use of this console was
essential for the initial settings required, such as audio card selection and settings, acquisition
time interval, selection of physiological signals as well as data display selection and format of
storage configuration. The console provided also capabilities for the selection of row data
display in a variety of formats and options for use in combination with cameras for the
incorporation of gaze and eye pupil size detection software components for future
development.

An STC auto-calibration algorithm was adopted, effectively providing a relative baseline for
each subject independent of the actual stress levels of individuals. Since the main interest was
not exactly how much stress was the user experiencing, but instead, the state of stress in relation
to the previous level of stress, a method for auto calibration was devised, envisaging a reference
point (“baseline”) at the mid distance between highest and lowest measured stress value
weighed by the trait values. The baseline was continuously updated based on the measurements
and the deviation from the mean value of STC (“tonic level”). This was important primarily
because it eliminated problems like the need for initial calibration and similarly deducted
continuation inconsistencies during measurements once the user released the mouse
momentarily. Moreover, as an additional threshold, the baseline provided a method of
distinguishing additional details in the attributes of our measurements, effectively indicating
the zero point of transition during instantaneous reactions of the users (“phasic response”).
Also the baseline approached quantitatively in a scale between one and ten was used in
conjunction with the HRV in order to deduce emotional loading. Quantitatively the baseline

could also provide a more detailed representation of emotional reactions if used to represent
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the mid-quadrant-value (hence a diagonal axis) in each quadrant of the circumplex, subdividing
the arrangement of the model into an eight area composition. Details on the use of the above
parameters for projecting affect as well as user workload can be found in the section of process
description and data analysis. A caption of the screen during an experiment was found below

in Figure 6.2.3.
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Figure 6.2.3: Typical caption of a display during the experiment.
6.2.1 Assessment process and data analysis

The primary objective of this research was to assess the conditions in which a certain
physiological response was indicative of a strong emotional stimulus. Considering HR as a
good indicator of inner body alertness and STC as an outer bodily expression, and given that
both provide more immediate reactions compared to facial expressions, they have been treated
as two independent quantities rather than values. In the aforementioned system, since two
almost equally significant quantities (HR and STC) were available, a reasonable assumption

was to examine conditions where both physiological quantities measured showed a common
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tendency compared to their previous measurement and also whether they followed the same
directional pattern simultaneously, i.e. both either increasing or decreasing at the same time.
From the two measured quantities (HR and STC), five more secondary parameters were

derived:

e Heart rate variability (HRV) derived from the recording of the difference between
highest and lowest heart rate during the experiment (used in the formation of the
loading factor applied to the values in the visualization process).

e Skin conductance tonic level (TL) effectively constructed as a trait of the values of
measured STC raw values

e Skin conductance phasic response, comprised of the instantaneous response value of
STC,

e STC gradient, refers to the vector form of STC measurements in relation to the last
measurement expressed as ‘+’ for increasing and ‘- for decreasing

e HR gradient, represents the relationship between two consecutive HR measurements

expressed as ‘+’ for increasing and ‘- for decreasing.

The above process was described by Eqg. (1):

R = f[(GHr (HR) Gsc(STC)] * Qurvimry (1)

where R denoted output coordinates of HR and STC values, Gnr was the Gradient of HR, Gsc
was the Gradient of STC. Qurv/Hr) Was described by Eq. (2):

QHRV/HR) = (AHrv / HR) * Ssc 2
where Qrv/Hr) Was the loading factor derived from the ratio of the average HRV value over
the last two minutes of the session (Anxrv) divided by the latest HR value, multiplied by the

STC value scaled quantitatively between one to ten (Ssc). Scale one was the lowest measurable

stress level of the system and scale ten was the highest value respectively (Psaltis & Mourlas,
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2011). The above factor was expressing the physiologically induced level of intensity as
experienced by each individual according to their personal fluctuations of cardiac level and the
quantified level of stress. The output in Eq. (1) was effectively a function of a logical AND
relationship between the gradient values thus classifying each possible combination of
gradients into the corresponding quadrant of the emotional context classification as illustrated
further in this chapter. The actual values of HR and STC were the scaled coordinates transposed
onto the appropriate quadrant. A diagonal axis that subdivided each quadrant into two octets
corresponded to the baseline measurement for each user while the loading factor Eq. (2)
determined the distance transposition of the coordinates from the diagonal axis (i.e. baseline
value). The above distance was treated as the instantaneous emotional loading.

As such, the gradient value (i.e. direction indicator), indicated the tangent of the curve that
depicted the user’s psychosomatic state at any given moment in time. A gradient could be
positive (i.e. raising pattern with regard to previous value), negative (i.e. falling pattern when
the new value was lower than the previous) or zero (representing a flat pattern essentially
indicating no change between the previous and current measured quantities).

The information flow diagram of the algorithm used for the classification of tendencies on each
response acquired by the physiological measurement device was illustrated in Figure 6.2.1.1.
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Figure 6.2.1.1: Affective tendency classification algorithm

The algorithm used for the visual representation of the active response to strong emotional
stimuli may be seen in Figure 6.2.1.2.
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Figure 6.2.1.2: Attention cluster circumplex allocation algorithm

Behavioural patterns of the user measured via the experimental platform were classified into
four areas corresponding to four principal states of mental workload viewed as quantitative
engagement, which in turn were hypothesized to correspond to the quadrants of Russell’s
circumplex model of affect representing also correlating clusters of emotion. It should be noted
that no correlation existed between HR or STC value to either dimension of the circumplex
model (i.e. arousal, valence); rather, data were mapped to the four quadrants (as shown in
algorithm described in Figure 9) in relation to the states defined below.
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e State of Focused Involvement / Engagement (positive arousal and valence), where the
user was expected to be in a pleasant condition and gratified as for example during or
when fulfilling a task successfully.

e State of Contentment (negative arousal, positive valence), where the user interest was
decreasing as for example when was unable to fulfil a task while still maintained a high
level of amiable affect.

e State of Perceived Difficulty (positive arousal, negative valence), where the subject’s
focus on a task did not change significantly, while satisfaction was gradually
diminishing.

e State of Non-involvement / Apathy (negative arousal and valence), where an
uninterested and inattentive person performed a task in negative disposition and

interest.

Evidently, a particularly precise and detailed detection of the emotional or affective states of a
learner was hardly the aim of this work. Furthermore, although the two superficially acquired
quantities measured in this appraisal have been considered in the existing scientific findings to
date as very substantial, a detailed emotional identification was considered beyond the
capabilities of the system. The system was developed in an attempt to design a novel system
as a tool that can derive reliable indices of alertness and focusing engagement as they are being
experienced by the user. Several patterns of interpretation were studied and adopted those that
the stimuli produced by the experimental scenarios constituted a more realistic representation
of the users’ psychosomatic state compared to attempting to infer emotion in detail. The
decision to test the system in real life environment for detecting user engagement in vivid real
world applications and not in laboratory or mixed environments was made so that a realistic
output of system responses was produced, and typical reactions to specific events could be
studied, however, a more detailed study of carefully selected basic emotion stimuli was

considered for testing at a future experiment.

During the experiments, processed data were displayed on-screen in real time, representing

user responses mapped as loci onto a screen area subdivided into four quadrants. Each of those
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quadrants dynamically represented the states described above as interpreted by the indices
produced by measurements of HR and STC. One locus point was created every two seconds.
The actual stress level as a raw quantity determined the position on the projected area and the
magnitude showed the distance from the baseline value (imaginary diagonal axis), that was
weighed by the loading factor Eq. (2) producing an orderly indicator of emotional loading. This
can be explained in physiological terms as the percentage of excitation in relation to the
maximum and minimum cardiac activity of the user. The relationship between the

measurements and the pattern of the projected mapping was shown in Figure 6.2.1.3.
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Figure 6.2.1.3: Mapping of corresponding physiological derivatives
6.2.2 Experimental procedure

Encountering the interesting challenge to design a front-end that would take full advantage of
the capabilities of the system to perform assessment of emotional clusters in a thorough and
convincing manner and at the same time explore to an optimal degree the latest concepts of
emotion-inducing techniques in user interaction, a visual environment was designed so that all
stimulating events and reactions of the user, as well as processed data from our system, could

be displayed in real-time. A recording of data, as well as factors and parameters used for generic
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data transformation, were also produced for event tracing and post-processing. Thus the
assessment and verification of the effectiveness of the system described herein was facilitated
by the ability to reproduce at a later stage as well as observe in detail and verify specific user

responses.

For the experiment, a typical desktop PC with average technical specification (Intel Dual Core
processor, 2 GB memory) was used. The experimental sessions were prepared and tested in a
computer desk setup in the laboratory of new technologies of the University of Athens,
however, a typical classroom or computer room would suffice since no special laboratory
equipment or restrictions were employed. Environmental conditions were approximately 25
degrees Celsius, similar during the experimental procedures and noise levels or external

disturbances minimal and the same for all participants.

Each session of the experiments included two parts with an average total duration of twenty
minutes (ten minutes per half session). The first part consisted of a puzzle game (“Liquid

Measure”, available at http://www.friv.com/). The game was intended to elicit mental effort

while the participant was trying to find their way in the unknown environment of the game,
positive affect as a result of successful task completion, and negative affect in cases where the
participant was facing difficulties hence was unable to progress. The setting was selected so
that it provided to the user an unknown environment with tasks of progressively increasing

difficulty. A screen caption during an experiment can be seen in Figure 6.2.2.1 below.
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Figure 6.2.2.1: Experiment assessing mental effort during a puzzle game

No prior instructions were given; thus, subjects needed to concentrate and improvise in order
to complete each of the twelve levels of the game. Not all levels were completed by the
participants, as completion time varied between participants and the time limit was not

sufficient in most cases.

The second part consisted of a video of motor fail and road traffic accidents found on

“youtube ” (available at https://www.youtube.com/watch?v=26gTIQ1FDW4). It was intended

to elicit instinctive physiological responses to stimuli with negative valence (essentially
indicative of distress and apprehension for the unknown). Some of the accidents were
predictable, whereas others occurred suddenly. Two separate categories of emotion-inducing
stimuli were included in this video. The first category consisted of accidents occurring at a

distance, while the second category consisted of accidents (or near misses) involving the car
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on which the camera was located. These two categories of stimuli were assumed to be evaluated
differently. More specifically, accidents that occurred further away were assumed to be
evaluated as less threatening (hence producing less vibrant measured values), compared to
accidents occurring nearby (that was expected to produce higher values of HR and STC).

A picture of the setting during the video experiment can be seen in Figure 6.2.2.2 below.
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Figure 6.2.2.2: Assessment during a video presentation

In addition to the physiological measurements obtained, participants were able to express their
estimate of psychosomatic condition at any time by selecting one of the four states displayed
on the screen throughout the duration of the test session. It should be noted that additional
information regarding user preferences on pictorial or textual assessment, personality or
psychological profiles was neither requested nor taken into account in this part of the study.
Apart from demographics (age and gender), the only type of personal information requested

from the subjects concerned their driving experience.
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The initial sample consisted of 17 university students ranging from 1% year to postgraduate
students (10 women and 7 men). The age ranged from 18 to 47 years of age with a mean value
of 26.2 years. The participants had no prior knowledge of our experiment setup, were given the
option to refuse to participate, and were able to withdraw or refuse to complete a part at any
point during the experiments. Two subjects were not included in the final assessment: one
female user was excessively inconsistent in her effort to complete the experiment so that
exceeded the time limits and one male participant was very talkative during the experiment.
Although the consistency of the results obtained from the latter user was better than 83%, he
exhibited respiration arrhythmias induced by speaking effort that could have affected stress
measurements considerably; therefore, this participant was excluded from analysis. As such,
the actual sample size for the experiments was reduced to 9 women and 6 men, age mean value
28.2.

6.2.3 Data assessment and evaluation

Data analysis was performed for each individual participant in three steps. Firstly, the visual
content (both game and video) was weighted according to the perceived emotional impact of
each particular event, providing a table of expected state of engagement, event number, and
timestamp. This was essential as the timestamp of each measurement could be different for
each event as users completed the tasks at different pace. Secondly, the participants’ response
to the emotional stimuli was assessed and the expected state of engagement for each specific
event was compared to the state of engagement measured by the system. Lastly the accuracy
of measurement for each participant was determined by the percentage of agreeing values

between the predicted and observed states of engagement during the course of the experiment.

In fact, the correlation of the corresponding values of emotional intensity was assessed in
comparison with values acquired as responses from the bio-sensing system. For each subject,
data were analysed in order to formulate a distribution table that provided a more extensive
indication of the convergence/divergence of emotional patterns derived from our system, thus

deducing its accuracy.
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During the development of the interface, provision was taken to integrate data post-processing
algorithms and produce results in their final form ready for analysis in real time. For example,
instead of post processing a vast amount of raw data after each experiment that then had to be
transformed into a meaningful form, a display of processed data was integrated proactively. As
such, the outcome of post-processed data was presented on the screen in real time. At the same

time, detailed data recordings allowed for further exploration and tracing as required.

State of ‘Contentment’ was recorded higher than expected. This was explained as in
physiological terms STC decays slowly after an event stimulus, known as response overshoot

as shown in Figure 6.2.3.1.
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Figure 6.2.3.1: Skin Conductance response overshoot

The effect of slow decay of STC forced an error in situations that although the heart rate was
still rising due to an event eliciting positive affect, the gradient of STC although still high was
appearing to be negative, thus allocating the emotional event incorrectly to the lower right
quadrant. A corrective algorithm was implemented sustaining the state of ‘Focused
Involvement / Engagement’ until a threshold value of the STC was reached and for as long as

the HR gradient was positive.
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A caption during a typical real time test representing the mapping of the physiological data as

they were acquired was presented in Figure 6.2.3.2.
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Figure 6.2.3.2: Real-time data visualization

The four numbers in the periphery of the graph (in the above figure the numbers 45, 251, 117
and 121 respectively) represented the actual number of occurrences of the physiological data
acquired from the participant and classified by our system in this particular quadrant. The
number in the centre of the graph was the index of measurement helping to identify the exact

time and event during post data assessment.

At the top of the graph Tonic Level, Phasic Response as well as Arousal, Stress Level, Baseline
and Gradients were displayed refreshing the newly calculated values after each cycle of
measurements. The latest value was indicated with a characteristic border shown in a bright
colour that was fading out as soon as the next value was mapped onto the graph. The
relationship of each measurement to the baseline in each quadrant could be thought as the

imaginary diagonal axis drawn from the centre of the graph towards the corners of the
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rectangle. This additional information was considered to be remarkably valuable for future
development since data presentation could be scaled so as to provide a more detailed analysis
of the psychosomatic state of the user with precision of eight subdivisions of states of
engagement or emotional clusters rather than the existing four. Data obtained from all 15
subjects were presented in Table 6.2.3.1.

Table 6.2.3.1: Detailed data presentation

Subject No of Events Response
Age - Female Male
ID Game Video (Average)
F18a 18 42 51 91.38% 91.38%
F18b 18 40 62 98.13% 98.13%
F18c 18 48 69 89.08% 89.08%
F23a 23 45 55 94.23% 94.23%
F23b 23 38 60 87.76% 87.76%
F24 24 44 60 88.91% 88.91%
F25 25 43 57 89.40% 89.40%
F27a 27 43 70 92.22% 92.22%
F27b 27 40 67 94.68% 94.68%
M32a 32 44 53 95.41% 95.41%
M32b 32 44 59 90.26% 90.26%
M35 35 48 55 86.74% 86.74%
M37a 37 46 60 91.33% 91.33%
M37b 37 43 51 90.61% 90.61%
M47 47 41 49 94.71% 94.71%
Mean 28.2 43.27 58.53 91.66% 91.75% 91.51%

In an additional empirical test conducted with a subset of the above participants whereby the
users were requested to look away and divert their attention away from the computer, it was
observed that values mapped the states of Perceived Difficulty and Non-involvement. As soon
as the users redirected their line of sight back to the computer, their state of engagement
returned to the positive valence state of Active Involvement and subsequently other quadrants
according to their respective levels of involvement. This result occurred in more than 96% of

the instances, making obvious that the system could detect with very high accuracy the fact
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that a participant was taking their sight away from the screen, resembling states similar to those

of non-involvement or uninterested.

6.2.4 Findings

Studies of data derived from the experiments indicated a high degree of proximity (91.66%)
between optimally assigned values and those produced by the system with negligible instances
of No-Reading errors. Participants described their psychosomatic state by selecting manually
one of the states displayed on the bottom right corner of the screen as follows: ‘Focused
Involvement / Engagement’ 71%, ‘Contentment’, 9% ‘Perceived Difficulty’ 13%, ‘Non-
involvement’ 7% of the time of the experiment. The deviation between the values obtained
through self-report and those obtained through measurements was approximately 17%,
although it was worth noting that users were not inclined to use the manual selection feature
very often. Positive user involvement during the experiments was represented on our model by
the states of Focused Involvement and Contentment at the top right quadrant. The opposite
states were actually mapping either the state where users were changing level of difficulty
between scenarios or while they spent time waiting for the next event with diminished or
diminishing involvement. Overall results classified all users in the above four cases at, Focused
Involvement: 44.2%, Contentment: 12.6%, Perceived Difficulty: 31.9%, and Non Involvement
/ Apathy: 11.3% of the time of the experiment. Detailed data regarding allocation per quadrant
and gender is shown in Table 6.2.4.1.

Table 6.2.4.1: Mapping distributions per quadrant and gender

Emotional Mapping Distribution (%)
Al C PD NI
Male 44.6 11.6 | 32.2 11.1
Female 43.9 11.0 | 31.6 14.2
Mean 44.2 11.2 | 31.8 13.0

(Al = Active Involvement, C = Contentment,
PD = Perceived Difficulty, NI = Non-involvement)
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The difference in responses between male and female participants was trivial (< 1%), although
event-to-response evaluation has shown coincidence between 87.76% for female and 98.13%
for male users. Coincidences between predicted and measured values in the game task were
similar for both male and female participants, however, differences were observed in the video
session. In our view, this small difference has its origins in the profiles of male participants
being affected more by aversive driving experiences (age of 32-47 with driving experience)
than female participants (age 18-27 with little or no driving experience whatsoever).
Differences in both male and female participants between gaming and video sessions indicated
similarly accurate event / response matching during the gaming session data and that during
visual observation, which was an indication that the system could perform equally well in a

variety of types of tasks involving greater or lesser use of mouse movement.

6.2.5 Use of self-report instruments

Notwithstanding the problems associated with self-reported affective reactions as described in
other sections, a cross validation of the system’s output was planned with the aid of established
self-report instruments, the most prominent of which being the Self-Assessment Manikin
(SAM) (Bradley & Lang, 1996), and the International Affective Picture System (IAPS)
(Bradley & Lang, 2007). The former is a pictorial method of assessing the arousal, valence,
and dominance of emotional stimuli. The latter consists of a series of images. Each of these
images corresponds to specific values in these dimensions in a manner that the images can be

used as a baseline for validating emotional responses (Figure 6.2.5.1).
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Figure 6.2.5.1: The Self-Assessment Manikin (Bradley & Lang, 1996:51).
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6.3 Phase Three - Application oriented evaluation

Fundamentally, the intensity of emotion varies enormously amid humans due to the fact that
the subconscious judgment of an incident relies highly on a subjective evaluation by the person
who is experiencing that emotion. Whilst many more factors play a key role for universally
characterising emotion like different social, cultural, habitual and personal experiences it is
difficult for a distinct emotion to be deduced by the proprietor and coincide each and every
time with the commonly accepted definitions. People while they attempt to assess their
emotional status, subconsciously, sweep scan their long term memory, in an attempt to identify
and quantify their state of hedonic tone and the vivacity of this present experience (biphasic
motivation— Bradley & Lang 2007). If the outcome was vague enough so that it could not
produce an identifiable emotion, then the brain initiated a cognitive process comparing that
very state to short term experiences of comparable emotional status in order to evaluate

differences with their current psychosomatic state.

Apparently the two levels of analysis of affective reactions were purely subjective and
insufficient in most cases to specify the correct emotion, and even when a person was certain
that they had identified an emotional element, the case of combined emotional constituents
superimposing a distinct emotion and thus producing misleading emotional identification was
always a strong possibility. For example pinching, holds a great similarity in subtlety and first
impression to the feeling of a contact with ice or a very hot surface and for a very short time
interval could have been identified mistakenly at a first impression until it had been correctly
identified in a second instance. Self-assessment of emotion also required that an individual had
the ability and sensitivity to differentiate among discreet, overlapping, and often contradictory

emotional states, however, this may not always be the case.

An alternative to self-report of emotion was the use of human physiology as a tool for
identification of the expressions of the autonomic nervous system as a result of emotional
experiences (Lykken & Venables, 1971). Studies in this area rely on identification of some
form of neuro-signature of an emotion, using biometric (fMRI, CAT and IR thermo-graphic
imaging), biofeedback, (EMG, ECG, EEG and STC), and extend to classification of gestures,
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postural and facial recognition analysis. The present work outlines an attempt to develop a
diagnostic device that can reliably and effectively identify emotional states, - thus presenting a
viable solution for wide use and not restricted to laboratory use only as the majority of all
known developments so far. The system has been designed so it can detect two physiological
quantities considered as optimal components in process of identification of emotional state,
namely HR and STC, completely unobtrusively by simply maintaining contact with a casing
or a device such as a computer mouse or a mobile phone. Data were obtained through the
system while users were exposed to emotion causing pictorial content selected from the pre-

validated and scientifically approved IAPS material.

Measurements obtained were mapped onto Russell’s Circumplex model of affect (Russell
2003) in real time as raw data, classified in four emotional groups determined by the
precipitation of the tangents of HR and STC. Experiments have shown dissimilar patterns but
an encouraging degree of absolute hit rate to the correct emotional classification area. In
addition to the physiological measurements, the participants’ personality was assessed by
means of the NEO-FFI personality questionnaire (Costa & McCrae, 1992); Trait Anxiety was
ascertained by means of Spielberger’s (1983) State and Trait Anxiety Inventory (using only
the Trait Anxiety form); additionally, Emotion Regulation was assessed. Detailed analysis of
the data evaluation and selection could be found in the following section, followed by
description of the experimental procedure, analysis of the findings, discussion, conclusion, and

future enhancements.

6.3.1 Data evaluation and selection criteria

Looking towards one of the major hurdles in the process of building experimental environments
dealing with assessing emotion, the three parameter model of the attuned pictorial stimulus of
emotion dataset provided by IAPS was adopted. Only two values derived from those
parameters, mean valence and mean arousal, (the third being dominance) were used in our
assessment, and those were corresponded to HR and STC precipitation, respectively. The
images in the IAPS inventory were sorted in ascending or descending order according to the

values of arousal and valence, in all four possible permutations (i.e. high arousal and high
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valence, low arousal and high valence, low arousal and low valence, and high arousal and low
valence). In order to obtain pictures that would clearly fall into each classification area, we
used a threshold value determined by the distribution of images per section area as illustrated

in the following pictures (Figure 6.3.1.1 and Figure 6.3.1.2).

‘ Male subjects |

ArousalMean
MAX)Y: 7.8

ArousalMean
(ThresH) : 6.7

ValenceMean ValenceMean ValenceMean | | ValenceMean
(MIN) : 1.5 (ThresL) : 3.7 (ThresH) : 6.6 (MAX) : 84

ArousalMean
(ThresL) : 2.7

ArousalMean
(MIN) : 1.55

Figure 6.3.1.1: Selection area of IAPS images for male participants

Essentially, the cluster of selected IAPS content was picked from the areas of corresponding
values of valence mean and arousal mean that fulfilled the criteria represented in the grey area.
Figure 6.11.1 shows the areas of accepted values for the pictures found in the IAPS inventory
for male subjects while Figure 6.11.2 the ones for female candidates respectively. These values
were selected from the complete cluster of data in order to avoid pictorial content that would
produce ambiguities during assessment as values falling into the inner circle were more likely

to be detected in the wrong quadrant compared to images that fall in the grey area.

Page | 129



Chapter 7: Discussion and Interpretation of Results

Female subjects
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Figure 6.3.1.2: Selection area of IAPS female content

Similarly, Figure 6.3.1.2 shows the areas of accepted values for the pictures selected from the

IAPS tools for female candidates.

6.3.2 Experimental framework

Prior to the main experiment, the participants completed the NEO-FFI, Trait Anxiety, and
Emotion Regulation questionnaires. The experiment consisted of two parts. During the first
part, the participants were exposed to a sequence of pictures depicted from the pre-evaluated
inventory of IAPS. Two sets of sixty four pictures were used, one set for male and one set for
female participants respectively. The groups of pictures were different for male than those for
female subjects as the criteria of IAPS dictate. Each picture had values of valence mean and
arousal mean that classified the picture within one of the four quadrants. The sixty four pictures
were divided into groups of four; these four images were selected within values that would

allocate them in the same quadrant.
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Images were presented sequentially, one every 6 seconds, separated by a monochromatic blank
page with blunt neutral content that was displayed for 5 seconds. The latter was necessary so
as to even the transition between contents and minimize the effect of interference between
emotional stimulations. Consideration had to be taken for dissimilarity effects on the
individuals during the experiment such as order effects and consequential transition effects.
For this purpose the pictures classified for each of the four main areas of emotion according to
Russell’s circumplex model of affect were grouped into four successive views for each
quadrant and were spaced in an exhaustive order of combinations as shown in Table 6.3.2.1.

Table 6.3.2.1: Order pattern of viewing of IAPS pictures.

Pos — Act Neg — Act— | Pos— Pass Neg — Pass
Pos | Pass Pos J Act Neg “ Pass Neg T Act
Neg |5 Act Neg A Pass PosﬂAct Pos | Pass
Neg - Pass | Pos - Pass Neg — Act | Pos - Act

Valence was denoted as either positive (Pos) or negative (Neg) and arousal as either active
(Act) or passive (Pass) respectively. During the process of the experiment half of the groups
viewed the order shown in Table 6.3.2.1 while the other half viewed the pictures in reverse

order.

The second part of the experiment involved the use of video clips — given that video was
considered as most captivating when used as a medium for eliciting affective reactions (Gross
& Levenson 1995). The video clip set consisted of four video clips with duration of
approximately two minutes each. A duration of two-minutes was deemed sufficient for the
participants to comprehend the content and express their emotional state, while at the same
time being concise enough to avoid causing tediousness. A neutral grey background was

displayed for five seconds after each clip.

The selection of images and video clips was made employing cultural factors in order to avoid
biases that might be encountered across the Greek population and were carefully selected to

represent a typical emotion causing stimuli based on Russell’s Circumplex emotional
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aggregation. The criteria for selecting the video clips were focusing in scenarios that would
cause (in order of appearance):

1. positive arousal and valence, presenting material causing satisfaction derived from
widely accepted pleasant and exciting tasks, incorporating the emotional cluster of
excitement, happiness and astonishment.

2. negative arousal, positive valence, where the scenario maintained a pleasant state while
being in a low state of activation including emotions namely as contended, serene, calm
and relaxed.

3. negative arousal and valence, with content biased towards a negative mood and
activation incorporating the emotional cluster consisted of tension, anger, distress and
frustration.

4. positive arousal, negative valence, presenting tasks with less satisfaction and clustering
sadness, depression and fatigue.

6.3.3 Experiments

Data obtained from the bio-feedback session incorporated a recording of the session of the
experiment including the visual part and real time responses as the subject was viewing the
content. A raw measurement data file was also recorded including generic measurement
quantities as well as processed values for reference if required. While the participants were
viewing the scenarios, the system was allocating their psychosomatic response in one of four
quadrant areas representing clusters of emotion. Assessment was made for each individual by
observation of the absolute hit ratio in the valid emotional cluster only. No other combinations
of allocated responses were accounted for as for example adjacent quadrant weighing factors

or subtracting weighing averages.

A screenshot of data capture during the experiment is shown in Figure 6.3.3.1. Pictures selected
from the IAPS batteries including evaluated valence and arousal displayed on the largest area
of the screen, while the real time responses of the bio-sensing system can be seen on the top

right corner.
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Figure 6.3.3.1: Screenshot of experiment using IAPS evaluated pictures

Twenty seven individuals took part in the experiments, (11 Male, 16 Female) ranging from 18
to 50 years of age (mean age = 28.04, s.d. = 10.282). A pre-session familiarization interval was
barely necessary as the system did not require initial calibration for each participant. One

measurement was obtained every second.

Data obtained from the psychosomatic response acquisition as absolute hit rates (i.e. exactly as
expected) were shown in Table 6.3.3.1 for IAPS pictures and Table 6.3.3.2 for video clips

respectively.
Wherever parametric tests are used it is implied that the distribution of the variables in question

is normal (as ascertained through Shapiro-Wilks test of normality). Otherwise non-parametric

tests are used.
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Table 6.3.3.1: Correct detections of emotional clusters using IAPS pictures.

Gender | Age Absolute hits per quadrant
Qip (%) | Qzr (%) | Qsp (%) | Qur (%)
Male 18 90 46 44 29
Male 20 88 42 46 31
Male 21 83 38 52 17
Male 21 88 42 42 19
Female 23 77 27 56 19
Female 28 83 44 19 21
Female 46 85 38 27 19
Female 50 73 35 42 17
Female 50 75 29 38 23
Male 39 77 25 63 21
Male 40 79 54 31 48
Male 47 71 33 46 27
Female 23 73 33 48 21
Female 23 48 15 33 06
Female 21 58 71 54 38
Male 23 71 27 54 21
Female 23 73 31 25 19
Female 22 73 15 40 10
Male 37 67 35 42 19
Female 29 85 35 29 15
Female 24 65 77 58 31
Female 21 88 38 29 06
Female 21 63 29 46 19
Female 21 63 38 31 23
Male 21 79 35 54 33
Female 21 83 29 19 17
Male 24 79 44 42 17
Averages | 28.04| 75.44 37.22 41.11 21.70
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Table 6.3.3.2: Correct detections of emotional clusters using video clips.

Gender Age Absolute hits per quadrant
Quv (%) | Qav (%)| Qav (%)| Qav (%)
Male 18 80 36 68 28
Male 20 77 32 65 25
Male 21 68 23 35 33
Male 21 64 39 21 30
Female 23 57 14 44 08
Female 28 91 12 25 31
Female 46 68 25 31 15
Female 50 54 39 17 32
Female 50 61 09 19 06
Male 39 53 24 44 23
Male 40 55 25 22 27
Male 47 51 21 28 25
Female 23 66 28 00 04
Female 23 97 09 06 00
Female 21 78 22 14 03
Male 23 60 18 22 09
Female 23 54 17 19 00
Female 22 53 19 28 11
Male 37 40 25 22 13
Female 29 70 06 22 16
Female 24 62 14 42 03
Female 21 82 17 14 05
Female 21 77 28 17 06
Female 21 78 19 36 10
Male 21 57 10 30 00
Female 21 70 22 22 09
Male 24 80 28 17 07
Averages | 28.04| 66.78 21.52 27.04 14.04

It is worth commenting that all figures in the previous two tables denoting low engagement
matching percentages (below 10%) were either because particular candidates had coincidently
watched the particular clip many times before. One female participant had problem handling
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the apparatus indicating bad contact. Problems of contact with the sensing device were not
encountered but partly in one section of the experiment caused by erroneous handling,

otherwise data acquisition was obtained dependably and fully uninterrupted.

Data obtained from the psychosomatic response acquisition as successful allocations display
optimally higher success rates as higher activation and more positive valence was expressed.
A graphical representation indicating clearly this effect can be seen in Figure 6.3.3.2,
presenting a percentage rate of successful measurements for IAPS pictures and video sessions

cumulatively for each Quadrant.
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Figure 6.3.3.2: Correct detections of emotional clusters for IAPS pictures and videos.

An important constraint in the study reported in this paper was related to the selection of the
videos for the second part of the experimental procedure. Whereas the image sets consisted of
images with pre-validated arousal and valence scores (IAPS), the videos were selected with
practical and empirical criteria based upon the realistic expectations of the psychosomatic
response they would elicit to the participants. However, the responses of the participants to the
images for each quadrant (as detected by the system) were not correlated with the responses to

the videos for that respective quadrant — in other words, no significant correlations were found
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between image set 1 and video 1, image set 2 and video 2, image set 3 and video 3, and image
set 4 and video 4 (as one would expect if the videos did indeed elicit the same affective reaction
as their respective image sets). This was mainly because by design the picture assessment set
was depicted with specific emotional allocation criteria, however, the video captions were

actually causing a wider range of emotion much harder to concur.

Statistically significant correlations among image sets and videos may be seen on table 6.3.3.3.

Table 6.3.3.3: Significant correlations between the accuracy of quadrant detection
among image sets and videos.

Qap Qv Qav Qav
Qur 410" | .515™
Qzp 652"
Qsp -.329"
Qup .399"
Qav 522"

*p<0.05; **p<0.01
(rows and columns that contain no significant correlations are omitted)

Furthermore, paired samples t-tests indicated that the differences in response accuracy for each
image-video pair were significant: t1(26) = 2.623, p = 0.014; t226) = 5.400, p = 0.001; t3(26) =
4.422, p = 0.001; t4(26) = 3.029, p = 0.005 (Table 6.3.3.4).

Table 6.3.3.4: Differences in participant response accuracy means for each image-video pair.

*p < 0.05; ** p<=0.01

Pair Image Video A
Qr-Quv | 75.44 66.78 8.66"
Q2r-Qav | 37.22 21.52 15.70™
Qszr-Qav | 41.11 27.04 14.07"
Qar-Qav | 21.70 14.04 7.66™

Given that the image set was already validated, the most obvious explanation for the

discrepancy described above was that the videos, which were chosen for the experiments, did
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not generate the emotion or emotional intensity exactly to the same level as that of the image
set (IAPS). Another explanation, which was not necessarily contrary to the aforementioned
one, was that cultural factors “offset” the expected affective response in one or both dimensions
— i.e. an image that is expected to result in high valence and low arousal according to IAPS
may, for reasons related to the Greek cultural context, not cause such a reaction to individuals
who have primarily been exposed to that context. In light of the above, it is essential that
validated video clip sets be used in future experiments so as to avoid any ambiguity in the

interpretation of the results.

It is worth commenting that valid measurement rate was 98.2% for all participants with 1.8%
“no-contact” errors occurring when the participants left the mouse during the test session.
Percentage rates of valid measurements per quadrant can be seen in the cumulative radar plot
in Figure 6.3.3.3, for IAPS pictures and videos respectively. The higher accuracy in quadrants
indicating positive gradients of both valence and arousal, (i.e. high levels of engagement) can

be seen clearly.
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Figure 6.3.3.3: Successful measurements per quadrant for IAPS pictures and videos respectively.

Interesting observations can be made from studying the density functions of measured data for
the responses of pictorial stimuli as well as the video sessions. The distribution of data in
relation to the mean value representing the value of percent success rate, reveals behavioural
patterns that can provide additional information if studied individually for each profile group.
Clusters with HR/STC gradient data in quadrants 3 and 4, appear to have more distant
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distributions from the mean value, showing tentative and rather volatile reading behaviour,
(Figure 6.3.3.4).

?
N
/_) 1

Count
.|
\
.
= | S L S S
| — — — —
//
=
i — o o
\
\

Figure 6.3.3.4: Density graph of allocated measurements per quadrant - IAPS

For the video session the density functions expose a different pattern with salient responses

only in the third quadrant as shown in Figure 6.3.3.5 below.
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Figure 6.3.3.5: Density graph of allocated measurements per quadrant - video

Sharp responses indicated a more prominent transition in lesser space of time than those
indicated by the wider distributions suggesting that impressions left in shorter amount of time
(i.e. pictures) produced higher values of engagement than those produced by a smoother

transition provided by consecutive impressions instigated by the video.
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With the exception of the third video (Qav), to which response accuracy was significantly
higher for men compared to women (independent samples t-test: t(25) = -2.352, p = 0.027), no
gender-related differences in accuracy were found to be statistically significant (see Table
6.3.3.5).

Table 6.3.3.5: Comparison of response accuracy between male and female participants.

MALE FEMALE

Mean | s.d. mean s.d.
Qwr |38.18 |4.285 |34.81 |4.956
Qxr [20.36 |2.024 |16.13 |1.516
Qsp |22.09 |4.969 |18.06 |5.836
Qs |12.18 |4.875 |9.13 3.631
Qwv | 67.55 |10.093 | 66.25 | 15.597
Q2v | 24.09 |10.425 |19.75 |7.523
Qav |34.82 |18.236 | 21.69 | 10.806
Qsv |18.00 |12.008 | 11.31 | 9.965

Compiled results from the psychometric tests were corresponded to those collected from the
real time physiological response acquisition system. The participants’ scores on the five factors
of personality derived from the NEO-FFI and the categorization of these scores (“very low”,
“low”, “average”, “high”, and “very high”) may be seen on tables 5 and 6, respectively,
separated by gender.

With respect to personality factors as numeric values, no gender differences were found to be
statistically significant. However, significant associations between personality category and
gender have been found in the case of Extraversion and Conscientiousness (Fisher’s Exact Test,

p =0.023 and p = 0.047, respectively).
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Table 6.3.3.6: Means and standard deviations of personality factors separated by gender.

MALE FEMALE | OVERALL

mean | s.d | mean | s.d. | mean | s.d.

N |20.00 | 8.44 |25.06 |8.23|23.00 | 8.54
E |35.27 [ 827 |30.50 | 4.37 | 32.44 | 6.56
O |27.73 724 |3213|6.73|30.33 |7.15
A |29.00 | 7.25 |29.69 | 3.77 | 29.41 | 5.34
C |3155|10.55|33.63 |4.90|32.78 | 7.59
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Table 6.3.3.7: Frequencies of the participants’ personality factor categories separated by gender.

MALE | FEMALE | TOTAL
Neuroticism
Low 2 3 5
Average 5 5 10
High 3 5 8
Very high 1 3 4
Extraversion
Low 1 2 3
Average 2 7 9
High 3 7 10
Very high 5 - 5
Openness to experience
Very low 1 - 1
Low 2 1 3
Average 4 6 10
High 4 4 8
Very high - 5 5
Agreeableness
Very low 2 2 4
Low 4 8 12
Average 2 5 7
High 3 1 4
Conscientiousness
Very low 4 1 5
Low - 4 4
Average 4 8 12
High 1 3 4
Very high 2 - 2
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Regarding Trait Anxiety, females (mean = 44.19, s.d. = 10.703) scored higher than men (mean
= 35.18, s.d. = 9.622). A Mann Whitney test indicated that the difference in Trait Anxiety
scores across genders was statistically significant (p = 0.024). For the entire sample, the mean
was 40.52 and the standard deviation was 11.061. As expected, Trait Anxiety correlates
relatively highly with Neuroticism (r = 0.648, p = 0.001); Agreeableness (r = —0.423, p =
0.028). No correlation was found between Trait Anxiety and any of the other factors of

personality.

The means and standard deviations of Emotion Regulation and its subscales may be seen on
Table 6.3.3.8 (gender-based differences are not significant).

Table 6.3.3.8: Means and standard deviations of Emotion Regulation and its subscales

MALE FEMALE TOTAL

mean | s.d. | Mean | s.d. | mean | s.d.
ER 341 044|313 |046|3.24 |0.46
El 339 (047|327 |0.34]332 [040
Ere 391 (056|398 |0.48 395 |0.50
EMa 327 |0.68|3.04 |0.63|3.13 |0.65
EMo 3.09 |0.77|291 |0.53|298 |0.63
Expe +Expr | 3.19 | 0.60 | 281 | 0.58|2.96 |0.60
Expe 296 [0.67|267 |053]279 |0.60
Expr 342 |0.75]294 |0.80|3.13 |0.80
SE 3.87 070|352 |0.64|3.66 |0.68

(ER: Emotion Regulation; El: Emotional Intelligence; Ere: Emotion Recognition; EMa: Emotional
Management; EMo: Emotional Motivation; Expe: Emotional Experience; Expr: Emotional Experience; SE:
Self-Efficacy).

Emotion Regulation significantly correlates with several factors and sub factors of the NEO-

FFI model of personality. Specifically:
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e Emotion Regulation (as a whole) correlates with Neuroticism (r =-0.718, p = 0.001) and
both of its subscales, i.e. Negative Affect (r = -0.518, p = 0.006) and Self-Reproach (-
0.724, p =0.001).

e Emotional Intelligence correlates with Neuroticism (r = -0.560, p = 0.002) and one of its
subscales, Self-Reproach (r = -0.594, p = 0.001). Additionally, it correlates with
Conscientiousness (r = 0.472, p = 0.013) and two of its subscales, namely Orderliness (r
=0.400, p = 0.039) and Goal-Striving (r = 0.501, p = 0.008).

e Emotion Recognition correlates with the “Positive Affect” subscale of Extraversion (r =
0.446, p = 0.02), the “Intellectual Interests” subscale of Openness to Experience (r =
0.478, p = 0.012), and the “Dependability” subscale of Conscientiousness (r = 0.461, p =
0.016).

e Emotional Management correlates with Neuroticism (r = -0.495, p = 0.009) and both its
subscales (r = -0.491, p = 0.009; r> = -0.395, p = 0.041).

¢ Emotional Motivation correlates with the “Self-Reproach” subscale of Neuroticism (r =
-0.457, p = 0.016), as well as with Conscientiousness (r = 0.57, p = 0.002) and all of its
subscales, i.e. Orderliness (r = 0.481, p = 0.011), Goal-Striving (r = 0.545, p = 0.003),
and Dependability (r = 0.398, p = 0.04).

e Emotional Experience and Expression, taken together as a single construct, correlate with
Neuroticism (r = -0.565, p = 0.002) and both its subscales (r, =-0.416, p = 0.031; r> = -
0.563, p = 0.002).

e Emotional Experience by itself correlates with Neuroticism (r = -0.513, p = 0.006) and
its subscale “Self-Reproach” (r = -0.584, p = 0.001).

e Emotional Expression by itself correlates with Neuroticism (r = -0.468, p = 0.14) and
both its subscales (r. = -0.415, p = 0.031; r, = -0.412, p = 0.033).

e Self-Efficacy correlates with Neuroticism (r = -0.789, p = 0.001) and both its subscales
(r. =-0.598, p = 0.001; r =-0.773, p = 0.001). It also correlates with Extraversion (r =
0.544, p = 0.003) and all its subscales, i.e. Positive Affect (r = 0.436, p = 0.023),
Sociability (r = 0.439, p = 0.022), and Activity (0.433, p = 0.024).
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Trait Anxiety was found to correlate significantly with Emotion Regulation (r = -0.608, p =
0.001), Emotional Intelligence (r = -0.525, p = 0.005), Emotional Experience and Expression
(-0.445, p =0.02), Emotional Experience (r = - 0.555, p = 0.003), and Self-Efficacy (r = -0.666,
p =0.001).

6.3.4 Analysis of the findings

Low to moderate correlations were found between two personality factors (Neuroticism and
Openness to experience) and participant response accuracy for some of the videos. More

specifically:

e Openness to experience was found to correlate with the response to Q2v (r = 0.384, p=
0.048) and Qav (r = 0.493, p = 0.009).

e Neuroticism was found to correlate with the response to Qav (r = 0.426, p = 0.027).

e Some factor subscales were found to correlate with participant response accuracy,
namely:

e Self-reproach (a subscale of Neuroticism) correlates with Q4p (r =—0.383, p = 0.024).

e Aesthetic interests (a subscale of Openness to experience) correlates with Qip(r
—0.391, p = 0.022) and Qav (r=—0.472, p = 0.006).

e Intellectual interests (a subscale of Openness to experience) correlates with Qv (r
0.44, p = 0.011), Q2v (—0.338, p = 0.043), and Qa4v (r =—0.349, p = 0.037).

e Dependability (a subscale of Conscientiousness) was found to correlate with Qp (r =
—0.404, p = 0.018).

When using a five-level personality factor category structure (“very low” to “very high”)
instead of numerical scores, Conscientiousness was found to affect participant response to Qzp
(F = 5.859, p = 0.002). When using a three-level category structure (“below average”,
“average”, and “above average”) for the same factors, Neuroticism was found to influence

participant response to Qsp (F = 3.463, p = 0.048).

The participants’ Trait Anxiety score only correlates significantly with response to Qav (r = -
0.460, p = 0.016).
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Only response accuracy for the fourth image set (Qasp) correlates significantly with Emotion
Regulation (r = 0.396, p = 0.041) and two subscales, “Emotional Experience” by itself (r =
0.428, p = 0.026) and Emotional Experience and Emotional Expression combined (r = 0.44, p
= 0.022). However, a three-level categorization2 of Emotional Management significantly
affects Qzp (F = 3.913, p = 0.034) and Q4 (F = 3.527, p = 0.045). Likewise, a two-level
categorization of the same construct significantly affects Qv (F = 5.743, p = 0.024).

6.3.5 Discussion

Intensified or reduced cardiac rhythm and psychological stress levels were observed in
mutually coinciding patterns derived in emotion stimulating environments. The above
physiological classifiers were studied in order to evaluate their merits for use as a tool for
detecting and categorizing emotional activation denoting levels of engagement. A purpose built
real time acquisition system that has been validated and optimised for detecting focused
attention and user engagement was used for this experimental investigation. Fundamentally the
system has shown a good potential by obtaining high rate of measurements with inconspicuous
operation, fulfilling its primary design objective. No optimization algorithms whatsoever were
applied in the above system or modification of the generic measurement responses in order to
improve data allocation on the real time display model. This was elected by the authors as they
intended to validate the raw capabilities of the two physiological quantities to infer emotional,
affective and cognitive activation. Results have shown that the output of the system was biased
towards the emotional groups with higher positive activation and disposition, as expected due
to the design of the primary use of the system, (i.e. measurements have a rectified projection
towards positive and active). As a result the accuracy was very good at higher levels of
activation caused by emotional affective or cognitive workload, and shown diminishing

performance hedonic and activation levels.

2 We arrived at this categorization by using the z-score as a cut-off point between categories; the “Average” category contains scores that
deviate less than one standard deviation from the mean. All other values are categorized as either above or below average, based on the
direction of the deviation.
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The capabilities of the system to detect involvement and active engagement in absolute values
without any correction or optimization algorithms was optimistically high for the first quadrant
(Male:75%, Female:66%) and below 50% for the other three quadrants. The latter verified the
author’s views that engagement could be detected more clearly when measurements produced
higher activation levels of arousal and valence, as the two physiological parameters measured
were not sufficient to deduce in detail the constituents of emotional elements characterised by
lower activation. As shown in the results outlined in previous sections, identifying emotion
was more difficult than simply measuring cumulative physiological responses interpreted as
states of engagement, as reactions to identical stimuli varied among people with differences in
emotional regulation and personality profile.

6.4 Phase Four - Comparison with commercial products

The experiment used in this part of the system approval resembled a real life application of
educational learning-while-playing environment. The operational outcome of the experiment
was to test the hypothesis that levels of mental workload, engagement, positive emotions and
self-reported game play experience would differ enormously while participants play free-form
(FF) versus formally structured (FS) digital games. The incentive of this research was twofold,
first to demonstrate that FF and FS digital games elicit different kind of game play experiences
and that it can be clearly revealed by psycho-physiological measurements and secondly to
compare data produced between the system developed in our laboratory and those of a
commercially proven product employing facial expression in order to derive the same outcome.
Accomplishment of this study necessitated simultaneous recordings of physiological
measurements of skin conductance (STC), heart rate (HR) and emotion detection data derived
from facial expression (Noldus). A Self-Assessment Manikin (SAM) appraisal was also
included in order to assess how the players perceived their psychosomatic state while playing
Minecraft which was classified as a FF game and Subway Surfers which was considered as an

FS game.

A number of dependent and independent variables defined analytically in the next chapters

have been derived using the STC-HR and Noldus systems in lieu of exploring the correlations
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between game structure and player engagement, however, a very significant parameter
indicating how results from both systems agree and to what extend entails an empirical
assessment derived by visual observation of each particular measurement taken for each
participant. The above parameter provided a very important variable for the statistical analysis
and was defined as gradient and entailed the sign of the angle of the vectorised form of data
measured from both systems. Possible values would be “+” for rising and “-* for falling
gradient and was used in direct comparison as it was derived by both testing systems on each
instance of measurement. Exploring also the purpose to find optimal relationships between FF
and FS with view to integrate characteristics of digital games in educational settings, an effort
was made to identify significant correlations between the quality of players’ engagement and
the style of play that a digital game offered, depending on whether the latter focused more on
the game dimension (formally structured games) or the play dimension (free-from games) of
gameplay. Putting the above plan in context within a broader research plan for using digital
games (adventure games, in particular) as learning frameworks, it was aimed to:

a) evaluate results produced during the experiments by two systems operating and
deriving conclusions from completely different principles and identify similarities in
commonly identified variables. One system was using biofeedback principles
effectively measuring STC and HR, while the other system was deriving its conclusions
by employing interpretation of facial expression. Comparison of conclusively derived
quantities was also accomplished when and where that was possible. Finally SAM
responses from the participants were also included and correlated.

b) formalize a concept of game structure, and prove the ability to evaluate its
presence/absence in different digital games; more specifically, that was an attempt to
achieve the formalization and, eventually the quantitative assessment of a concept of
game structure in FF and FS structured digital games, through representing the
gameplay flow and states on diagrammatic formalisms such as State Transition
Diagrams, and trying to arrive at typologies that would allow to place different digital
games at various points on an axis between free creativity and rule-bound complexity.

c) formalise a concept of player engagement in digital games and making possible to size

the mental engagement of the user while involved in a digital game or learning
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environment. In this respect recognising the difficulties involved when it comes to
distinguishing between focusing attention, mental, cognitive, affective or psychological
engagement and particularly due to the similar responses of the above psychological
states when it comes to either physiological or facial expression, we aimed at measuring
player engagement as a compact unit conclusively by employing a variety of available
tools such as observation, questionnaires and emerging approaches such as facial
expression recognition and bio-feedback measurements.

d) explore the elements of game mechanics that digital games should have in order to
exhibit a game structure that leads to optimal player engagement. Longer term intention
was to develop the capability to design and validate a heuristic framework for designing
formally structured, and thus more engaging, digital games.

e) provide essential guidelines in order to select and/or design digital games for language
learning for preschool and primary school children that will exhibit an optimal game
structure. The capability to formulate and evaluate fundamental guidelines for selecting
and/or designing digital games for learning verified by quantified biofeedback user
responses and facial expression in order to provide an optimised structure and thus
create maximum engagement was not in existence up to the date of this study.

f) study the learning outcomes of preschool and primary school children on language
learning while playing digital games and being assessed by our systems, with view to
exploring and maximising the effectiveness of FF and FS digital games for language

learning.

An analysis on how was engagement derived by measuring STC, HR and facial expression
during freeform and formally structured game play and what was the role of the terms valence
and arousal in the composition of the psychosomatic analysis of the user can be found further
on in this text. An overview of the theoretical framework in the field of freedom of play and
existing methods of evaluating game play experience was following. Next, was found a
description of the experimental design and the data collection methods used in this research.
Finally, the main research findings and a short discussion with concluding remarks and

suggestions for future research in this area were drawn in the last section.
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6.4.1 Free-form and formally structured digital games

Game play thought to be by definition in game studies a special kind of a formalized subset of
action, within various ‘ludic activities’, which in turn were placed within the even more general

category of ‘being playful’ (Salen & Zimmerman 2004).

Fundamental to the discussion of rules and freedom in play was the distinction Roger Caillois
(2001) introduced by identifying two forms of play, paidia and ludus. According to Caillois, it
was possible to approach each kind of game or play form with structures, rules, goals and limits
(ludus), or with a more unstructured, spontaneous and free act of play (paidia).

Gonzalo Frasca (2003) has developed Caillois’ theory further and noted how certain games
were more clearly designed for a formally defined ludus gameplay — they were typically
focused on winning and losing, the counting of points, and they generally provided players
with clearly defined goals during gameplay. In contrast, games designed with more open goals,
exploration, experimentation and improvisation in mind were more likely to invite a paidia
style of free, playful behaviors. As McGregor (2008) designated, using Frasca’s understanding
of Caillois terms, the spectrum between paidia and ludus in relation to digital games operates
between ludus as a structured goal-driven type of activity, with clearly defined or formalized
rules, and paidia as a freeform type of activity, with undefined goals and undefined but implicit

or informal cultural rules.

Konstantin Mitgutsch (2008) recently noted that while a number of digital games focus on the
game-dimension of game play, such as rules, goals and structures (referred to as ludus (Caillois,
2001)) there are other digital games that focus on the play-dimension of game play, such as
unstructured, spontaneous and free act of play (referred to by Caillois (2001) as paidia). On
this basis it may be concluded that digital games categories can be considered to lie at various

points on an axis of play between totally FF activity and FS goal-driven activity:
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The “formally structured” end of the axis focused on the game-dimension of game play, such
as rules, goals and structures. Games that would lie at this end comprise “formally structured”
digital games which are more strictly defined since

(a) they have an explicit set of winning and losing rules which force players to take specific
paths to reach goals and ensure that all players follow the same paths;

(b) they have pre-determined and clear goals whether these are to beat players’ high
score, progress to the next level or complete the game in full, etc.;

(c) they provide immediate feedback which lets players know immediately whether what
they have done is positive or negative for them in the game, whether they are staying
within or breaking the rules, moving closer to the goal or further away and how they
are doing versus the competition;

(d) they have structured designer-generated activities with linear game play which confront
players with a fixed sequence of challenges; and

(e) they have a defined space and time which include any narrative or story elements in the

game.

The “free-form” end of the axis focused on the play-dimension of game play, such as
unstructured, spontaneous and free acts of play. Games that would lie at this end comprised
“free-form” digital games that
(a) had no set of rules pre-determined by the game designers or if there were rules they were
informal and flexible and the player had the freedom to use them or not;
(b) exhibited no pre-defined goals but accommodated players’ goals that were entirely
intrinsic and personal;
(¢) had no “winning plot”, as they were more open-ended; and
(d) included nonlinear game play which allowed for greater player freedom than games with

linear game play.
In free-form games the players had more freedom to decide what to do, to set their own

individual goals and determine their rules, path, scenarios and plots. As a system of rules that

defined a victory or a defeat, a gain or a loss was not in place, the players’ aim was not to win
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but rather to learn the game through exploration and discovery play. The players were in effect

the authors of the play and the goals in digital games of this category, and this was the only

decision made by the game designers in regard to the players.

6.4.2 Psycho-physiological metrics

Recent methods of evaluating game play experience embraced both objective and subjective

measurements. Objective methods entail tangible non-invasive measurements that attempt to

identify attention, mental effort, engagement and emotional responses typically expressed in

two constituent components of active or passive state of arousal and positive or negative

emotional valence. Physiological measurements providing data as indicators of player’s

emotional and psychosomatic condition included:

a)

b)

d)

Electro-dermal activity (EDA), one of the most commonly acquired direct and reliable
physiological quantities (also referred to as skin conductance, SC and galvanic skin
response, GSR). The quantity measured was directly related to psychological stress
expressed as dilatation of sweat gland secretion, activity that was directly related to
physical reactions to activated mental activity and positive arousal.

Cardiovascular activity readings (heart rate, HR; pulse rate, BPM; heart rate variability,
HRV) have been among the most widely used physiological indicators in many research
areas, but because the heart and circulatory system could be affected and regulated by
many different neurological, hormonal or adrenal bodily processes, interpreting the
signal’s relevance to the game context can be challenging.

Muscular activity measurement (electromyography, EMG), a technology providing for
readings of the electrical activity of muscles. Mental engagement, cognitive workload,
affect or basic emotion cause involuntary muscular contractions in the intestinal tract
as well as skeletal movements in response to excessive disconcertion. (Tortora &
Grabowski 2009).

Facial expression assessment (emotional facial recognition, EFR), a measurement
technology using visual analysis of facial expression through emotional reaction. Basic

emotion have a well reflected signature in facial expressions. Subsequently, this
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allowed for a mapping of expressions to emotion and successively in the classification
model of affect (Russell, 1980).

e) Electroencephalography (EEG), the measurement of electrical potentials of brain
activity in the form of frequency wave patterns. That measurement required the
participant to be kept immovable and wear precisely located scalp electrodes, making
this measurement appropriate strictly for laboratory use. Brain waves were usually
described in terms of frequency bands, such as alpha, theta etc. representing empirical
allocation to mental activities. (e.g. Theta waves correspond to sleeping etc.).

f) Electro-oculogram (EOG) is the measurement measuring the corneo-retinal standing
potential that exists between the front and the back of the human eye hence activity of
the visual cortex. Strictly for laboratory use and advanced diagnosis of mental
awareness such as in aeroplane pilots and medical pathology.

g) Eye pupil size measurement (Pupilometry PM), visual detection of changes in
participants’ pupilary diameter due to dilations or contractions caused when focusing
with varied magnitude of attentiveness. Since the optical nerve of the human eye is
anatomically connected to amygdala substantia innominata (Jainta & Baccino, 2010) it
has been recognised as a dependable indicator of emotional and affective activity
(Lewis, Critchley, Rotshtein, Dolan. 2007).

Although scientific literature regarding physiological game studies is growing, there have been
few attempts at validating proven psycho-physiological results in the context of digital games.
Mandryk (2008) supports the use of psycho-physiological data in game research, although
utilizes small sample sizes. Others researches support the use of EDA and HR (Drachen et al.
2010) or EDA and EFR (Nacke & Lindley 2009) and concluded with a recommendation for
the methodology in a game context. Mandryk and Atkins (2007) modelled five emotions using
an input of EDA, EFR and a cardiac measurement, to predict self-reports with tentative success.
Finally, Yannakakis and Hallam (2008) successfully used a similar approach to create a model

of children’s entertainment preferences, measuring cardiac indices and EDA.
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Psycho-physiological measurements were optimally beneficial because they could provide
accurate and involuntary hence objective data recordings, unaffected by misleading
behavioural or other intentional distractions introduced by the participant (Cacioppo, Tassinary
& Berntson, 2007). Furthermore, the above measurements when in an appropriate experimental
setup such as the one described herein, could operate and be recorded in real-time, without
disturbing or affecting by any means the participant's natural behaviour. Another important
benefit when employing psycho-physiological measurement methods was the adaptable
sensitivity: ‘measures are sensitive enough to pick up responses smaller than what the human
eye can detect’ (Kivikangas et al., 2011). Adding to the above, levels of arousal and
responsiveness can differ among individuals and even between situations (Glynn, Christenfeld
& Gerin, 2002). As far as accuracy of measurements goes, external interference factors such
as unrelated physical activity or motion could alter responses - as it would be more obvious in
systems measuring muscular activity that would in such cases produce misleading or hard to
interpret results - however, in the system and experimental setup used for this reading the effect

from the above factors was minimal, as muscular activity was not included.

According to Ravaja (2004), physiological measurements do not constitute self-reliant
indicators of emotion or affect, therefore, they are most commonly applied together with
supporting tools and questionnaires in order to contextualize the measurements (Nacke 2009).
This process included the very important task to identify patterns in the physiological responses
of users that reflected provoked emotional responses. Therefore, the correlation of
physiological measurement with self-reported responses was receiving more attention in game
research (Nacke, 2009; Nacke & Lindley. 2009). Knowledge about how well objective and
subjective measures of gameplay experiences would complement or correlate is relatively
limited to date. Mandryk, Inkepn, & Calvert, (2006), Yannakakis & Hallam, (2008), Ravaja et
al. (2008) and Drachen et al. (2010) used both psycho-physiological and subjective measures
in the study of emotional components of gameplay experience, however, amid those, the
studies of Yannakakis & Hallam (2008) and Drachen et al., (2010) found statistical correlations
among these measures. Mandryk, Inkepn, & Calvert, (2006) reported correlates between
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psycho-physiological measurements and specific self-reported measures of boredom,
challenge, frustration and fun.

The two systems used for the experiments served a complementary purpose, deducing from
one side natural physiological responses and on the other side emotional status through analysis
of facial expressions. There was however at least one measured quantity that was common to
both systems, namely valence. In the SCL/HR system, valence was represented as one variable
on a biaxial representation while in Noldus system valence was represented as a line in a graph.
During instances that HR and STC were both producing an increased or decreased quantity
compared to their previous value of measurement (slope technique), this condition was defined
as positive or negative gradient respectively. Gradient responses from the HR/STC system
plotted and compared to the corresponding graph of NOLDUS system for identical instances
of measurement have shown a high degree of agreeing values ranging from 63.48 — 100.00%,
mean 89.60% and sd=9.63%. It is worth noticing that although valence was deduced by two
systems based on two completely different principles, resulting measurements were nearly
identical. Since player’s engagement can greatly impact learning, psycho-physiological data
can indeed be useful for the assessment of player’s affective performance in digital games,
especially when correlated with subjective data. Until now only findings for First Person
Shooting games have been reported (Nacke, Grimshaw & Lindley 2010; Drachen et al. 2010).
Would the psycho-physiological and subjective measurement prove to be informative for other
game genres, including adventure games? This study was endeavoured to fill the gap in the
literature by examining the usefulness of psycho-physiological try-outs in conjunction with

subjective methods for adventure digital games.

6.4.3 Research objectives and hypotheses

The scientific objective of this research beyond the cross-validation of the two independent
systems employed for the experiments was the validation of the effectiveness of a Freedom of
Choice (FoC) model for the quantitative and qualitative assessment in adventure digital games
based on the structural characteristics of games and the perceptions of students. The

development of FoC model has been based on a systematic literature review and has been
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grounded empirically in our previous studies (Kirginas & Gouscos, 2015a; 2015b). More
specifically the conception of this study was to answer the question of whether psycho-
physiological reactions measured by facial analysis software, biofeedback measuring devices,
and self-reported experiences, represented in a two dimensional rating system based on mood
(valence) and excitement (arousal), differ between digital games focused on play-dimension

versus game-dimension of game play.

During an experimental session, the trait of successive STC data produced the tonic response
while instantaneous measuring values produced the phasic responses, namely a discrete
response to a stimulus. By design the accuracy required that psycho-physiological data were
examined for individual game events, in addition to comparing the mean values scored in both
of the games. Thus, five distinct game events were defined characterized by discreet and
specific affective and emotional characteristics. Events were falling into one of the following
headings: win, loss, reward, control and move. This classification applied to both digital
adventure games (Minecraft and Subway Surfers). The game events distinguished above could
be regarded as elementary choices of games, and although digital games could differ as a whole
or may be quite analogous to each other, many of them include very comparable game events
(thus, these game events owed to be applied with some notion of generality). Given the fact
that there was minimum material from prior studies, no firm hypotheses could be framed about

relationships between emotional responses and game events.

More specifically, this study aimed to (a) to measure the overall physiological responses, facial
expressions (i.e. HR, STC, derived state of engagement, affect derived from facial expressions)
and self-reported experiences to different kinds of digital games, (b) to examine physiological
responses and facial expressions to different digital game events and (c) to cross validate

measurements derived from two fundamentally different platforms of affective detection.

Page | 156



Chapter 6: Experimental Evaluation

Based on the above objectives the following experimental hypotheses were formulated:

H1: Participants should be reporting higher levels of pleasure and excitement when playing
freeform digital games (Minecraft) than formally structured ones (Subway Surfers).
H2:Participants should be experiencing lower values of physiological stress when playing
freeform digital games (Minecraft) than those measured when playing formally structured
ones (Subway Surfers).

H3: Participants should be experiencing in average lower HR values and lower HRV when
playing freeform digital games than formally structured ones.

H4: Participants should express higher levels of positive engagement when playing
freeform digital games than formally structured ones.

H5:Participants measured data should deduce higher positive experience values when

playing freeform digital games than formally structured ones.

6.4.4 Methodology

The experiments were conducted in a classroom environment in the premises of the Laboratory
of New Technologies in Communication, Education and Mass Media at the University of
Athens. Physiological data acquired by using an HR and STC biofeedback system developed
in house including electronic devices and computer software. Simultaneously, a typical
computer camera captured players’ facial expressions using FaceReader 4 Software developed
by Noldus™. The screen visualization of the game, the camera recording of the facial activity
content, and the screens containing the physiological data, graphs and real-time predictive
parameters were synchronized into a single video display, recorded onto hard disc. After a brief
description of the experiment, all participants filled out a background questionnaire. The
questionnaire was used to gather personal information such as age, experience with digital
games, frequency of digital gameplay and preferences of freedom of choice. The playing order
was randomized between participants. Participants played each of the two games for 10
minutes following an introduction to the game controls. After each play session, participants
performed a valence and arousal rating for each of the two games via the Self-Assessment
Manikin (SAM) scale.
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6.4.5 Participants

A total of 25 students (18 male and 7 female), aged between 9 and 12 years old (mean=10.77,
SD=0.74) took place in the experiments. Three of the above students were not included in the
final assessment as they refrained from proper use of the system during the session, producing
unnecessary discontinuities either leaving the computer mouse or causing inconsistencies in
facial video recordings. An overwhelming majority of the participants consisted of players
classifying themselves as “more frequent” players. When users were asked to rate how often
they played digital games, 13 subjects stated that they played games every day, 7 twice a week
and 2 subjects stated that they played rather rarely (once or twice a month). A substantial part
of the participants consisted of more experienced players as 20 of them used to play digital
games in the past for more than 4 years.

The criteria for selecting the games used in this research were distinguished a game according
to pre-designated goals and pre-designed game play paths and a game that, having no pre-
designated goals, neither a single “winning plot”, could give room to many different player-
generated gameplay paths. Games in the first category were considered as ‘‘formally
structured” (FS) games (Subway Surfers), while the ones in the second category were

considered as “free-form” (FF) games (Minecraft).

Since there are numerous FS and FF digital games, the following set of criteria were used to

further select the most suitable game formation:

6.4.6. Nonlinear gameplay vs. linear gameplay

In non-linear game play it was implied that games have formed choices available to the players;
different paths that the players could select arbitrary in order to explore the game scenario from
one point to another throughout the game. Linear game play on the contrary, was characterised
by the sentiment that players had to follow a single path to only one objective with no options
for alternate paths or methods for accomplishing this objective. Players in linear game play
could learn new experiences in a predetermined manner and developers utilise this form

ensuring that players would follow a pre-designed game path exclusively.
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6.4.7. Multiple solutions vs. unique solution to challenges

FF games present to the player multiple solutions and challenges during the unfolding scenario
and authorise many different player-generated paths for game play. Not every player will go
about solving a situation in the same way and, given that these alternate solutions are
reasonable, almost any challenge must have multiple ways for players to overcome it. Formally
structured games offer unique solutions to challenges (every player overcomes a challenge in
the same way) and this does not allow players to come up with different ways to proceed in the

game.

6.4.8. Free vs. fixed sequence of challenges

In FF games players have the ability to choose the order in which they face challenges. Giving
players choices of different challenges to overcome allows them to put aside a difficult
challenge and occupy themselves with another one for a while. After completing the second
challenge, players may return to the first gratified and less stressed/better concentrated, and
thereby stand a better chance of overcoming it. On the contrary, FS games have structured
designer-generated activities which confront players with a fixed sequence of challenges.
Games with a fixed sequence of challenges allow players to approach only one challenge at a
time. In order to even attempt a second challenge, players must complete the first one. This is
especially frustrating when players cannot overcome a particular challenge and can do nothing

else until that challenge is successfully met.

6.4.9. Selection vs. Pre-Defined Sets of Challenges

FF games allow players to choose which challenges they want to overcome or not. From the
perspective of games for learning in particular, such games can result in improving students’
learning by increasing their interest due to the pleasant and attractive environment that they
offer, often contrary to conventional learning environments. On the contrary, FS games have
structured activities which confront players with a pre-defined set of challenges, that all need

to be overcome.
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6.4.10 Criteria for Selection of Digital Games

Applying the above criteria, two digital games with different characteristics and gameplay

types were selected and used in this research:

1) Minecraft (https://minecraft.net/) and

2) Subway Surfers (http://www.kiloo.com/games/subway-surfers/).

A brief presentation of these games follows. Minecraft (Figure 6.4.10.1) is an open
environment game that has no specific goals for the player to accomplish, offering to players a
large amount of freedom in choosing how to play the game. The core game play revolves
around breaking and placing blocks. The game world is composed of rough 3D objects -mainly
cubes- arranged in a fixed grid pattern and representing different materials, such as dirt, stone,
various ores, water, lava, tree trunks, etc. While players can move freely across the world,
objects can only be placed at fixed locations on the grid. Players can remove these material
blocks by destroying them and place new ones elsewhere, thus allowing for various
constructions. The game primarily consists of four game modes: survival, creative, adventure,
and spectator. It also has a changeable difficulty system of four levels; the easiest difficulty

(peaceful) removes any hostile creatures that spawn.
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Figure 6.4.10.1: Screenshot from Minecraft

A screenshot of data capture during the experiment is shown in Figure 6.4.9.1 and a screen

sample of the experimental setting in Figure 6.4.10.2 respectively.
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Figure 6.4.10.2: Sample experiment screenshot
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Subway Surfers (Figure 6.4.10.3) is an "endless running"” digital game. Players of the game
take the role of teenage hooligans who, upon being caught in the act of applying graffiti to
(tagging) a metro railway site, run down the tracks to escape the Inspector and his dog. The
objective of the game is to collect coins and other rewards while running through an endless
game world. Trains and other obstacles must be avoided by performing well-timed jumps
(swipe up), rolls (swipe down) and sideways moves (swipe left and right). Occasionally the
characters surf on boards, soar over the train tracks and even run along overhead wires. Special
missions reward players with bonuses for accomplishing specific tasks. The game ends when
the surfer either stumbles and is apprehended or crashes directly into various obstacles. In this
experiment we used a customized version of the game for PC.
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Figure 6.4.10.3: Screenshot from Subway Surfers
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A screenshot of the complete setup for the experiment is shown in Figure 6.4.10.4.

Figure 6.4.10.4: Experimental setup screenshot
6.4.11 Data collection methods

The study was designed to measure physiological responses, emotional reactions and self-
reported experiences during game play. Consequently, during the study we measured both
students’ self-reported experience of each digital game played and measured their
physiological responses and emotional reactions using a range of measurement tools. The

measures are described in more detail below.

6.4.11.1 Self Assessment Manikin

The Self-Assessment Manikin (SAM) was originally a three dimensional rating system based
on pleasure (valence), activation (arousal) and superimposition (dominance) (Lang, 1985). In
this experiment only the two dimensions for valence and arousal were utilised. Also, a seven
point scale was used instead of the original nine point scale to reduce the decision time for the
subjects. Figure 6.4.11.1.1 shows the graphical representation of SAM. The upper scale
evaluates the valence, while the lower evaluates the arousal. Both of the scales have seven
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different values. For the evaluation the different values got numbers from -3 to 3, in order to

map them into the valence-arousal space.

.
L
L
L

Figure 6.4.11.1.1: The Self-Assessment Manikin (SAM) used to rate the affective dimensions
of valence (top panel) and arousal (bottom panel)

6.4.11.2 Biofeedback Measuring Device

A device designed and built in the Laboratories of New technologies of the department was
used for the experiments (Psaltis & Mourlas, 2011), featuring the advantage of a completely
unobtrusive measurement and seamless operation from the part of the user. The complete
system consisted of: a sensing part that was accommodated onto a typical computer mouse, an
analogue electronic circuit that processed and fed the two modals acquired through to a typical
home computer and finally a software component that transformed the measured quantities into
an appropriate meaningful form to accommodate display and recording. STC was detected by
direct skin contact of the thumb and ring fingers with contact ring shape sensors located on the
left and right sides of the computer mouse respectively. The areas of the epidermis (stratum
corneum) of the fingertips reputably the densest parts of the human body in sweat glands and
nerve endings (Gray, 1977) conveniently provide a highly reliable source for our instrument
with optimal response to stress type stimuli. HR was detected by infrared sensors located in the

centre of the ring shaped STC sensors, based on the principle of reflective Near Infra Red
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Absorption (NIRA) occurring during the changes of the colour absorption of the skin caused
by the pulsation of the blood content in the tissue. A dual sensing circuit of the HR, (one at
each finger) minimised interference and reading errors and helped to eliminate movement
artefacts. Further analogue filtering and scaling ensured reliable pulse detection while Software
algorithms compensated for missing pulse detection, ectopic beats, offset pulse elimination, as
well as inconsistencies between measurements improving further the accuracy of the system.
Skin Conductance and Heart Rate values, after an appropriate value scaling were mapped in
real time onto a biaxial arrangement and were treated as values corresponding to those of
arousal and valence respectively. Coinciding increases and reductions of STC and HR
simultaneously generated a corresponding positive or negative gradient (slope technique). The
four combinations derived from the two modals (i.e. Gur+Gsc+, GHr+Gsc-, GHr-Gsc-, GHRr-
Gsct) were treated as indicators, classifying thus the user state into a four quadrant

representation of clusters of emotion, analogous to circumplex of emotion (Russell, 1980).

6.4.11.3 FaceReader Emotion Detection Software

Face-Reader version 4.0, a commercial product developed by Noldus Information Technology,
was used to identify and classify facial expressions. FaceReader, using a computer camera and
appropriate software program components and algorithms, evaluated on a video frame-by-
frame basis, facial expressions in terms of seven emotional states — happy, sad, angry,
surprised, scared, disgusted, and “neutral”. The values of those variables reflect a measure of
the magnitude of the specific emotion being detected in a scale from 0 (not at all) to 100 (perfect
match). The emotional state “Surprise” was excluded from the present study, given its
ambiguity with respect to valence component. Behavioural problems resulting difficulties in
capturing expressions from two subjects and impediments in conformance with speechlessness
and breathing made data being doubtful end therefore classified unusable. While data for these
participants were excluded from all analyses, it is worth noticing that the hitch was purely
caused by erroneous neglect from the part of the user and not because of downsides of the

systems. A caption of Face-Reader 4.0 during an experiment is shown in Figure 6.4.11.3.1.
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Figure 6.4.11.3.1: The interface of FaceReader 4.0
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7. Discussion and Interpretation of Results

Primarily the distinction between essential forms of data involved in this effort was deemed
necessary since the nature of data was ranging from permeability current signals up to pure
parametric derivatives and quantified states of engagement. In one end, input data were actually
generated from biological electrical activity and for that reason they could not be simulated by
devices or simulators. To illustrate this further, considering the skin trans-conductance
measurement where initially no signal of any kind exists in the human body. If an instantaneous
minute current was transmitted through the skin, it would have been dissipated and absorbed
by the subcutaneous levels of the skin due to its physical electrolytic characteristics spreading
the electrons to a full attenuation of the signal, thus producing no output. Repetitively
nourishing the small current by generating a feedback loop, the circuit obtains intermittently
the instantaneous output corresponding to the instantaneous input produced. Since the
instantaneous input is stable, invariable and known, any changes in the output are entirely
depended upon alterations in the characteristics of the skin permeability. Subsequently,
according to studies mentioned in the literature review documented thoroughly, the measured
quantity derived from the above measurement is the expression of the excitation of the

autonomic nervous system.

As far as the HR measurement is concerned, the input signal is obtained by amplified optical
signals detecting the change in coloration of the skin. The output of the HR circuit fed to the
PC is an analogue voltage wave and therefore for testing purposes, a simulated electrical signal
was used producing a pre-programmed signal identical to a perfect HR wave. The simulated
input signal made possible to verify the precision and accuracy of reproduction of the shape

and the count of the pulses.

Input signals as they were produced and conditioned by the electronics were effectively
transformed into numerical values representing a frequency signal for the STC and a pure
analogue pulse for the HR, which was then processed by software in order to derive the rate of

heart beats per second. STC, HR and HRV data were then used to derive gradients of each
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channel of input and then forwarded to the data display allocation algorithm on each cycle of
measurement and in real time. It is apparent from the above illustration that a method to
correspond the interpreted values to those expected had to be devised. The four phases of the
study were undertaken to reach the point of validation, verification, repeatability and

consistency of the system for approximations of evoked affective conditions.

7.1 Results: Phase One — Device and Systems Evaluation

Testing procedures of the HR-STC system were designed to validate seamless operation, timely
response and certainly accuracy, of measured quantities, based on:
e bench tests, (ie. spectrum analysis, frequency response stability, pulse count burst
analysis),
e electronic stress tests (i.e. responses to noisy input signals, interference tests and signals
below or above the allowed quantities) and

e pilot tests with actual participants and strong emotional case scenarios.

Although the input signals to this phase were essentially translating unstructured informal
physiological data, it was of particular importance the fact that the above tests produced
successfully a number of positive results. Firstly they proved that the seamless operation of the
system can be fulfilled. Secondly they have shown a high tolerance to movement of the fingers
from the part of the participant and thirdly and most importantly proved the feasibility to obtain
reliably and consistently the required physiological measurements, a fact that was anticipated
initially to be a very optimistic concept. The output data derived from this phase were recorded
as numerical data and real time processing allowed for visual presentation. Data included raw
numerical input, STC and HR graphs, trait values in charts of continuous measurements, and a

real time mapping as a visual allocation data on Russell’s circumplex model of affect.

Results from the validation stage in phase one have been satisfactory as the recordings and
system operation was verified to operate correctly. Moreover, one of the most crucial elements
derived from the tests was the reliability of signal acquisition and HR in particular. To explain

this further, initially, it was anticipated that because the bio-sensing elements were on the
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mouse which requires to be moved in any direction, movement of the fingers about the sensing
rings could cause inconsistencies. That was proved wrong firstly because the speed of the dual
analogue circuit was able to compensate and produce a dependable stabilised output, and
secondly because the concentration of the participants on the screen and the scenarios proved
to be the major factor so there was no erratic movement to cause inconsistencies from the first

place.

7.2 Results: Phase Two — Systems operational evaluation

The second phase involved experimental scenarios aiming to cause predictable affective
conditions characterised by all possible combinations of valence and arousal levels as for
example sorrow (caused by moving emotional scenes) or satisfaction (caused by successful
accomplishment of tasks). Data produced included both, raw data recordings and display
recordings allowing thus to derive the success rate of response data by direct comparison
between threshold scaled inputs and visual allocation data generated by the system.

Experiment data recordings went through a visual evaluation and an exploratory data analysis
with view to investigate if the system could detect consistently, physiological activities when
the participant experienced strong psychological events. Inferences between responses
expressed as allocation onto the model of affect were sought against the pre-valued estimates.
Cognitive models employed for estimating mental workload were based on the GOMS model
(Helander, 1988:135-188). In our experiments, just as GOMS batteries use a disrupter task in
order to allow for working memory usage between tasks, a blank screen was intervened to
reinstate the confidence interval for a few seconds, as an evacuating period from the mental
activities generated by the previous task. Evaluation of the vigour of the tasks has been
performed using methods taken from clinical practice as the tasks had been scaled according
to behaviours that correspond to estimated mental workload. In pictorial evaluation for mental
workload, marking was used in particularly important designations that at the same time related
designations to tasks with severity indexes. A relationship between the physiological reactions
of the participants to the presentation of the content and the categories of the explicit emotions

portrayed was then assessed.
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7.2.1 Findings: Phase Two — Systems operational evaluation

Correlations between scaled values of expected markings and measured responses was made
to observe both system efficacy and also to identify significant differences between associated
segments of quadrants of Russell’s circumplex model of affect. Output metrics have shown
discrete detection of participant’s mental engagement while individuals experienced transition
between tasks with increasing demands of intellectual activity.

Studies of data derived from the experiments indicated a high degree of proximity (91.35%)
between optimally assigned values and those produced by the system with negligible instances
of No-Reading errors. Participants described their psychosomatic state by selecting manually
one of the states displayed on the bottom right corner of the screen as follows:

e ‘Focused Involvement / Engagement’ 71%,
e ‘Contentment’, 9%
e ‘Perceived Difficulty’ 13%,

e ‘Non-involvement’ 7%

The percent symbol corresponds to the percentage of the time of the experiment. The deviation
between the values obtained through self-report and those obtained through measurements was
approximately 17%, although it was worth noting that users were not inclined to use the manual
selection feature very often. Positive user involvement during the experiments was represented
in our model by the states of Focused Involvement and Contentment. The opposite states were
actually mapping either the state where users were changing level of difficulty between
scenarios or while they spent time waiting for the next event with diminished or diminishing
involvement. Overall results classified all users in the above four cases at, Focused
Involvement: 44.2%, Contentment: 12.6%, Perceived Difficulty: 31.9%, and Non Involvement
/ Apathy: 11.3% of the time of the experiment. Detailed data regarding allocation per quadrant

and gender is shown in Table 7.2.1.1.
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Table 7.2.1.1: Mapping distributions per quadrant and gender

Emotional Mapping Distribution (%)
Al C | PD NI
Male 44.6 116 | 32.2 111
Female 43.9 11.0 | 31.6 14.2
Median 44.2 11.3 | 31.9 12.6

(Al = Active Involvement, C = Contentment,
PD = Perceived Difficulty, NI = Non-involvement)

The difference in responses between male and female participants was trivial (< 1%), although
event-to-response evaluation has shown coincidence between 87.76% for female and 98.13%
for male users. Coincidences between predicted and measured values in the game task were
similar for both male and female participants, however, differences were observed in the video
session. In our view, this small difference has its origins in the profiles of male participants
being affected more by aversive driving experiences (age of 32-47 with driving experience)
than female participants (age 18-27 with little or no driving experience whatsoever).
Differences in both male and female participants between gaming and video sessions indicated
similarly accurate event / response matching during the gaming session data and that during
visual observation, which was an indication that the system could perform equally well in a

variety of types of tasks involving greater or lesser use of mouse movement.

7.2.2. Discussion: Phase Two - Systems operational evaluation

State of engagement was the most important psycho-physiological condition we attempted to
identify and quantify in this research as it was highly regarded in Affective Computing research
(e.g. Peter & Herbon, 2006) as well as other areas of application like virtual environment

control.

Results have verified our views that user engagement transitions between affective activation
states can be detected consistently by identifying simultaneous changes in HR and STC
gradients. Indication was immediate as expressed by previous research work assessing similar

aspects by means of fMRI and STC (Tsatsou, 2006). It may be concluded that the bio-sensing
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system produced a valid and to a high degree accurate snapshot of the user’s state of
engagement because, as reported earlier, whenever the users looked away or otherwise
disengaged their attention from the screen, the system immediately detected this shift of focus
with high accuracy, by labelling their state of attention as either “Perceived Difficulty” or
“Non-involvement” — both of which entail negative valence when represented as coordinates

for the dimensions of Russell’s circumplex model of affect.

Throughout the entire experimental process, a transition from the state of Active Involvement
to that of Contentment immediately after stressful stimuli was most frequently observed. This
transition was interpreted as the effect of the slow decay of the stress level, which produced a

negative STC gradient, effectively indicating a reduction of arousal.

Taken together, the aforementioned points indicate that a mapping of the users’ state of
engagement onto Russell’s circumplex model of affect was reassuringly correct, not as far as a
precise emotion area goes but at least with respect to placing the identified state in the correct

quadrant (i.e. positive / negative valence, active / passive arousal).

From the above, as well as the overall results of the experiments, we have indications from this
system that the correlation of common gradients of present and past values of HR and STC
reveal a high probability of success in determining various states of engagement. The time
interval for each measurement was crucial for the accuracy of the system and optimized
accordingly in order to provide enough time for the subjects’ physiological response to settle
into a detectable timeframe. Additionally, this timeframe allowed for the normalization of
artefacts that could have been misleadingly accounted for as spontaneous reactions of the

participant.

The time frame was chosen following optimization deduced by the assessment of data produced
by adding data frames of measurements into a larger buffer of data. Time intervals between
measurements for over 2 seconds had shown a smoother transition between states but also

slowed down the detection of user response and therefore were not adopted.
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With reference to results produced in recent studies assessing affect and mental engagement
(Chaouachi, Chalfoun, Jraidi & Frasson, 2010) entailing multi-modal physiological assessment
including STC, HR, EEG, EMG and audio, remarkable similarities could be seen, although the
system used in this study only employed STC and HR and was certainly holding an advantage
as its use was not restricted for laboratory use only as was the case in the above study, Figure
7.2.2.1.

Mean engagement index per quadrant

Quacrant
N

0.6 0.69 0.7 0./71 0.72 (R 0.74 0./5 0.76 0.77 0./78

rrusan f"ll;.l‘;l‘llll‘”l ill(’(')(

Figure 7.2.2.1: Mean engagement index per quadrant (Chaouachi, Chalfoun, Jraidi, & Frasson,
2010)

Success rate in all four levels of engagement ( i.e. ‘Focused Involvement / Engagement’,
‘Contentment’, ‘Perceived Difficulty’, ‘Non-involvement’) was unexpectedly high as derived
from the analysis, although it was observed that accuracy was higher towards levels with
positive valence and higher intensity of arousal. This was considered to be an important finding
as studies employing fMRI support that brain activity is higher at levels of negative to neutral
valence levels and lower intensity of arousal (ref.) In our view, this happens because the
aforementioned system measures the physiological expression resulting from the brain
activities involved in affective, emotional and cognitive effort while an fMRI system detects
pure neuronal activity that may at the same time correspond to other than the somatic system.
Effectively, our system has shown capabilities to identify scaled magnitude of state of
engagement with growing accuracy from smaller affective activation states to higher activation
levels. Also it was observed that a transition from the state of Active Involvement (i.e. positive

valence and high arousal) was frequently reduced to that of Contentment (i.e. positive valence
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and lowering arousal) immediately after stressful stimuli. This transition was frequent and was
caused due to the effect that psychological stress response shows a swift ascend subsequent to
a stressful event, followed by a slow decay while the parasympathetic system intervenes to

establish the initial state of equilibrium; as shown in Figure 7.2.2.2.

Figure 7.2.2.2: Typical skin conductance response exhibiting the immediate
overshoot and slow decay.

The physiological interpretation of the slow decay is self-explanatory since the sweat
congregated by the sweat glands which is responsible for the increased permeability of the skin

takes a while to evaporate, proportionally longer than it takes to develop.

Another very important finding was that the system could maintain readings of positive
involvement during tasks keeping the candidates in such a state for a while. One could argue
that a state of rising STC and HR could not be maintained for long, while a person was
continuously in a state of high involvement reaching a saturation state; however, the fact that
during such a condition the STC was maintained above the baseline combined with the factor
derived by the HRV, even if the increase was minimal it could be projected correctly with no
corrective algorithm whatsoever. When the candidate was exceeding the point of saturation

where HR was high but began diminishing and STC was not rising any more the system

Page | 174



Chapter 7: Discussion and Interpretation of Results

response was less accurate. The above discrepancy could be corrected if a predictive algorithm

was incorporated to compensate for sustained conditions.

On the whole, values derived from the GOMS estimation of event allocation plotted against
the measured responses in the radar plots is shown in Figure 7.2.2.3 for the game and Figure

7.2.2.4 for the video assessment respectively.

=@ Game

== Events

Figure 7.2.2.3: Estimated vs measured values — game assessment
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=¢=\/ideo

== Events

Figure 7.2.2.4: Estimated vs measured values — video assessment

Although accuracy maintained a deficit from 0 - 10%, overall consistency was apparent.

Real-time self-assessment was carried out during tests and was also recorded. User responses
were rated in four levels expressing the emotional clusters presented in each quadrant of the
allocation model, (Figure 7.2.2.5).
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Figure 7.2.2.5: Estimated affective condition as it was perceived by the participant
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Data produced from the above input during tests differed in frequency to those consistently
measured by the system every two seconds because the participants seemed to update the above
table infrequently or simply because they felt comfortable with the same condition for long
periods of time. A scatter graph representing how close the judgement of the participants was
to the real time measurements of the mental workload is presented in Figure 7.2.2.6.

40
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Perceived state of engagement

Figure 7.2.2.6: Scatter plot of affective engagement as perceived by the participants

The red line in Figure 7.2.2.6 represents the actual instantaneous state of engagement as it was
measured by the system. Dispersion was high with distant responses from the centreline as
expected because the precision and frequency of perceived mental condition by the participant
could not be exact and contiguous as in the subconscious measurements produced by the
system. This was primarily because the participants were selecting one of the four states very
infrequently and secondary because their perceived state was rather vague comparing to those

derived by the actual physiological responses measured by the HR-STC system.
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7.3 Results: Phase Three - Application oriented evaluation

Phase three was designed to take on the mission to substantiate the quantity derived by
combining the two aforementioned modals. This was done by using pre-validated emotional
constructs to aliment scenarios used to evaluate the output of the system. Input data obtained
from the International Affective Picture System (IAPS), developed to be used exclusively in
scientific research, expressing three norms, (namely, valence, arousal and domination), which
have been verified by multiple validation studies, methodologies and measurements, (Bradley
& Lang, 2008). Selection of pictures was of particular importance and was optimised for
particular clusters of basic emotion, distinctly classified in one of the four quadrants of
Russell’s model, with significantly high values of both valence and arousal. This was chosen
in order to produce the most vivid stimulations possible to the participants. Categorised
sentimental quantification of selected IAPS subsets were correlated with the real time output
of the system with main objective to produce a sincere justification of the validity of output

classification.

7.3.1 Findings: Phase Three - Application oriented evaluation

In the following analysis wherever Shapiro-Wilk test for normality has shown that the data
distribution is normal, parametric tests were performed. Similarly for non-normal distributions

non parametric tests were performed accordingly.

For the third quadrant of the video tests (Qsv), response accuracy was significantly higher for
men compared to women (independent samples t-test: t(25) = —2.352, p = 0.027), (see Table
7.3.1.1).
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Table 7.3.1.1: Comparison of response accuracy between male and female participants.

MALE FEMALE
mean s.d. mean s.d.
Qup 38.18 4.285 34.81 4.956
Qzr 20.36 2.024 16.13 1.516
Qsp 22.09 4.969 18.06 5.836
Qup 12.18 4.875 9.13 3.631
Quv 67.55 10.093 | 66.25 15.597
Qav 24.09 10.425 | 19.75 7.523
Qav 34.82 18.236 | 21.69 10.806
Qav 18.00 12,008 | 11.31 9.965

Compiled results from the psychometric tests were corresponded to those collected from the
real time physiological response acquisition system. The participants’ scores on the five factors
of personality derived from the NEO-FFI and the categorization of these scores (“very low”,
“low”, “average”, “high”, and “very high”) may be seen on Tables 7.3.1.2 and 7.3.1.3
respectively, separated by gender.

Table 7.3.1.2: Extraversion vs. Gender

EXTRAVERSION

Very low Low Average High Very high
Female - 2 7 7 -*
Male - 1 2 3 5*

*|z] > 1.96 (p = 0.05)

Table 7.3.1.3: Conscientiousness vs. Gender

CONSCIENTIOUSNESS

Very low Low Average High Very high
Female 1* 4 8 3 -
Male 4* - 4 1 2

*|z| > 1.96 (p = 0.05)
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With respect to personality factors as numeric values, no gender differences were found to be
statistically significant. However, significant associations between personality category and
gender have been found in the case of Extraversion and Conscientiousness (Fisher’s Exact Test
=8.665, p =0.023 and FET = 8.435, p = 0.047, respectively). The associations are observed in
the case of categorizing personality across five levels (very low, low, average, high, and very
high). However, no significant interactions are observed when using a three-level

categorization (below average, average, above average), Table 7.3.1.4.

Page | 180



Chapter 7: Discussion and Interpretation of Results

Table 7.3.1.4: Means and standard deviations of personality factors categorised by gender.

MALE FEMALE OVERALL
mean | s.d mean | s.d. | mean | s.d.

20.00 | 8.44 | 25.06 | 8.23 | 23.00 | 8.54
35.27 | 8.27 | 30.50 | 4.37 | 32.44 | 6.56
27.73 | 7.24 | 3213 |6.73 | 30.33 | 7.15
29.00 | 7.25 | 29.69 | 3.77 | 29.41 | 5.34
31.55 | 10.55 | 33.63 | 4.90 | 32.78 | 7.59

O >» o mZ2

The means and standard deviations of emotion regulation and its subscales may be seen on

Table 7.3.1.5 (gender-based differences were not statistically significant).
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Table 7.3.1.5: Frequencies of the participants’ personality factor categories separated by gender.

\ MALE | FEMALE \ TOTAL
Neuroticism
Low 2 3 5
Average 5 5 10
High 3 5 8
Very high 1 3
Extraversion
Low 1 2
Average 2 7 9
High 3 7 10
Very high 5 - 5
Openness to experience
Very low 1 - 1
Low 2 1 3
Average 4 6 10
High 4 4 8
Very high - 5
Agreeableness
Very low 2 2 4
Low 4 8 12
Average 2 5 7
High 3 1 4
Conscientiousness
Very low 4 1 5
Low - 4 4
Average 4 8 12
High 1 3 4
Very high 2 - 2

Regarding Trait Anxiety, females (mean = 44.19, s.d. = 10.703) scored higher than men (mean
= 35.18, s.d. = 9.622). An independent samples t-test indicated that the difference in Trait
Anxiety scores across genders was statistically significant (t = 2.232, p = 0.027, 95% BCa CI
[1.651, 15.879]). For the entire sample, the mean was 40.52 and the standard deviation was
11.061. As expected, Trait Anxiety correlated relatively highly with Neuroticism (r = 0.647, p
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= 0.001) and its two constituent elements, Negative Affect (r = 0.548, p = 0.003) and Self-
Reproach (r = 0.590, p = 0.001). Positive Affect, a component of Extraversion, is inversely
correlated with Trait Anxiety (r = —0.405, p = 0.036). A similar correlation was observed
between the factor of Agreeableness (r = —0.423, p = 0.028) and its component, Non-
Antagonistic Orientation (r =—0.392, p = 0.043).

Table 7.3.1.6: Means and standard deviations of Emotion Regulation and its subscales

MALE FEMALE TOTAL

mean | s.d. | mean | s.d. | mean | s.d.
ER 341 |0.44|3.13 |0.46|3.24 |0.46
El 3.39 [ 047|327 |0.34|3.32 | 040
Ere 391 | 056|398 |0.48|3.95 | 0.50
EMa 3.27 | 0.68|3.04 |0.63|3.13 |0.65
EMo 3.09 [ 077|291 |0.53 298 |0.63
Expe +Expr | 3.19 [ 0.60 | 2.81 |0.58 | 2.96 | 0.60
Expe 296 |0.67|267 |053|279 |0.60
Expr 342 | 0.75|294 |0.80|3.13 |0.80
SE 3.87 | 0.70|3.52 |0.64|3.66 |0.68

(ER: Emotion Regulation; El: Emotional Intelligence; Ere: Emotion Recognition; EMa:
Emotional Management; EMo: Emotional Motivation; Expe: Emotional Experience; Expr:
Emotional Experience; SE: Self-Efficacy).

Emotion Regulation significantly correlated with several factors and sub-factors of the NEO-
FF1 model of personality. Specifically:

e Emotion Regulation (as a whole) correlated with Neuroticism (r = —0.718, p = 0.001)
and both of its subscales, i.e. Negative Affect (r=-0.518, p=0.006) and Self-Reproach
(—0.724, p =0.001).

e Emotional Intelligence correlated with Neuroticism (r = —0.560, p = 0.002) and one of
its subscales, Self-Reproach (r = —0.594, p = 0.001). Additionally, it correlated with
Conscientiousness (r = 0.472, p = 0.013) and two of its subscales, namely Orderliness
(r=0.400, p = 0.039) and Goal-Striving (r = 0.501, p = 0.008).
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e Emotion Recognition correlated with the “Positive Affect” subscale of Extraversion (r
=0.446, p = 0.02), the “Intellectual Interests” subscale of Openness to Experience (r =
0.478, p =0.012), and the “Dependability” subscale of Conscientiousness (r = 0.461, p
=0.016).

e Emotional Management correlated with Neuroticism (r = —0.495, p = 0.009) and both
its subscales (r1 =—0.491, p = 0.009; r = —0.395, p = 0.041).

e Emotional Motivation correlated with the “Self-Reproach” subscale of Neuroticism (r
=-0.457,p=0.016), as well as with Conscientiousness (r = 0.57, p = 0.002) and all of
its subscales, i.e. Orderliness (r =0.481, p =0.011), Goal-Striving (r = 0.545, p = 0.003),
and Dependability (r = 0.398, p = 0.04).

e Emotional Experience and Expression, taken together as a single construct, correlated
with Neuroticism (r=—0.565, p=0.002) and both its subscales (r1 =—0.416, p1 = 0.031,
r. =—0.563, p2 = 0.002).

e Emotional Experience by itself correlated with Neuroticism (r=-0.513, p=0.006) and
its subscale “Self-Reproach” (r = —0.584, p = 0.001).

e Emotional Expression by itself correlated with Neuroticism (r = —0.468, p = 0.14) and
both its subscales (r. =—0.415, p1= 0.031; ro =—0.412, p2 = 0.033).

e Self-Efficacy correlated with Neuroticism (r=—0.789, p = 0.001) and both its subscales
(r1=-0.598, p1 = 0.001; r =—0.773, p2= 0.001). It also correlated with Extraversion (r
= 0.544, p = 0.003) and all its subscales, i.e. Positive Affect (r = 0.436, p = 0.023),
Sociability (r = 0.439, p = 0.022), and Activity (0.433, p = 0.024).

e Trait Anxiety was found to correlate significantly with Emotion Regulation (r = -0.608,
p = 0.001), Emotional Intelligence (r = —0.525, r = 0.005), Emotional Experience and
Expression (r=—0.445, p = 0.02), Emotional Experience (r = —0.555, p = 0.003), and
Self-Efficacy (r = —0.666, p = 0.001).

Low to moderate correlations were found between two personality factors (Neuroticism and

Openness to experience) and participant response accuracy for some of the videos. More

specifically:
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e Openness to experience was found to correlate with the response to Qav (r = 0.384, p =
0.048) and Qav (r = 0.493, p = 0.009).

e Neuroticism was found to correlate with the response to Qav (r = 0.426, p = 0.027).

e Some factor subscales were found to correlate with participant response accuracy,
namely:

e Self-reproach (a subscale of Neuroticism) correlated with Qsp (r=—0.383, p = 0.024).

e Aesthetic interests (a subscale of Openness to experience) correlated with Qip (r =
—0.391, p = 0.022) and Qav (r =—0.472, p = 0.006).

e Intellectual interests (a subscale of Openness to experience) correlated with Qv (r =
0.44, p = 0.011), Q2v (-0.338, p = 0.043), and Qav (r = —0.349, p = 0.037).

e Dependability (a subscale of Conscientiousness) was found to correlate with Qzp (r =
~0.404, p = 0.018).

When using a three-level category structure (“below average”, “average”, and ‘“above
average”) for the personality factors, Neuroticism was found to influence participant response
to Qsp (F(2,24) = 3.500, p = 0.046, Tukey HSD:Average — Below Average = 0.159, p = 0.037).
Openness to Experience was found to affect participant response to Qav (Kruskal-Wallis H(2)
= 7.246, p = 0.023, 95% CI][0.020, 0.026]), but pair wise comparisons did not highlight any

significant differences.
Density functions of measured data for the responses of pictorial stimuli show the distribution

of data in relation to the mean value with data in quadrants 2 and 4 appearing more vivid in

expression while the remaining two quadrants show a wider spreading, (Figure 7.3.1.1).
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Figure 7.3.1.1: Density graph of allocated measurements per quadrant - IAPS

For the video session the density functions expose a different pattern with salient responses

only in the third quadrant as shown in Figure 7.3.1.2.
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Figure 7.3.1.2: Density graph of allocated measurements per quadrant - video

Sharp responses indicate a more prominent transition in lesser space of time than those
indicated by the wider distributions suggesting that impressions left in shorter amount of time
(i.e. pictures) produce higher values of engagement than those produced by a smoother

transition provided by consecutive impressions instigated by the video.

In post processing, correlations between pre-validated data and measured responses exhibit a
bias in accuracy towards more positive states of engagement. It is worth noting that although
measurements have shown a higher rate of allocation on Russell’s model of affect for emotional

clusters characterized by more positive valence responses and more active levels of arousal, a
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particularly intriguing effect was observed. An unexpectedly higher rate of allocation to the
quadrant indicating ‘Non-involvement’ was observed, suggesting that emotional constituents
were not conclusively expressing cerebral involvement neither that the participant was highly
engaged. Hypothesizing that the above case was correct and the system response was accepted
as valid, the outcome was then consistent with views that cerebral activity may be high while
a person is unimpressed or experiences aversive emotional events (Lewis et al., 2000:742-748).
Effectively, comparing results from phases two and three, one can suggest that tasks based
purely on emotional constituents seem to be allocated differently from the system compared to
cognitive hungry and memory engaging tasks. This finding could be very important, however,
its credibility may be hampered by the complexity involved when one attempts to distinguish
amongst emotional or affective involvement and that produced by cognitive demand, memory

activity or combinations thereof.

Self-assessment data included; statement of estimated demand and effort exerted by the
candidate, personality profiles and trait anxiety. Personal estimates of vivacity during the tests
meant to identify how the participant perceived the following categories of demand in mental
conditions:

e Knowledge Demand: How much previous knowledge was required for the task?

e Mental Demand: How mentally demanding was the task (cognitive or affective)?

e Memory Demand: How much memory dependent or demanding was the task?

e Temporal Demand: How hurried or rushed was the pace of the task?

e Frustration: How insecure, discouraged, irritated, stressed, or annoyed felt during the

task?
e Performance: How successful were in accomplishing what they were asked to do?

e Effort: How hard did they have to work to accomplish their level of performance?

Statistical analysis of data produced by SAM’s using repeated measures Analysis of Variance
(ANOVA) have produced some tendencies as follows. No statistical significance was found
between groups except for the third quadrant F(2,24) = 3.500, p = 0.42 (Figure 7.3.1.3).
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Figure 7.3.1.3: Mean values of one-way analysis for the third quadrant

A five-level category structure for the personality factor of Conscientiousness was found to
significantly affect participant response to Qav: Welch F(4,22) = 7.645, p = 0.009, Games-
Howell: Very high — Low = 0.1875, p = 0.025).
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Pairwise Comparisons of O_category2

Average

Eelow average
9,88

Each node shows the sample average rank of O_categoryZ.

Sample1-Sample2 L e Sig. Adj_Sig.

Above average-Average ¥ .204 3,335 2160 031 o092
Above average-Below average 10,029 4 533 2213 027 J0E1
Average-Below average 2,825 4 690 BO02 547 1,000

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the
same.
Asymptotic significances (2-sided tests) are displayed. The significance level is 05,

The participants’ Trait Anxiety score only correlated significantly with response to Qav (r = -
0.460, p = 0.016).

Only response accuracy for the fourth image set (Qap) correlated significantly with Emotion
Regulation (r = 0.396, p = 0.041) and two subscales, “Emotional Experience” by itself (r =
0.428, p = 0.026) and Emotional Experience and Emotional Expression combined (r = 0.44, p
= 0.022). However, a three-level categorization® of Emotional Management significantly
affected Qzr (F = 3.913, p = 0.034) and Qup (F = 3.527, p = 0.045). Likewise, a two-level
categorization of the same construct significantly affected Q1v (F = 5.743, p = 0.024).

3 We arrived at this categorization by using the z-score as a cut-off point between categories; the “Average” category contains scores that
deviate less than one standard deviation from the mean. All other values are categorized as either above or below average, based on the
direction of the deviation.
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7.3.2 Discussion: Phase Three - Application oriented evaluation

Intensified or reduced cardiac and stress variability observed in mutually coinciding patterns
derived in emotion stimulating environments, was evaluated for use as a tool for detecting and
categorizing emotional activation. A real time acquisition system that was previously validated
and optimised for detecting focused attention and user engagement (Psaltis & Mourlas 2011)
was used for this experimental investigation. No optimization algorithms whatsoever were
applied in the above system or modification of the generic measurement responses in order to
improve the data projection process as we intended to validate the raw capabilities of the system
to allocate emotional data, being aware of the risk that it could fail. Results have shown that
the output of the system was biased towards the emotional groups with positive activation and
disposition, as expected due to the aims set in the initial design of the system, (i.e.

measurements had to have a rectified projection towards positive and active).

The capabilities of the system to detect emotion in absolute values without any software
predictive or optimization algorithms was enthusiastically high for the first quadrant
(Male:75%, Female:66%) and below 50% for the other three quadrants. That was verifying our
views that firstly the emotional aspect was in many cases overlaid by focusing attention,
engagement, cognitive and emotional workload while at the same time confirming that the two
physiological parameters measured (i.e. STC and HR) were not sufficient in order to devise the
constituents required in order to explain the mechanisms of emotion and moreover determine
precise emotional elements. A notable conclusion was that effectiveness of the system seemed
to have been greater for emotional constructs expressed with higher values of valence and
arousal as opposed to those with lower values respectively. As shown in the results outlined in
previous sections, identifying emotion was more demanding than simply measuring
physiological responses, as reactions to identical stimuli varied among people with differences

in emotional regulation and personality profiles.
The discrepancy observed involving the accurate detection of emotion which was more

profound in the case of images and video clips associated as a valid response to the fourth

quadrant, could be explained as a result of the nature of engagement and focused attention,
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which was inclined to be accompanied by an intensification of cognitive processes. As such,
the act of focusing attention was capable of influencing the physiological quantities measured

by the system, thus effectively masking emotions not consistent with high arousal and valence.

7.4 Results: Phase Four - Comparison with commercial products

Phase four was effectively deliberated to use the aforementioned system of HR-STC along with
a credible commercial product and verify two major capabilities of the system as follows:
e the precise and timely response when compared in sync with the output of another system
e the convergence or deviation from data coming from the platform approved for
commercial use and

e evaluate common tendencies or indications expressed on both systems.

Analysis of the direct comparison between real-time responses of the STC-HR system in
parallel with the simultaneously produced output from Noldus Face-Reader has been presented
in the next section. It should be noted that although the two systems have attempted to deduce
similar constituents of emotional and affective states they were effectively doing so
implementing algorithms from totally different approaches. In essence the HR-STC system
was operating via the detection of physiological signals while Noldus operated by evaluating
facial expression. Both systems deducing similar quantities employing completely different
methods and processes, have shown remarkably close indication of gradients of valence as seen
in Figure 7.4.1 below for the 23 candidates.
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Figure 7.4.1: Matching gradients of valence between HR-STC and Noldus systems
7.4.1 Findings: Phase Four - Comparison with commercial products

Using the Kolmogorov-Smirnov test of normality it was determined that physiological and
subjective data were not normally distributed and therefore nonparametric tests were used to
examine the difference between the two related samples. On the contrary, using the
Kolmogorov-Smirnov test of normality it was determined that the psychological data were

normally distributed and therefore parametric tests were used to test the difference between the
two related samples.

7.4.1.1 Impact of FF and FS structured digital games on satisfaction and activation

Wilcoxon analysis of the Self-Assessment Manikin (SAM) scores showed that although the
average values for satisfaction (valence) and activation (arousal) were higher for Minecraft as
compared to Subway Surfers, these differences were not statistically significant.

In addition, a Spearman’s correlation coefficient was used to examine the relationship between

the variables of player’s satisfaction (coded as Pleasure) and players’ arousal (coded as

Arousal) for both games.
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The Spearman’s correlation coefficient showed that there was a strong positive correlation
between the variables of pleasure and arousal in Minecraft (rs=0.769, p=0.05), as well as
between the variables of pleasure and arousal in Subway Surfers (rs=0.758, p=0.05). This
finding indicates that increases/decreases in the level of pleasure are correlated with
increases/decreases in the level of arousal in both.

Furthermore, analysis of the SAM scores across gender, age, frequency of digital game use and
prior gaming experience showed that there was a significant difference only for the variable of
gaming experience. Subway Surfers was rated highest by the novice players and Minecraft by
the experienced players. This finding strongly suggests that experienced players derive

pleasure and excitement from the freeform game play to a higher degree than novice players.

7.4.1.2 Impact of FF and FS digital games on stress level

Wilcoxon analysis showed that there was a significant main effect of game for the STC (Z =
—2.127, p = 0.033). Participants who played Subway Surfers had a significant higher level of
STC (954.10) than did participants who had played Minecraft (933.94). This pattern was
consistent for 15 out of the 22 subjects.

The comparison between the means for two digital games provides a good basis for using
physiological measures as an objective indicator of experience with games. Direct comparison
of STC raw data have shown that the tonic level was 13-28% higher in the FS games comparing
to those of the FF games. Since the number of responses were different for each user as the
games produced more randomly distributed stimuli, a comparison between commonly grouped
game events was employed. There were five game events (move, loss, win, control, reward) in
both games. All of five events, participants experienced a significantly higher STC to move
game event in Subway Surfers versus move game event in Minecraft (Z=—2.354, p=0.019). All

other game events comparisons apart of move event were not significant.
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In addition, the Kruskal-Wallis test showed that there were no statistically significant
differences in STC across gender, age, frequency of digital game use and gaming experience.

Based on the above results, hypothesis H1 has to be accepted.

7.4.1.3 Impact of FF and FS digital games on HR

Even though the mean value of heart rate when playing Minecraft was lower (96.76) as
compared to that when playing Subway Surfers, (101.40) this difference was not significant (Z
=-1.09, p = 0.277.

Furthermore, HR when examined for individual game events was found to not represent
statistically significant differences. Finally, the Kruskal-Wallis test showed that there was no
statistically significant difference across gender, age, frequency of digital game use and gaming
experience. Therefore, although the statistical findings show results less vital to those expected
in H2, it was assumed that HR had no statistically significant value neither on Minecraft nor

Subway Surfers.

Although the statistical outcome has shown literally minute influence of FF and FS game play
on HR (and vice-versa), from physiological point of view the findings show exactly the
opposite, as an average elevation of heart beats per minute causes a significant increase in
cardiac output, indicating an increased awareness, mental activity, mobility and eventually
after effects such as fatigue and psychological pacing. In this particular assessment, the
measurement indicating differences in activation between FF and FS game play was
predominantly the derivative of HR trait values, indicating the Heart Rate Variability (HRV)
that was also found higher in FS rather than FF games from raw data recordings. HRV has been
subject to a debate as it could be affected greatly by physical fitness, age and ambient
conditions, however, since during the sessions of the experiments environmental conditions
were similar and also age of candidates was pretty close too, the findings from HRV
measurements was considered very reliable indicators for the purpose of game play

comparison.
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7.4.1.4 Impact of FF and FS structured digital games on engagement

According to the model for the measurement of users’ engagement derived by the HR/STC
physiological measurements, coinciding elevations and reductions of STC and HR were treated
as indicators, classifying thus the user state into a four quadrant circumplex of engagement as

defined below:

e State of Focused Involvement / Engagement (positive arousal and valence), where the
user was happily engaged with game play or satisfied for fulfilling the task successfully.

e State of Contentment (negative arousal, positive valence), where the user was finding
it difficult or unable to fulfil a task while maintained a high level of activation.

e State of Perceived Difficulty (positive arousal, negative valence), where the subject’s
focus on a task did not change significantly, while satisfaction diminishes.

e State of Non-involvement / Apathy (negative arousal and valence), where an
uninterested and inattentive person performed a task in negative disposition and

disengaged arousal levels.

Overall, average of active involvement was significantly higher when playing Minecraft (Z=)
as compared to playing Subway Surfers (54.5), (Z = —1.997, p = 0.046). This pattern was
consistent for 16 of the 22 subjects. A Kruskal-Wallis test was used to analyse engagement
across gender, age, frequency of digital game use and gaming experience. The Kruskal-Wallis
test showed that there was a statistically significant difference only at the state of active
involvement for Minecraft (chi-square = 12.167, p = 0.029). Experienced participants were
more engaged players as compared to novice participants. Based on the above results,

hypothesis H3 has to be accepted.
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7.4.1.5 Impact of freeform and formally structured digital games on positive experience

Paired-samples t-tests were used to compare the impact of Minecraft and Subway Surfers on
participants’ basic emotions as indicated by their facial expressions. These tests showed that
there was a significant main effect of game on participants’ happiness (t(22)=2.164 and
p=0.043). Participants’ happiness while playing Minecraft had significantly higher mean
strength scores than participants’ happiness while playing Subway Surfers (for Minecraft,
M=41.28, SD=23.55; for Subway Surfers, M=28.87, SD=18.13). This pattern was consistent
for 15 of the 22 participants. The global mean average score of facial expressions of all other
basic emotions were not different in any of the digital games, as summarized in Table 7.4.1.5.1.

Table 7.4.1.5.1: A paired-t test analysis of basic emotions

Games Sig.  (2-
Emotion Minecraft Subway Surfers T df tailed)
Neutral 63.71 62.31 0.280 20 0.783
Happy 41.28 28.87 2,164 19 0.043
Sad 32.98 35.72 -0.482 18 0.635
Angry 54.43 31.97 0.791 18 0.439
Surprised 32.91 30.13 0.682 20 0.503
Scared 35.27 39.22 -0.356 13 0.728
Disgusted 16.78 31.51 -1.801 10 0.102

Furthermore, an analysis of the impact of Minecraft and Subway Surfers on participants’ basic
emotions across game events showed that there were no significant differences which might
have affected the subsequent analysis of the data. Analyzing the five game events it was found
that participants’ happiness to the move game event while playing Minecraft had significantly
higher mean strength scores (t(22)=2.062 and p=0.035), than participants’ happiness while
playing Subway Surfers (Minecraft, M=47.44, SD=30.15; for Subway Surfers, M=27.31,
SD=24.25). Analysis also showed that participants’ emotion of sadness to the reward game

event while playing Minecraft had significantly lower mean strength scores (t(22)=-3.938 and
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p=0.008), while playing Subway Surfers (Minecraft, M=19.89, SD=15.44; for Subway Surfers,
M=40.67, SD=26.20).

Repeated measures using ANOVA across gender, age, frequency of digital game use and prior
gaming experience showed that there were no statistically significant differences between these

variables. Therefore, hypothesis H4 had to be accepted.
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7.5 Discussion: Phase Four - Comparison with commercial products

Essential objectives of phase four concerned the quantitative and qualitative assessment of
freedom of choice in adventure digital games based on the structural characteristics of games
and the perceptions of students, to examine whether free-form and formally structured digital
games elicit different kind of game play experiences, the validation of the model for the above
assessment, and a cross validation of two systems based on different principles of operation for
data acquisition.

Regarding the first objective of the study the findings could validate the effectiveness of FoC
model for the quantitative and qualitative assessment of freedom of choice in adventure digital
games; Minecraft, which was considered as FF digital game, elicited different kind of game
play experiences than the Subway Surfers, which was considered as FS digital game.
Specifically, results showed that participants felt less stressed, happier and more engaged when
playing freeform digital game, and found this kind of games more pleasant and exciting than

the formally structured digital game.

Concerning the specific objective of the study, playing Minecraft was, as expected, more
pleasant and exciting for the participants (H1). It was hypothesized that both STC and HR
would increase with the more stressful game (namely Subway Surfers). However, this was only
true for the skin conductance (H2). Contrary to our expectations we could not find significant
differences on HR values (H3). Furthermore, it was found that the state of engagement was
higher when playing Minecraft as compared to playing Subway Surfers (H4). Finally, the
results showed that while playing the Minecraft participants showed significantly higher values
of happiness than they did when playing the Subway Surfers (H5).

The increase of stress level indicated by STC measurements while participants played the more
tense game was in agreement with the results reported by Drachen, Nacke, Yannakakis, &
Pedersen, (2010) and Cusveller, Gerritsen, & Man, (2014). Drachen found that skin
conductance correlates with negative affect, namely frustration while Cusveller noted that skin
conductance would increase with the more hectic, hence more stressful games. The lack of

significant differences on HR values is in contrary to our expectations and to previous findings
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(Drachen, Nacke, Yannakakis, & Pedersen, 2010; Cusveller, Gerritsen, & Man, 2014). There
was no simple explanation for this result, but this finding is in line with Ravaja et al. (2005)
who supports that HR alone may not be an optimal measure of arousal as carries information
on both sympathetic and parasympathetic activity, which may entail interpretative difficulties.
Increased cardiac sympathetic activity is related to emotional arousal and causes the heart to
speed up, whereas increased cardiac parasympathetic activity is related to information intake
and attention or engagement and causes the heart to slow down (Turpin, 1986).The higher level
of participants’ engagement while playing Minecraft was in agreement with the results reported
by Kirginas & Gouscos (2016) who found that FF digital games lead students towards, higher
engagement and more positive game play experience. Finally, the significantly higher values
of happiness while playing the Minecraft was consistent with those expressed by Kirginas &
Gouscos (2016) who found that FF digital games lead students towards more positive emotions
as well as Wiklund et al. (2015) who found that strong emotions, whether negative or positive
in valence, have been shown to influence motivation. This in turn, may lead to rich learning
performance, as well as a high degree of game enjoyment. This notion is further supported by
Moreno (2006) argued that learning with multimedia is affected by emotional and motivational
factors. This finding is significant as positive emotions, such as happiness may result in higher

player involvement.

Combining all these findings together it is purported that there is a direct correlation between
the quality of players’ experience and the kind of play that a digital game offers, depending on
whether the latter focuses on the game dimension (structured games) or the play dimension
(FF games) of game play. We would like to note at this point that the concept of freedom of
choice substantially concerns serious games, in the sense that these games have an inherent
learning purpose. Given that psycho-physiological measurements and subjective self-reported
experience could be used as objective indicators for the assessment of learning experience it
can be concluded that players feel less stressed when playing freeform digital game, they feel

happier and more engaged, and find this kind of games more pleasant and exciting.
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Stemmed from the results it was stipulated that a key factor for the design of effective digital
games for learning seems to be the development of games that:

a) focus on the play dimension of game play, allowing for free, unstructured activities
without pre-defined rules and pre-designed goals;

b) create non-linear game play;

c) allow multiple solutions to the game challenges and enable many different player-
generated game play paths;

d) give players the ability to choose the order in which they face game challenges; and

e) allow players to choose which challenges they want to overcome or not,

f) give players the ability have control over the game character,

g) allow players to follow their pace, and (h) have no win or lose states.

Furthermore, it was believed that the concept of freedom of choice substantially concerns
educational digital games. If educational games uptake characteristics of free-form play they
may be better suited to lead to more engaging and more FF learning processes, which may in
turn be able to better support innovative approaches to learning and, more generally, to the
acquisition of 21st century transferable skills.

Although our current results were promising, it should be cited that the research conducted thus
far has faced a number of limitations. Firstly, there are other variables that we could not account
for and could possibly affect the correlations found. For example, game reviews,
predispositions, expectations, needs, motivation, mood, personal interests, and social setting
were expected to have an impact on what kind of games players prefer and play. Secondly,
given the time intensive nature of our study, our sample size was rather small. Although we
attempted for variation in age, gender, gaming experience and gaming frequencies, we cannot
claim representativeness for the general gaming population. Finally, there is a lack of an
established theory of gameplay experiences that could provide a frame for deeper analysis and
relatively limited experimental research studies about game play experience in digital games
to which these findings could compare.
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As far as the cross validation study between Noldus Facereader 4.0 and the HR-STC data
acquisition system goes, the two systems performed properly executed together in the same
computer producing synchronized appraisal that proved to be most valuable in assessing data
produced. A common variable deduced by both systems separately (namely Valence) was
found to be closely the same, although the first system derived this DV from emotional facial
recognition while the second from pattern recognition of physiological responses. Studies of
raw data recordings have shown extensively consistencies between responses and empirical

interpretations of expressions or physiological reactions.
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8. Conclusions

Recognising the need to improve responsive adaptation in learning and personalised
environments, it was thought that measuring user’s physiological expressions would provide
the additional components required for real time identification of subconscious psychosomatic
expressions. For this purpose, an optimised integrated bio-sensing system has been developed,
that can deduce seamlessly the heart rate and physiological stress reactions of a learner.
Effective implementation and adept usability concepts have been employed, successfully
eliminating side effects and errors introduced by distraction imposed on the user during the
measurements. Based on a long standing hypothesis that coinciding intensification of HR and
STC may express some relation to an emotional state, it was decided to assess the possibilities
to detect accumulated emotional, affective and cognitive involvement which have been proven
to be indicative of underlying psychosomatic condition such as focused attention and
engagement.

A major debate concerning the underlying constituents expressed through the psycho-
physiological signals has been investigated using latest technologies and advanced operational
concepts. Meticulously examined experimentation methodologies and mathematical modelling
techniques have been employed towards the accomplishment of this study, fulfilling the major

obstacle of the final implementation, that of seamless operation of the system.

Results from especially designed experiments have shown that simultaneous excitations of
STC and HR correlate to underlying levels of emotional, cognitive or affective excitation in a
cumulative fashion. On the other hand, precision obtained was not sufficient to deduce exact
emotional or affective constituents. As expected, this was due to the fact that the excitation
state detected and interpreted by the system as a state of engagement could represent one of
many variant combinations of emotional states, producing similar physiological responses and

measurements that coincide with the interpretation given by the converging gradient algorithm.

Effectively, conclusive findings show that precision of the HR-STC system varied according

to activation levels. System measurements verify the variable intensity of emotional
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expressions and the need for further investigation regarding vigour, onset time and duration of
major affective and emotional components, not available to date. In such scientific fields of
research, the HR-STC system could prove to be a valuable tool for assessing specific

subconscious conditions, in conjunction with pre-validated scenarios.

The HR-STC system has demonstrated its abilities to detect cumulative mental activation with
distinct non linearity, showing higher accuracy when the two converging physiological
modalities express high activation levels, diminishing as the opposite occurs. Taken into
account that no particular optimisation algorithm has been incorporated entailing predictive or
pattern analysis, it can be claimed that the system presents only a portion of its capabilities.
According to initial specification, design prerequisites included detection of subconscious
physiological quantities serving as classifiers of manifested states of engagement. Detection of
precise affective or cognitive constituents or distinction of combinations of the above
components has not been attempted or claimed possible by using the HR-STC system. At this
stage of development, the intensity of activation and hedonic state constituents can be
considered sufficient for use in research and most applications regarding learning and

performance assessment.

The HR-STC system has been revealed as rudimentary and rather imprecise for detailed
mapping of particularly low activation emotional states such as frustration, sadness, depression
etc. In order to improve on that part, further development may incorporate baseline deduction
and also intelligent algorithms assessing trends of values over a longer time interval than
looking only at instantaneous measurements like the system in its present version. For instance,
averaging of measurements looking at the last three or five measurements together have been
expected to improve the accuracy particularly in minimally fluctuating measurement

conditions.
Further research that would evaluate affective and emotional onset would also provide a

significant component for improving system performance. Despite that imprecision in

psychosomatic states with low intensity, it was thought that the system could be used efficiently
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as a component of intelligent interfaces for detecting the user’s high degrees of involvement in
various applications (e.g. Aml, UC, distance learning etc.). It is worth noting that the capability
to obtain such information was not available to date before the development of the HR-STC

system.

Achieving the essential objective of minimally obstructive and effective acquisition of two vital
physiological quantities for determining states of engagement of a user, the HR-STC system
presents a tool for development of innovative applications in human-centric attention
monitoring and interactive technologies. The effectiveness of the algorithm exploring the
direction of excitation of the two basic physiological quantities has been proven meaningful,
supporting the initial hypothesis and also verifying previous findings. Further research
employing the HR-STC system in experiments related to different models of psychosomatic
response allocation may prove more accurate thus enhancing its capabilities. The system
development has met the target to obtain the physiological signals by simply maintaining
contact with two relatively small areas instead of special electrode probes. This latter feature
provides the flexibility to incorporate the system and sensing elements literally on any handheld
device that may be applicable to making use of the psychosomatic responses as an enhancement
for adaptive, responsive or simply monitoring systems. Consequently, several application
areas beyond education and learning can utilise instantaneous human responses for interactive

environments such as gaming or attention assessment.

As explored in the following chapters, a range of possible improvements in conjunction with
future research may lead to further enhancements in both the accuracy of the system as well as
precision in the identification of more detailed psychosomatic conditions. Also improved
systems performance indeed can be achieved by adding functional components to the system
as explained further in this text. Applications of the HR-STC system in new areas of research
and evaluation studies of different psycho-physiological models may reveal new findings and

concepts as new technologies and innovative ideas emerge steadily.
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9. Applications

The HR-STC system not seen only as a development tool for this research but rather as a
concept that can add the capabilities to deduce specific attributes of the inner self of a human
in a notoriously unobtrusive fashion holds a revolutionary potential in many areas of
application. Existing devices deducing HR have found new grounds in fitness monitoring
applications providing information on cardiovascular effort exerted and useful derivative
information like for instance fitness coefficients derived from the speed that HR takes to return
to normal levels. Devices measuring psychological stress have found applications in approved

methods for deducing truthfulness of responses or in stress therapy and relaxation.

Combined measurements attempting to derive psycho-physiological markers in such a
simplified manner so that they can be incorporated in any handheld device present a
momentous option seen for the first time. As a starting point, the system has shown that
simultaneous elevation of the above two physiological markers reveal psychosomatic
excitation in consistency with previous studies. The value of an index providing levels of
excitation in real time can be essential for monitoring as well as designing novel responsive
applications as illustrated further below. Improvements on system precision and efficiency may
reveal additional capabilities opening doors to even more advanced application areas such as

predictive assessment or traits helping to automatically deducing personal profiles.

The implementation of the HR-STC system by using analogue electronic components - as
opposed to embedded processor implementation - provides a great flexibility for
miniaturisation and most importantly eliminates program preload requirements that are

substantially higher when looking at volume production.
The major drawback for scientists when they attempted to use bio-feedback devices for

psychosomatic assessment in applications targeting natural environments is the need for initial

calibration. All known devices set that prerequisite in order to determine the range of values
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that can be given by each person individually so they can scale their measurements. Instant
measurement interpretation without the above prerequisite presents a unique feature of the HR-
STC system, removing that long standing obstacle. This important feature is opening doors to
wide fields and areas of application ranging from education and learning to gaming and

interactive communication.

Users do not require prior knowledge of the system or specific training before they use the HR-
STC system. Even at frequently interrupted operation, responses of the system remain equally

dependable and valid.

A battery operated version of the HR-STC system could provide the flexibility required to be
easily fitted as an integral part of handheld devices following the tendencies of the marketplace

for the present as well as the near future.

9.1 School personalised learning

Being inconspicuous, discreetly hidden in peripheral computer devices such as the computer
mouse, the HR-STC system has the upper hand over any other existing device for effective
application in class like environments. Teachers could have displayed in their screen

information like:

e Colour coded levels of attention for each student in the class

e Information regarding user activity on a percentage scaled vertical bar next to each user
screen

e Timers for inactivity of each computer station indicating possible need for assistance

e Progress analysis data associated to completion targets set by the tutor leading to
automated scoring information instantaneously as well as at the end of the session

e The teacher could obtain information regarding completion of tasks from each individual

student, so he can reward them, creating thus new instruments for motivation.
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In more advanced teaching applications, adaptive scenarios can increase or reduce levels of
difficulty either automatically depending on intelligent software algorithms processing

psychosomatic responses of the user or by intervention from the educator.

9.2 Cloud based educational personalisation

Usefulness of the HR-STC system can be even more prominent in applications were visual or
other form of communication between tutor and learner is absent as is the case in cloud
educational environments. Learners can enter the educational platform at any time and carry

out instructive tasks with no specific supervision by their tutor.

A cloud application utilising the HR-STC system could obtain useful traits of psychosomatic
expressions of the learner regarding information related to perceived difficulty derived from
levels of attention and completion time. Similarly, information about user data in conjunction
with the content may help in evaluation and classification of content in ways not possible before
the HR-STC system. The abovementioned data may produce content analytics and new
correlates for effectiveness, efficiency, preferences, timing information, levels of difficulty and

more.

In dynamically adaptive cloud environments, process automation enhanced by the added
features provided by the HR-STC system entailing psychosomatic responses, attendance data
and preferred format of content could gain enormously in interface optimisation (HCI) and
efficiency of content development. Further statistical analysis of usage attributes and data
mining methodologies may lead to new functional components related to psychosomatic
responses and their applications.
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9.3 Gaming interaction

Applications incorporating psycho-physiological assessment in gaming could find a wide field
for development. Primarily, multiplayer configurations could obtain indexes that may be used
in gaming in various ways such as varying speed or options provided to the player. Also the
environment of some games may become adaptable according to responses obtained. Form the
part of the player, the HR-STC system could represent a separate entity promoting or demoting
their gameplay accordingly. For instance, in a gaming scenario where levels of attention of the
player have been higher than average, a number of additional game options may be presented
making the gameplay more interesting according to criteria set by developers. In the opposite
case where players have shown reduced interest and focused involvement, the game could

adaptively present easier challenges.

In competition games, the added features made available by the HR-STC system would provide
added functionality to developers to incorporate say colour or elevation characteristics in their

game or new ideas entailing responsive environments.
9.4 e-learning adaptive content

Internet based education incorporating e-learning applications constitute a part of the emerging
new technologies. As an educational environment, e-learning retains most characteristics of
the classroom environment. In contrast with cloud or distant learning approaches, e-learning
entails real-time communication between the tutor and the student. An HR-STC system applied
in such technologies could provide additional information to the tutor similar to those of

student attendance in the classroom as described above regarding educational applications.

The value of physiological responses in e-learning environments can be considered even more
valuable than in the class, since in the former educational schemes there is a distance between
tutors and students. Information about involvement and indications of personal motivation of
the student can be considered substantially important, not possible before the development of
the HR-STC system or with any other existing methods even those employing semantic

analysis and Al.
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9.5 Communication and social media

The exponential growth of media sharing technologies has introduced many new styles in
communication between known and unknown recipients. A rapid increase in membership
counts have already placed social media providers as the highest traffic producers of the
Internet generating substantial amount of communication and media content. Affective
information has been a concern in this recent and still rapidly developing means of
communication. It should be noted that the Open Systems Interconnection (OSI) pyramid
defining the Internet and network communication model has provision for affective interfaces

providing specification of relevant protocols.

Attempts to incorporate Al and semantic analysis or other instruments in social media
environments have been made and being in progress in order to achieve communication of
affective and emotional conditions between members, (Grassi, Cambria, Hussain, Piazza,
2011). With further research investigating appropriate affective models the HR-STC system
could provide optimized markers correlating physiological responses to affective conditions.
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10. Limitations and Future Developments

Efferent physiological reactions of computer users were literally expanded in this study outside
the human body, establishing a form of communication between instantaneous mental

activation and a typical computer. A study in this direction required:

e a profound understanding of the biological activity employed while psychological,
affective, cognitive or emotional operations take place in the human brain,

e athorough acquaintance with the electrical properties of the above as they are being

expressed by the nervous system,

e a proficiency of an approved method to distinguish HR and STC from other similar

biological signals

e a knowledge of electronic design and development of a device capable to acquire the
bio-electrical signals derived from the evoked expressions in an accurate and

dependable fashion,

e the ability to translate those generic quantities into a cognizant form of data, prove their

potentials and interpret those values according to their significance.

Individual component design was employed entailing sensing interface, timing, signal
conditioning electronics and a suite of software components for configuration, display and
recording of data, providing active responses to any platform that would take advantage of
psychosomatic indicators of a computer user. Thus experimental work in this particular study
was accountable not only to evaluate data and their respective inferences and statistical
correlations but also to prove beyond doubt the operational validity of the system developed
from the first principle of operation. The primary hypothesis of the study as it was analysed in
the preceding chapters was implemented partly in hardware, where the HR signal was
convoluted filtered and conditioned, and partly in software where algorithms translated the
behavioural interpretation of the combined biofeedback acquisition of both HR and STC

guantities.
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The major constraint of this study was to produce a system that would work seamlessly with
no obstructions or restrictions of any kind from the side of the user. Uses of assorted medical
devices in experimentation studies before this development have imposed biasing factors on
the participants. The second limitation was that even if a system capable to identify the
aforementioned quantities was developed, a proper area of the human body had to be found
that would give a decent signal for the HR and STC acquisition. The next hurdle was that even
if all the above were made possible, artefacts and movement related noise and interferences

had to be counteracted.

A difficult task also was to verify that the quantities measured by the system were what it was
aiming for and formulate those quantities in an unambiguous format in order to produce
psycho-physiological parameters in a convincing manner. For this purpose the experimental
procedure was effectively organized in four discreet phases fulfilling specific
accomplishments in an ordered fashion as follows. In the first experimental setting, system
validation and functional approval was endeavoured, fulfilling the requirements successfully
as analysed in stage one of this chapter. The essential objective was to prove the proper
operation of the system and detection of the actual bioelectrical signals in a timely and
dependable manner. The experiment included laboratory techniques, electronic workbench
testing and human control group experiments verifying the validity, correctness and
responsiveness of the system using quantitative and empirical methods of assessment. The
system characteristics satisfied the operational requirements for the real time detection and
process of psychosomatic condition of a user. In stage two, an experimental procedure was
designed so that the actual capabilities of the system to detect and present psychosomatic
activity could be demonstrated in real time. Signals obtained from the system were combined
and treated according to their physiological respective behavioural interpretation, subsequently
classified into meaningful sets according to their associated affective significance. Classified
results were displayed as they occurred and following a visual assessment it was found that
they actually represented the expected responses with performance accuracy better than

anticipated initially.
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Assessment was based on an unconfined predictive interpretation of empirically estimated
emotional stimulations evaluated according to their corresponding constituent values of
valence and arousal as they were judged for each evoked psychosomatic condition
respectively. Results were better than anticipated initially, indicating that the assessment
process conceivably was more lenient than it should by design, acceptable presumption for an
initial validation as the accuracy of the system was to be assessed again in later stages.

Effectively, a limitation was presented in the process of assessment of the results in phase two.
The derivation of states of engagement had to be moderated by subjective evaluation based on
visual observation and judgmental interpretation of the instantaneous display as ruled by
GOMS. For example, when a participant was playing a game involving shooting at coloured
balls flowing through a pipeline, aiming to destroy clusters of three or more of them before
they reach the end of the pipe, it was assumed that the player was highly involved and
tentatively focused or stressfully loaded when the balls were closing dangerously to the end of
the pipe as the game was going to be lost. This process, although sensible, incorporated a
possible imprecision as affective combinations could vary in strength between people.
Obviously there was no instrument to facilitate the element of strength of the emotion or affect
at that instant and the quantity derived by the system could not be verified quantitatively with
high precision. Testing of the system was therefore reduced to the precision of the coordinate
values allocating the emotional or activity construct to a distinct quadrant in the projected

allocation model.

The above limitation introduced by the difficulties in estimating potency of emotional
construct as test data could produce slightly misleading results in the allocation model for
obvious reasons; however, in worst case scenario where data with questionably deduced
allocation were excluded, accuracy was reduced to average 81.6%. Also it was found that
although the accuracy of detected responses was remarkably high, a bias towards positive
values existed, resulting in an overall shift of displayed values towards the positively active
engagement. This was expected because emotional stimulation was physiologically expressed

by more vivid bioelectrical quantities in the affective grouping of active engagement and
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gradually less active reactions as the emotional, affective or other psychosomatic condition
was approaching negatively characterized affective groups such as boredom and apathy.

It was derived from the quantified results of this test that the two constituents of the affective
model referred to as valence and arousal, were expressed with both more vivid and higher
absolute values when pertained to positive engagement characteristics and less intense when
expressing negative affect and impassive levels of interest. Accuracy improvements and
possible correction algorithms were considered in the corresponding analysis of the stage one
conclusion and recommendations, however, none of those suggestions were applied in the next
phases of the experimental procedure, as for the purpose of system verification and data

validation, the primal system capabilities had to be identified.

In phase three, system dependability and accuracy were tested against pre-validated affect
evoking scenarios. Visual content with quantified levels of predisposition (valence) and
activation (arousal) by means of a greater variety of biofeedback, biometric, vocal and
combined scientific methods, provided a basis for comparison between widely accepted affect
causing values and those produced by the system. Results have shown that dependable and
convincingly accurate readings were produced by the system accomplishing the aims of the

experiment successfully.

In phase four, experimentation in natural user setting has proved the capabilities of the system
to perform in a non-laboratory like environment while at the same time system performance
was comparing closely with results obtained from another commercially approved product

such as the Noldus Facial Recognition suite.

In summary, the chapter of experimental methodology laid out the process followed to
investigate whether the integrated hardware and software system developed specifically for
biofeedback measurements of the two aforesaid major physiological activities could correlate

to identifiable psychosomatic conditions in real world applications. Multiple avenues of
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engaging audio-visual content were explored and utilized in conjunction with most established
methodologies, indicating effectively that an inconceivably plain presumption that
simultaneous increase of HR and STC are indicative to psychological or affective condition

with higher precision as the requirements for higher mental engagement intensify.

Encapsulating conclusions from all four phases of the experimental processes, the system has
been proven successful in acquiring and processing the biofeedback markers in a dependable
fashion and seamlessly in a typical computer user environment with no particular restrictions
whatsoever. Accuracy of the system was not proven sufficient in all four segments of
allocation.

With the system in its primary operational form with raw data as they were formed by
bioelectrical responses and without correction algorithms employed, the system performance
was considered very decent. Bearing in mind that the system developed was generic and there
was no such a system commercially available for an analogy and given that there is plenty of
room for improvement and optimization, the system was considered to be a successful

development introducing innovative concepts.

Precision of system measurements was considered satisfactory after a series of bench and
application tests carried out but the overall system allocation was degraded by a number of

issues as explained below:

e duration of expression of emotion has not been given an estimate through scientific

investigation

e analysis of emotional constructs is vague lacking precise coordinate values of valence
and arousal, for example anger can be represented by say Valence=—3, Arousal=—5 but

also by Valence = —4, Arousal=—4 and boredom also by Valence=—4, Arousal=—4.
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e precision provided by the two quantities of valence and arousal in deducing
psychosomatic condition proved insufficient. Additional classifiers expressing say

intensity would be required.

e there is no previous evaluation of distinct physiological expressions of cerebral processes
to clearly define affect, cognitive, emotional or memory activity and distinguish them

from other cerebral activities.

e research in combining HR and STC responses employing the model of gradients in order
to identify mechanisms to deduce psychosomatic condition through emotional and
affective composition has not been found to date. In this regard, to verify accuracy,

information can only be investigated from first principles.

Additional components incorporated into the system such as gaze analysis and pupil size
estimation could improve validity and usability of the system dramatically in many more areas

of application as described in the relevant chapter of this text.

Right from the beginning of the concept analysis of this study, a system was planned with a
leg on each side of two equally essential objectives. First objective was certainly the perception
and development of a novel approach to develop an integrated device with established
capabilities for application in educational environments. The second objective was to provide
a high quality of measurement and produce a tool not existing before that would reveal
physiological responses as identifiable values corresponding to specific mental states of
engagement and effectively levels of attention. It is clinically proven that physiological
measurements of STC and HR can provide valid information on the actual psycho-
physiological state of a human and they can project an accurate indication of their psycho-
somatic condition. In clinical environments and in order to achieve a more precise evaluation,
the participant has to be connected physically with gel electrode and binding sensors and be

subject to kinetic and postural restrictions during the measurement.
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The first major limitation to overcome was effectively to devise an approach that would
eliminate the need for gel electrodes and straps causing the above limitations. Even though
experimentation using physiological data acquisition and bio-sensing has been the core engine
in many scientific fields to date, the fundamental concept of this study establishes a solid
foundation of seamlessness in application. This alone presents a major leap against any
previous claims for impervious experimentation as this is the first system available that has
removed the psychological impact caused by feeling that pervasive measurements are actually
taking place. The system described above employs a user friendly approach, eliminating
requirements for Kinetic and other restrictions caused by attached electrodes so that it can be
applied to any typical computer user who simply uses a computer mouse; similarly applicable
to mobile or other devices. Clearly this setup based on optical HR detection and trans-
conductance instrumentation allows for a very realistic psychosomatic state detection as the
subject is entirely free not only from sensors and attachments but more significantly from the

overwhelming pressure caused by the sense of being under some invasive observation.

Previous attempts to achieve meaningful results by utilising the computer mouse have been
abandoned either because the quality of measurement was computer platforms (gaming and
such) allowed other auxiliaries to be used (helmets, garments, glasses etc), or because the
application requirements were such that the user did not have to use continuously the mouse
during a particular session. Adding to that rejection of the mouse based physiological
measurement systems are undoubtedly the operational challenges facing the realisation of a
robust system, that would be unaffected by unreliable reading and artefacts produced by

undesirable movements in the point of contact of the user with the sensing elements.

The system portrayed in this literature has been designed for the assessment of the
psychosomatic state of a computer user, mainly in educational environments, with only
prerequisite that the user is using a computer mouse or a specifically adapted case of a mobile
device as the input peripheral device and in specifically designed learning or assessment

educational environments (Lekkas, Tsianos, Germanakos, & Mourlas, 2007, 2008; Schunk,
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1989). In those environments, the composition, appearance and completion time requirements
during the assessment are actively changing according to subconscious responses of the user.

A major advantage of the HR-STC system comparing to other systems used for User
Behavioural and Psychosomatic Detection in use to date is that data is being processed in real
time and utilised in real time, as opposed to others systems usually producing recorded data
for post processing. Conducting further tests with numerous subjects in the areas of educational
assessment for validation, verification of existing hypotheses and optimisation of the
significance of the combined parameters derived from measurements, this system is candidate
to become the first system that can produce in real time a display of the Affective Computing
Circumplex for research organisations and actively adapted HCI platforms. This characteristic
of the system could find application in broader areas of behavioural or psychosomatically
affected adaptive platforms beyond those dedicated to education. Also such a system can be
applicable for longer term psychosomatic profiling, providing a user classification index
prompting the user to understand when they reach or exceed a threshold of stress and

discomfort.
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10.1 Improvements

Beginning with the assumption that physiological measurements of HR and STC portray a true
relation between the psychological reactions and realistic experiences, results from our
experiments have proven that the system could be used as an objective indicator for the
assessment of learning experience, Confirmation comes also from the findings of other studies
supporting validity of the above (Drachen, Nacke, Yannakakis, Pedersen, 2010; Cusveller,
Gerritsen & Man, 2014; Nacke, Grimshaw & Lindley, 2010). Notwithstanding the fact that the
HR-STC system has proven competent effectively providing reliable measurements,
projections of objective psycho-physiological conditions derived through measurements have
shown increased accuracy in conditions where learners expressed higher states of alertness,
diminishing as they become less involved. Subsequently, areas of improvement have to be
channelled towards the allocation algorithms and additional processing modules aiming to

increase the precision of the system.

An improvement on the accuracy of detection of the correct quadrant and consequently the
correct cluster presenting the focused attention could be achieved by optimizing the system in
the following aspects:

e A baseline value derived from the auto-calibration algorithm of the system needs to be
deducted from the measured value thus subtracting the offset value that has proved to
bias the allocation to the quadrants towards the more positive/active representation.
This would improve the accuracy of allocation dramatically.

e The present algorithm for allocating the combined measurement values to the
corresponding quadrant was not representing the no-change values. Representing those
values as “retained last valid representation” would give an improvement of 18-23%
in all four quadrants.

e A predictive model algorithm adapted to the profile of the participant taking into
consideration behavioural, personal and emotional tendencies and trait anxiety could

be incorporated and this was expected to have improved system accuracy even further.
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Extracting more experimental data and studying multivariate correlations from larger
samples of participants could lead to new algorithms using fuzzy logic or neural
network architectures that would use the two measured quantities more intelligently
for further improvement in accuracy.

Respiration rate could be deduced from the heart rate with advanced signal processing
and that would have been a very significant quantity contributing to higher accuracy of
detection of emotion and mental effort.

Finally recognising the volatility of instant measurements that may be prone to large
fluctuations of readings, a significant step expected to improve dramatically the
precision and even add predictive capabilities to the HR-STC system would be
achieved if intelligent algorithms were incorporated to the existing algorithm. For
example, curve fitting applied to trend data in time intervals of say one minute, would
help to produce a more stable projection of psychosomatic states particularly useful in
applications that require longer term information rather than instant measurements such

as cloud or distant learning monitoring applications.

Further research in educational environments may address issues such as:

a. selecting and/or designing applications specifically for curriculum learning of
preschool and primary school children that may exhibit optimised structures,

could achieve enhanced students’ learning performance, and

b. studying the learning outcomes of preschool and primary school children on
adaptive learning scenarios, with a view to exploring and maximising the
effectiveness of free-form and formally structured applications for curriculum

programs and examination material.

Finally the forthcoming stages of our research include the development of a pupil size

variability detection system that will be incorporated into our system and the development of

specifically designed interfaces for interactive applications in mobile telephony and pioneering

educational technologies.
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10.2 Future work

Following the endorsement received during the process of validation of the system when
compared the system responses with those derived from commercially approved emotional
recognition software (i.e. Noldus facial expression analysis), diverse avenues considered to be
explored. Some thoughts were to incorporate other commercial products in future
implementations provided that the extensions did not violate the requirement for restrictions
posed by additional obstructive wearable sensing elements. Optimisation of commercial
products with the potential to be integrated with the HR-STC system has led to promising
choices as investigated in the following pages. Essentially, in order to maintain system
flexibility and minimise the use of additional sensors, commercial products extracting
information from visual assessment were explored such as those based on small cameras and
additional software processing modules. The above optimisation has revealed a number of
products that could be integrated easily inside the HR-STC system as explored in the following

text.

The HR-STC system may be applicable to fields of application beyond education and learning,
where the human psychosomatic state needs to be detected and responded to accordingly such
as airport security control, interactive games, aeroplane pilot warning systems, clinical
monitoring of longer term data etc. Given the fact that the aforementioned system could be
developed in small sizes and be adapted appropriately to portable devices, wider application
areas would be in mobile communication devices, Aml systems, e-learning and educational
assessment, virtual environments, and further areas requiring remote detection of a user’s
psychosomatic condition. With further study on improving precision of the descriptors, the
system would present an innovative and at the same time discreet solution in areas of
application such as security systems assessing severe psychosomatic condition of people like

terrorists in airports and other important check points.

The reason that similar systems have not been utilised in the above areas of application was

that EDR devices developed in the past have not been able to provide a continuous reading as

Page | 223



Chapter 10: Limitations and Future Developments

they did not employ Trans-Conductance but rather inferior methods of measurement based on
voltage measurements. As a result the human skin could compensate for the electron build-up
of the measuring devices in the same way it compensates for static electricity, producing thus
a decaying attenuation compromising the EDR signal after a short while. Since the HR-TSC
system can produce continuous and uncompromised measurements for long time intervals
presents new opportunities for monitoring applications in the abovementioned areas and

possibly fresh ideas spawn by emerging technologies.

10.2.1 Pupil size detection

The autonomic nervous system in humans is one of the two components comprising the
peripheral nervous system (the other being the somatic), that is responsible for keeping the
homeostatic balance (i.e. optimal physiological status of equilibrium) in the human body
(Tortora & Grabowski, 2006). When a balanced state (homeostasis) experiences a disturbance
caused by external factors like a sudden impact or a very loud noise, the parasympathetic and
sympathetic systems react in tandem in order to compensate for maintaining the initial
homeostatic balance. Correcting actions induced by the autonomic nervous system take place
in various parts of the body and in various ways (e.g. neurotransmitters, hormonal secretion
etc.) One important instantaneous reaction particularly sensitive to emotional responses
initiated by the autonomic nervous system is the dilation of the pupil of the eye. It is known to
be dilated by the sympathetic system when a stimulus causes emotional instigation and
constricted (or returning to normal size) by the parasympathetic system when the effect of the
stimulus diminishes (Gray’s, 2008). A small camera based pupil size detection component
could be incorporated in the system; expected to endorse the responses of the system with
respect to emotional reactions revealed by the other two physiological quantities already

utilised.

In future versions of the system, the user’s pupil size could be assessed also in real time and
simultaneously with the other two physiological measurements. This improvement was
considered greatly valuable since could be implemented unobtrusively, hence maintaining the

initial concept of the design and fundamental objective of the system. Requirements for the
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implementation of the Pupil Size Detection (PSD) and the integration with the HR-STC system
necessitate top-end computer processing power (that is available today) and software modules
for face detection and stabilisation, eye feature extraction and pupil size deduction and
assessment respectively. The only additional prerequisite to the existing contact of the fingers
to the sensing elements is that the user needs to be in viewing range of a camera. It was
expected that a relative size variation in relation to the iris would definitely complement system

accuracy and provide additional information on focus attention and emotional loading.

10.2.2 Virtual and augmented reality

The usefulness of the biofeedback acquisition system portrayed in this development would
present a significant benefit if used in virtual reality systems, where the concepts of user
immersion and presence were of primary importance. In brief, presence could be seen as a
multidimensional construct encompassing various factors that pertain to the system, the user,
or both, and potentially even other users. Although numerous definitions of presence have been
articulated (e.g. Jennett, et al., 2008, Kuniavsky, 2010, Lombard, Ditton, 2013, Lykken &
Venables, 1971, Strongman, 2003, Witmer, Singer, 1998, Witmer, Jerome, Singer, 2005), the
common thread among them is the users’ impression of being present not in their physical
surroundings, but in an alternate, computer-generated world. Immersion was often regarded as
a vital component of presence, nowadays increasingly studied in the context of computer
games (e.g. Damasio, 2006) — the latter being the primary manifestation of commercially

available and widely accessible virtual environments.

The strong point of the HR-STC system over self-report methods is the elimination of the
significant problem of disrupting the flow of interactive communication in order to assess
various aspects of the users’ psychological state, resulting in a greater decrease in the overall
perceived quality of the interaction. Therefore, a way of objectively ascertaining user state can
result on the one hand in a more truthful and accurate measurement of user psychosomatic
states and on the other hand in an improved adaptation of the virtual environment to the users’
characteristics. The utilization of the HR-STC system described herein as a tool for measuring

the users’ engagement and evaluation of various aspects of virtual environments was planned
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for the near future. More specifically, a series of virtual environments were being designed
with the aim of being used in order to investigate the impact of various environmental
parameters on user experience. Bio-sensing would be used as a measurement instrument that
would allow for the effective adaptation of environmental stimuli to the users’ aims and

characteristics.

10.2.3 Mobile devices and applications

Another great advantage of the system developed for the purposes of this research was its
versatility when supplied by auxiliary power so that it could nurse portable applications.
Provision was made in the design of the electronics for low voltage and low power operation,
so the system could operate on batteries and therefore could communicate with Bluetooth-
Low-Energy (BLE) devices opening doors to developments for 10T (Internet of Things)
applications. The value of the system as an aid in user performance and experience evaluation
in mobile contexts of use could be very promising. Sensing components could quite easily be
fitted onto a case of a mobile device, while miniaturization of electronic parts and minute
power requirements make the infrastructure easily within reach of development. A small size
BLE version of the HR-STC system would provide instantaneous readings to responsive game
platforms and apps as well as long term data records for user trends and statistical performance
analysis. Comparable wearable devices measuring HR and muscular activity have found
application on fitness and calorie expenditure estimation. Indication of psychosomatic

condition could be a valuable quantity in addition.

The context of mobile usage of the system (in both structured and unstructured activities) was
feasibility and operationally tested. Mobile applications differ from ordinary desktop
applications in requirements, largely due to the fact that the use of mobile devices occurs “on
the go”, which elevates the importance of how engaged users are with the task at hand or where
they focus their attention (in this particular case, excessive or minimal engagement may have
to be prevented in the interest of safety). Communication may be enhanced if incorporated

aspects of psychosomatic state revealing affective conditions between the remote speakers.
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In education, as the usage of mobile devices has been increasing, an interface that for first time
would deduce psychosomatic user response could provide an additional dimension used in
varying difficulty levels according to rules influenced by the above responses. Effectively, the
HR-STC system could conversely be used in time varying context environments such as in

educational assessment, user performance, context valuation and statistical analysis.

An immensely interesting area of application was also that of the next generation interactive
gaming. There, if psycho-physiological condition was respected as a major contributor to
making progress through gaming scenarios, that could create a new exciting multiuser
competing game experience. For example, participants from the Internet or other network
connections could compete in a racing game with their vehicle making progress as their
attention level remains high. Also in other scenarios the psychosomatic condition could be
facilitated seeking a balance between contentment and discomfort or any other pair of basic
emotional constituents producing a tool for users to develop new tactics for emotional

regulation.

10.2.4 Gaze analysis

Development of a gaze analysis software module or the incorporation of an existing
commercial product could be integrated in the system providing reinforcement of information
on valuable parameters of specific usability characteristics. Focusing duration of specific
display areas was up to now assessed without additional classifiers deducing say intensity or
vigour. Educational scenarios may gain additional information in evaluating pleasing aspects

of presentation layout improving usability and communication with the learners.

10.2.5 Cloud computing

The notion of cloud computing presented numerous advantages to computer or mobile device
users by unlocking their dependence to local processing and storage limitations.
Communication has been improved as users can use, store, share or promote information of

literally unlimited size and at the same time avoid congestion and storage bottleneck problems
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in their local computer or mobile devices. Widely available applications have been made
readily available to users which no longer require local installation. The impact of cloud
computing has not yet been fully estimated as new application areas continuously step forward.
Latest versions of software can be incorporated as soon as they have been released by the
companies and the users do not need to renew their versions of software. Users of cloud
environments can access their data from any place or device safely and with higher security

than that of a local system that may be impaired by hardware failure.

Sensing of engagement or derivative classifiers as the HR-STC could provide if made available
to cloud engines could augment responsive personalisation and adaptive capabilities. Cloud
engines may then be able to evaluate and improve content, assess preferential attitudes of the

users and levels of satisfaction as they occur.

Seen from a different angle, development of cloud based applications can respond to a tutor or
manager in a bidirectional fashion presenting psychosomatic information regarding specific

users.
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11. Contribution to Science and Technology

The HR-STC system development has produced a number of possible improvements and in
diverse disciplines as this research study stretches into different domains of scientific fields.
Primarily the aforementioned system, as an instrument, provided the means to measure reliably
two important physiological quantities achieving significant improvements over existing
devices and also introduced some particularly valuable concepts. With electronics and
software development as its core discipline, HR-STC has shown an integrated implementation
able to obtain the physiological quantities of Heat Rate and Skin Trans-Conductance with
dependability over long term measurement. Invaluable concepts were also the synchronisation
and homogeneity of data measurements that have proven to be an improvement comparing to

similar real time systems composed by separate laboratory devices.

Very important novelties introduced that made this undertaking possible were based on
original ideas that may be used in future scientific implementations. More specifically the
implementation based on latest technologies of Trans-Conductance instead of Resistive
measurements constitutes an improvement over previous measurement techniques. The
compact design and elimination of electrodes and attachments has improved system’s usability
enabling the use of the system in a variety of mobile and desktop applications. Instantaneous
measurements and post processing that produced conclusive interpretations of each valid
measurement, eliminated problems of discontinuity that would otherwise affect adversely the

output of the system in many applications.

A major obstacle for research affiliates and scientists when considered using physiological
stress measurements in studies and applications of user activation and engagement was the
need for initial calibration of the device used for each specific user. Vector facilitation of
measurements used in the HR-STC system has been another crucial concept as it can be applied
in similar cases where initial calibration and familiarisation phase needs to be avoided. In this
conception, vector information of measurements has been used rather than the actual quantities
measured which may vary significantly between users. Results can thus be conclusively

accurate while at the same time maintain an independence of the actual quantitative values
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measured from each individual. As a result, the system produces accurate results even for

different users during the same session of measurements.

Flexibility in adaptation of the HR-STC system either as an accessory or as an embedded
component that may be incorporated into any applicable device that needs to acquire HR and

STC signals exhibits another important asset.

Provisions for low cost design and miniaturisation have also been important, extending the
possibilities for volume production of the HR-STC system for use in widespread educational

and gaming environments.

Beyond the fields of electronics and user interface usability concepts the impact of the
effectiveness of the HR-STC system has obvious improvements in the scientific fields of
psychophysiology as it constitutes a generic instrument that can be used for verification and
study of various models of psychosomatic expressions. For instance, derivative classifiers
produced by the system may be used either standalone or in conjunction with additional inputs
such as gaze or iris dilation detection systems for study and verification of various

interpretations in psychology, education and other fields.

Results from the present study of the converging excitation model have produced firstly a
justification that previous suggestions of this algorithm have genuine foundations and credible
expression of mental activation and secondly that accuracy of the algorithm is diminishing as
the activation levels decline. This finding constitutes a scientific conclusion useful for many
relevant scientific fields such as psychology where physiological expressions of emotional and
affective constituents are studied extensively in search for classifiers pertaining to

attentiveness and focusing awareness.

The possibilities presented by the HR-STC system to operate during any form of
communication (e.g. in mobile devices, internet and cloud configurations) provide a valuable
asset for future application development in education, gaming and responsive environments.
Examples can be ranging from purely learning applications, to gaming and user satisfaction

response logging for the film industries.
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Specifically for applications in education, the HR-STC provides a practical tool that can
produce a realistic detection of scaled projection of student levels of engagement. Even at this
stage that detection accuracy has been unconvincingly high in high activation levels and even
more questionable at lower levels respectively, the HR-STC represents a pioneer
implementation that may find applications in monitoring where a margin of error is acceptable.
As an example, an application that can approximate levels of attention in a school lab or in

distant learning environment could prove very useful even with low accuracy (Figure 11.1).

Figure 11.1 Example application- Attention monitor

In educational settings where the contact between the tutor and the student is absent such as
distant learning, knowing that a student is simply attending the task is a type of information

not up to now available.
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Appendix A: Functional topology of the human brain

Extensive research in medical sciences, biology and psychology have gone a long way to
explore neural activity aspects and pinpoint brain areas involved in preset tasks involving
cognitive, emotional and behavioural physiological processes. Figure A.1 shows a sagittal view
of the topological allocation of the main areas of the human brain with their associated activity
area as they have been traced by means of multimodal assessment while under the instigation
of specific evoked potentials.
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Figure A.1 Human brain areas and their associated functions

Emotional, affective and cognitive functions have been identified to take place in the sub-area
known as limbic. Vast literature in valuation studies of somatic markers (Bechara, Damasio H
& AR., 2000) has identified that emotional status influences the way people react to events
and verified that functioning emotions rationalise decision making. From the side of human
physiology, findings concluded that once an emotional stimulus occurs, the brain initiates a
response via neuronal, hormonal and frequently kinetic reaction thus instructing the autonomic

nervous system to cope with the urgency and severity of the felt event while that is under
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cognitive identification. The hormonal activation includes the secretion of adrenaline in order
to increase the heart and respiration rate, however, neuronal mediation causes skin tentative
cautiousness by promoting sweat gland dilatation, in order to counteract for an aggressive
stimulus activating the sympathetic nervous system (fight state). As soon as the severity of the
event has been evaluated by the brain and classified as low or the intensity of the event has
eased away, the parasympathetic nervous system alleviates the imbalances introduced in the
previous time interval, thus returning the hormonal and neuronal stimulations back to ordinary
levels (flight state) and subsequently reinstating the equilibrium of homeostatic balance of the
human body. Apparently, as the above processes take place subconsciously, if this course was
somehow identified and ascertained then it could be considered as an optimised indicator of
human involvement in a mental task. Additionally, as these modus operandi of physiology are
common to all humans with similar reactions to a great extent, they provide a reliable method
for assessing psychosomatic arousal and active engagement by measuring mental activation
and its acuity levels. Accurate selection of physiological signals is deemed essential as
detection of homeostatic disturbance has to be complemented by quantified values of severity

and duration so that a classification of tentativeness and excitement can be achieved.
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Appendix B: Physiological process of emotion

Although some considered emotion as being only psychologically based, scientific discoveries
have shown emotion are based upon physiological processes as: “A complex reaction pattern
of changes in nervous, visceral, and skeletal muscle tissues in response to a stimulus. As a
strong feeling, emotion is usually directed toward a specific person or event and involves
widespread physiological changes, such as increased heart rate and inhibition of peristalsis.”
(The Longman Dictionary of Psychology and Psychiatry). Recent advancements in
neuroscience demonstrate that emotion is an interaction between chains of amino acids that
form neuropeptides and receptors. Emotions are normal physiological (organic) processes in
the body, some of which are pleasant and others that are quite unpleasant. Although the
primary locations for identifying the physiology of emotions are in the brain, spine and
autonomic nervous system, emotion affect any and all parts of the body in a physiological way.
Research has demonstrated that the biochemical substances produced as a result of an emotion
travel to almost every cell in the body in various ways such as hormonal; through the endocrine
glands secreting directly into the bloodstream, or neurologically transmitted; either adrenergic,
activating / deactivating neurotransmitters such as epinephrine norepinephrine, or directly
transmitted to induce muscular reactions caused by fear, startle response or other abrupt events.
Analysing the mechanism of operation of neurotransmitter interaction would provide a
comprehensive clarification and understanding of the principles employed, as these will build
the foundation for our approach on a specific design for the purpose of this study.
Neurotransmitters comprise a range of small-molecule chemical substances released by a
process - called exocytosis - from a nerve ending on the arrival of a nerve impulse, implying
that neurotransmitters are specific to particular neurons. They interact with receptors on
adjacent structures to trigger off a response, either excitatory or inhibitory. The adjacent
structure may be another nerve, a muscle fiber or a gland. The main neurotransmitters are
acetylcholine, glycine, glutamate, dopamine, noradrenaline, adrenaline, serotonin, histamine
and gamma-amino-butyricacid (GABA), producing radical and quick establishment of their
effective presence. Just as feelings cause for the most part unknown combinations of biological

interactions, the task to identify affect or emotional components becomes more complex
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limiting prospective ambitions to interpret the brain activity with high precision, however, as
biological interactions produce immediate responses that can be identified either as simple or
congregated reactions, the possibility to study behavioural patterns is made possible. Bio-
sensing is the use of chemically sensitive biological detectors utilising electronic analytical
procedures aiming to identify biomolecular reactions or concentrations thus revealing details
concerning specific biological processes. Various bio-sensing instruments have been
developed with commercially available sensors or transducers that can transform a
biochemical event or state into an analogous electrical, electronically or sometimes chromatic
scale thus distinctly identifiable form. Examples of commonly used biosensors are
electrochemical biosensors like skin PH sweat patches, continuous monitoring wearable
sensors and combined metal based reactive sensors used for detecting conductive or electrical

activity such as Electro-Cardio-Gram (ECG) Electro-Encephalo-Gram (EEG) etc.
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Appendix C: Psychophysiology of Electro Dermal Response (EDR)

Although an important function of the skin is to protect the organism it covers by keeping
bacteria, parasites, and noxious chemicals out and keeping vital fluids in, it also has a role in
thermoregulatory activities. The thermoregulatory contribution is produced by dilation of
blood vessels in the skin and increased sweating; both of which result in decreased skin and
body temperature. Blood vessel dilation increases blood flow in surface areas to enhance
cooling. The increased sweat on the skin surface produces cooling through evaporation.
Humans are remarkable for their relatively hairless skin and high density of innervated
thermoregulatory sweat glands. The density of sweat glands in human skin varies from around
50-200 glands/cm? on the trunk and limbs. to around 200-400 glands/ cm? on the face and the
dorsal sides of the hands and feet, with 600 to perhaps more than 2000 glands/cm? on the
palms of the hands and soles of the feet An interesting aspect of sweating is that it is not merely
thermoregulatory (coaling). This fact forms the basis for many behavioural studies. Sweating
or sweat gland activity, is reflected as changes in skin potential (SP) and skin conductance
(SC) in a variety of situations, including those that are emotionally arousing. For example,
eccrine glands of the palms and fingers of the hand respond only weakly at certain levels of
heat and strongly to psychological and sensory stimuli. One may have noticed wet or "clammy"”
palms in situations causing fear or anxiety. Sweating from psychological stimuli has been
considered by researchers to have adaptive value. It has suggested that the sweating of palms
and soles may be an adaptive response that persisted over the course of evolution, because it
aids in grasping objects. Darrow, as early as 1937, suggested that palmar sweating served to
increase grip strength and tactile acuity, reminding the typical scene of a labourer spitting on

his hands before grasping a pickaxe or shovel.

The interpretation of skin conductance requires some understanding about the structure of
tissues at and beneath the skin surface. Figure C.1 shows the main features of the skin. The
most superficial layer is called the epidermis and consists of the stratum corneum, the stratum
lucidum (seen only on "frictional surfaces™), the granular layer, the prickle cell layer, and the

basal or germinating layer. The surface of the skin is composed of dead cells, while at its base
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one finds healthy, living cells. Between these two sites there are transitional cells that constitute
the horny layer. Blood vessels are found in the dermis whereas secretory cells of the eccrine
sweat gland are found at the boundary between the dermis and the panniculus adiposus, also
referred to as hypodermis and superficial fascia. The eccrine sweat glands consists of an
excretory duct which is a simple tube made up of a single or double layer of epithelial cells.
This duct ascends up to the surface of the skin. It is undulating in the dermis and follows a
spiral and inverted conical path through the epidermis to terminate in a pore on the skin surface.
Cholinergic stimulation via fibres from the sympathetic nervous system comprises the major
influence that elicits the production of sweat by these eccrine glands. From an observation of
Figure C.1 one can understand that the epidermis has a high electrical resistance due to the
thick layer of dead cells with thickened keratin membranes. This characteristic serves the
function of the skin to provide a barrier and protection against abrasion, mechanical assaults,
and so on. The entire epidermis (with the exception of the desquamating cells) constitutes the
barrier layer), a permeability barrier to flow. Experiments show its behaviour to be that of a
passive membrane, however, the corneum is penetrated by the aforementioned sweat ducts
from underlying cells and while these ducts fill, a relatively good conductor emerges, and
results in many low-resistance parallel pathways. A further increase in conductance results
from the hydration of the corneum due to the flow of sweat across the duct walls. Sweat can be
considered as a weak electrolyte equivalent to a 0.3% NaCl salt solution. As a consequence to
the flow of sweat the resulting skin conductance can vary accordingly, depending on variations
of the eccrine stimulation. The aforementioned process is vivid particularly in the palmar and
plantar regions because at these areas whilst the epidermis is very thick, at the same time the
eccrine glands are immensely dense. A major function of the skin is to protect the body from
the environment and also to prevent the loss of body water, however, the evaporation of water
at the same time works as a means of regulating body temperature. These two functions of a
barrier layer that prevents the loss of water to the outside except through the sweat glands are
mediated by the sympathetic nervous system. So effectively the measurement of the volumetric
capacity of the sweat glands identified by Electro Dermal Response (EDR), provides a

comparable estimate of the level and extent of sympathetic activity.

Page | 6



Appendices

Hair —» =
< Stratum corneum|]®
« " lucidum E
«— " granulosum W
Sweat pore <« " spinosum E
<« " basale w

Papillary layer
Sehaceous gland } pilary fay
®
Arrector pili muscle E
x w
2 Reticular layer |Q
Pacinian comuscle

Collagenous fibers =
) ) w
Hair follicle <+— Hair follicle =
w
Sweat gland [=]
. ) =)
«— Adipose tissue e
Fatcells i o

Artery Vein

Figure C.1 Section of smooth skin taken from the sole of the foot. (Redrawn from Ebling, Eady, &
Leigh, 1992.)

It has been established scientifically that EDR is associated with sweat gland activity from
experiments which prove a direct correlation with stimulated sweat gland activity. Also
extensive literature exists (Fowles, 2007) showing that when sweat gland activity is eliminated,
then there is an absence of EDR signals. There are two major types of measuring EDR. One
involving exosomatic measurement of voltage potential applied to the skin and the other
endosomatic, where the source of voltage is internal. Obviously the exosomatic type has the

upper hand being non-intrusive.
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Appendix D: Literature on psychometric tests employed

Test sample pages to be placed here copyright permission allowing.

NEO-FFI Item Clusters:

The personality inventory was designed to assess the five factors or dimensions of the five
factor model (FFM) of personality that is explained in detail in the next chapter. Looking back
and examining the inventory itself, there are 60 items, 12 for each scale. Every fifth item is
from the same scale. Items 1, 6, 11, and so on assess Emotionality or Neuroticism (N). Items
2, 7, 12, and so on assess Extraversion (E). Items 3, 8, 13, and so on assess Openness to
Experience (O). Items 4, 9, 14, and so on assess Agreeableness (A). Items 5, 10, 15, and so on
assess Conscientiousness (C). A number of the items are reverse scored. For example, item 1
("l am not a worrier™) is reverse scored. The more you disagree, the higher your score on N.
Item 27 ("1 usually prefer to do things alone™) is also reverse scored. The more you agree, the

lower your score on E.

In order to explain the mechanics of the test we’ll look at some score calculations.

First, compute your score for N.

These are items: 1, 6, 11, 16, 21, 26, 31, 36, 41, 46, 51, 56.

Mark an "R" next to the reverse scored items: 1, 16, 31, 46.

For the non-reversed-scored items, SD=0, D=1, N=2, A=3, SA=4.

For the reversed-scored items, SD=4, D=3, N=2, A=1, SA=0.
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The sum of all 12 items is your score for N.

Now, use the same procedure to compute your scores for E, O, A, and C. The following are

the items for each scale, with the reverse-scored items in bold-faced type.

N (rev) 1, 11, 16, 31, 46, 51, 56.

E:2,7,12,17,22,27,32,37,42, 47,52, 57.

0: 3, 8, 13, 18, 23, 28, 33, 38, 43, 48, 53, 58.

A: 4,9, 14,19, 24, 29, 34, 39, 44, 49, 54, 59.

C: 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60.

One common way to interpret test scores is to compare them to the scores of other people who
have already a test. The other people who have taken the test are called a normative sample.
The developers of the NEO have given the test to a large sample of adults of all ages in the

United States. The following allows you to compare your scores to that normative sample.

Compared to males in the normative sample:

N: If you scored below 13 you are low (and below 6 very low) on N. If you scored above 21

you are high (and above 29 very high) on N. Otherwise, you scored in the average range.

E: If you scored below 24 you are low (and below 18 very low) on E. If you scored above 30

you are high (and above 36 very high) on E. Otherwise, you scored in the average range.
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O: If you scored below 23 you are low (and below 18 very low) on O. If you scored above 30
you are high (and above 36 very high) on O. Otherwise, you scored in the average range.

A: If you scored below 29 you are low (and below 24 very low) on A. If you scored above 35

you are high (and above 40 very high) on A. Otherwise, you scored in the average range.

C: If you scored below 30 you are low (and below 25 very low) on C. If you scored above 37

you are high (and above 43 very high) on C. Otherwise, you scored in the average range.

Compared to females in the normative sample:

N: If you scored below 16 you are low (and below 8 very low) on N. If you scored above 25

you are high (and above 32 very high) on N. Otherwise, you scored in the average range.

E: If you scored below 25 you are low (and below 19 very low) on E. If you scored above 31

you are high (and above 37 very high) on E. Otherwise, you scored in the average range.

O: If you scored below 23 you are low (and below 18 very low) on O. If you scored above 30

you are high (and above 36 very high) on O. Otherwise, you scored in the average range.

A: If you scored below 31 you are low (and below 26 very low) on A. If you scored above 36

you are high (and above 41 very high) on A. Otherwise, you scored in the average range.

C: If you scored below 32 you are low (and below 26 very low) on C. If you scored above 38
you are high (and above 44 very high) on C. Otherwise, you scored in the average range.

The NEO inventory measures differences among normal individuals. It is not a test of

intelligence or ability, and it is not intended to diagnose problems of mental health or
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adjustment. It does, however, give you some idea about what makes you unique in your ways

of thinking feeling, and interacting with others.

2 People who score in the average range tend to be generally calm and able to deal with

stress, but sometimes experience feelings of guilt, anger, and sadness

=« People who score above average tend to be sensitive, emotional, and prone to experience

feelings

2 People who score below average tend to be secure, hardy, and generally relaxed even under

stressful conditions

s People who score in the average range tend to be moderate in activity and

enthusiasm. Enjoy the company of others but also value privacy.

2 People who score above average tend to be extraverted, outgoing, active, and high-spirited,;

prefer to be around people most of the time.

2= People who score below average tend to be introverted, reserved, serious; prefer to be alone

or with a few close friends.
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2+ People who score in the average range tend to be practical but willing to consider new ways

of doing things; seek a balance between the old and the new.

== People who score above average tend to be open to new experiences; have broad interests

and very imaginative.

2+ People who score below average tend to be down-to-earth, practical, traditional, and pretty

much set in your ways.

2 People who score in the average range tend to be generally warm, trusting, and agreeable,

but you can sometimes be stubborn and competitive.

2 People who score above average tend to be compassionate, good-natured, and eager to

cooperate and avoid conflict.

== People who score below average tend to be hardheaded, skeptical, proud, and competitive;

tend to express anger directly.

2= People who score in the average range tend to be dependable, moderately well-organized;

generally have clear goals but are able to set you work aside.

== People who score above average tend to be conscientious and well-organized; have high

standards and always strive to achieve your goals.
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2 People who score below average tend to be easygoing, not very well-organized, sometimes
careless; prefer not to make plans.

NEO-FFI Reliability, Means, Standard Deviations & Constituent Items

‘e, G
9, S, %,
2. % ‘)
Y 4 ’,0
(42 g 'po (o
O L7 % /17 0"
2 € 2%, e 4 %
(¢ \Sao %/ '?o [ (-? (S
% o2 4. *~ % ] z‘r
Neuroticism Negative Affect .80, (.75) " 44 T 891 7 424 1* 11, 16* 31*_46*
Self-Reproach 82.(83) 7 40 " 911 " 506 i6,21,26, 36, 41,51 56
Extraversion Positive Affect 76.(.72) " 44 " 994 " 290 T8 AL BT B
Sociability 67.(57) | 34 " 809 " 278 i2.17.27% 57*
Activity 69,(52) 7 36 " 868 " 291 {2232 47 52
Openness Aesthetic Intervests 75.(81) | 49 T 724 T 271 {13,23% 43 33*
Intellectual Interests 74, (.64) 350 [ 773 [ 257 48* 53_58
Unconventionality 56.(40) ~ 24 " 885 " 262 i3* 8% 18* 38*
Agreeableness Nonantagonistic § i i 9* 14* 19, 24* 29*
T1,(72 o4 || 2103 || 44 7 3 alianEe o
Orientation -(72) 44* 54* 59*
- v v 4
Srosacial 58.(.58) 28 1272 173 i4,34,39% 49
Orientation
Conscientiousness Orderliness 74,¢70) " 37 " 1352 7 337 5 10,15% 30% 55%
Goal-Striving 68.(69) ~ 42 " 804 7 207 i25.35.60
Dependability 66.(62) ~ 35 1241 7 219 20,40, 45% 50

Note. N = 732, with exception of alpha coefficients in parentheses, which are from the
additional sample (N = 253). Mean r = mean interitem correlation. Alpha coefficient under
name of domain is reliability of NEO-FFI scale in full sample. * indicates reverse-keyed item.
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Alternative Rationally-derived Decomposition of Neuroticism Domain:

“ o
¢ %,
o,,'? &06 ‘ro}
2 X
/3 > ‘pﬂ/. " O‘b
4 % 7 2, 2 -
“ ED 4, %, e, & /’4'0,
9, % % ‘5| % | @ %
Neuroticism Anxiety ” 50 r 45 [ 537 [ 264 [1%.21.31*
Depression r 16 o517 o456 T 264 16* 41, 46*
Self-Reproach r 78 " 2 [ 683 | a0 6.11.26.51.56

Note. N = 732. * indicates reverse-keyed item.
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Appendix E: Pictures of the electronic prototype

Main electronics prototype unit with mouse

Main unit with connectorsa to USB and mouse respectively.
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Mouse with details of embedded sensors

Sample of a bead implementation of the circuit.
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