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Abstract

The present thesis has attempted to investigate an otherwise highly subjective aspect of design
called aesthetics, using empirical and neurophysiological tools. A new set of visual stimuli
consisting of 27 items was developed for eliciting aesthetic responses. Self-reported aesthetic
ratings were obtained from participants, while EEG neurophysiological data were collected using
Electroencephalography (EEG). It was observed that the aesthetic sensitivity of individuals varies;
therefore, consideration of the aesthetic sensitivity of users within product design has been

recommended.

The set of 27 visual stimuli was based on three visual composition principles: golden ratio, rule of
the third, and visual balance. All items were abstract geometric shapes to avoid any affective or
semantic connotations. Data were collected from different groups of participants. Weighted
scores of rank data of all participants across all items were computed and compared. Further,
EEG was used while participants rated the aesthetic quality of the visual stimuli to investigate the
underlying neural activities during the aesthetic judgment processes. Response time during
ratings, Event-Related Potentials (P1, N2, P3, LPC, FN400, AND LP), and theta coherence in

EEG data were calculated.

It was observed that the aesthetic assessment of less pleasing stimuli, as rated by the
participants, was more time-consuming than those of pleasing ones. Further, aesthetically
sensitive individuals, as decided by correct identification of the underlying visual principles, were
quicker to assess the stimuli than those less sensitive individuals. The theta coherence of the
brainwaves revealed that the judgment of pleasing stimuli required a more integrative approach
and undivided attention when compared with the judgment of the unpleasing images. During the
aesthetic appreciation task, activation of the dorsal stream was followed by the ventral stream
irrespective of the aesthetic value of an image. However, the aesthetic appreciation of less
pleasing images engaged the local processing and caused a delay in motor response that
reflected a slower response time in image ratings. It appears that the judgment of the pleasant
images was 'effortless,’ 'memoryless,' and 'timeless.' In contrast, the judgment of unpleasant

stimuli was more 'time-consuming.’

iii



iv



NIN

JAAM MY TEY 7 STHT ST 3R AABT fohaT [aH & SUSBRUN BT ITAN Hvoh faaiTd AlgaigHfd
B! S B BT Ua b B | Gied ufafsansit & e #va & faw 27 fomft &1 w7 e fasfid
foram mman 11 wfawfat § died e g ot el - Sefe Tdee it (3 $ Sff) &1 SuanT
TP 3 3 o RIMBRISNaASIwe STeT Teh= fawa mar o | g <1 711 fos aafdaal &t Hied dag=fterar
e Biell &1 U8 NUUSY I8 dob odl & b ITG fSome & iR Iuanterdisll o Hied dda=iterd

R f3IR B3 B ATaTHdT B

27 Foal o1 Ae A == Yo Rigial W S o, Mee- X4, § & 3 ¥, 3R daw | fadt ot
AT 3R 3rfquf T & s & forg ot fast orgd srafafa SR & s 71w 8| it &
faftm gt 9 Ter uad fosan mar unl it wet & wft ufaunfit & Y& ster & wiika sie! &t o
3R e 1 Tt & | wfuTRTal & gy Ay Tt ot uftanstt & SR sraffgad dfie fafafer
& S & o 15 3 off o1 IuanT oo man ut1 I & SRM ufafear a9 3R IEfid ERP (P1, N2,
P3, LPC, FN400, LP 3fR THETA COHERENCE) &I TUFT &I TRiY| I8 &&1 a1 fob ufaunfiral gr
e {6 7T HH T sl o7 Wied Jeaie, e THTa st &t g & $ifies w9 an
T UT| 3P 3felTal Jied Bl =P F Faa=iia safad, S ot srafiied =g Rigidl @ 9! ugaH
GRT Y fohaT T T, 39 HH HdgA=Nd Afadd] B gaT H SToi131 &l Tdhad H | dig & | dRedT
At @ et GET & Udl Iel & FHTaA Sdorst & (ofa & o siftier waigd e diur sik
iU ear 1 razudhar BIdt B

it Yeuichd S & GRM, Bfd & HH TTHIG TT S AU B4 HT THI0 SRIA W § ded
WY $ RE SH arel et Ty R 76T et g1, $H HHET Sfadl Bt Iy Jedie A
R TRIHRUT P IMAS b SR Hiex ufafehar & < &1 SRUT a1 o Bfa I § ¢t ufafesan
9T P ST & | T Uelid Bl & fob gae, sfadt o1 fAufg ger, iagh, 8iR ‘erardia oT | 396
faota, siftra Icsmrell &1 o Sifde ~0g oA arar Tl






TABLE OF CONTENT

LO7=T4 1] {Tor= ) = TP PEPEPP PP PPPPPPP [
A CKNOWIEAGIMENTS ...ttt ii
LAY 0] 1 = To: ST T iii
B PP PP PP PPPPPPPPPPPP v
LAY =1 =R @ o 10\ i I = N PP PER X
LISt Of iU .o Xii
[ o] B 1= o] (= SO PP PP PP PPPPPPPPPPRPP Xiii
L7 3T T 0] =Y o P USRPPTRPP 1
] A geTo VLo 1o ] o BT PRSP PPPPPPPPPPP 1
1.1, INrOdUCHION t0 ABSTNETICS ...ttt 1
1.2. Origin Of the Term AGSTNELICS ........uuiiiiiiiiii bbb eaeseenennee 1
1.3. Design Activity and AESINELICS ......cciiiei i 2
1.4. Aesthetic Experience and Designed ProdUCTS .............uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiie e 2
1.5. Role of Design PrinCiples in AESTNELICS ..........uuuiiiiiiiiiiiiiiii e eeeeeneneennnnnnes 4
1.6. ACSENELIC JUAGIMENT. ..ottt 5
1.6, 1. SUDJECTIVITY ...eeieiiiieii ettt e ettt e ettt e e e ekttt e e e e st et e e e e nbe e e e e e neee e e e e annaeeeeennes 5
1.6. 2. INOIMIATIVILY oo 6
1.7. Rationalistic and ROMANTICISt VIEBWS .........uuuiiiiiiiiiiiiiiiiiii e 8
1.8. NEEd fOr RESEAICH ...ttt 10
1.9. RESEAICN ODJECHIVES ...ttt 12
O F= T ) (= 13
L IO AEUTE REVIBW ..o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaas 13
2.1, AeStNetiCS IN DESIGN......ciiiiiiiiiiiiieie ettt 13
2.2, AEStNELIC EXPEIIEINCE. ....coiiiiiiiiiieieieeeeeee ettt ettt ettt et ettt e e e e e e e e eeeeeeeeeeees 14
2.3, AESENELIC SENSITIVILY ...ttt e e e e e e e e 15
2.4, Empirical Research on Golden Ratio............ooiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeee e 16

vi



2.5. Prevalent Aesthetic SensitiVity TeSES........coiiiiiiiiiiiiiiiiiiieeeeeee e 19

2.6. Experiment Strategy Based on the Prevalent Aesthetic Sensitivity Tests ..........ccccviiiiiinn. 21
2.7. Neuro-aesthetic Examinations of Geometric Shapes and Artworks ...........cccooiiiiiiiiiiiiici e, 23

B T S = ET= Y= T o] o I =T o1 U 25
(O g T T o] (1 e TP PPPOR RSP 27
Design of a New Instrument for Measurement of Aesthetic ReSPONSes ... 27

R 2 IO ) oo U (o] o PP P PP PPPPPPPSPPP 27
3.2. Arguments for Selection of Geometric Shape...........ooooi i 29
3.3, SUMUIUS SEIECHION ...ttt e oo e e e e e e e e e e e e et e e e e e e e e nnnenees 32
3.4. Applied DeSigN PriNCIPIES ........ceiiiiii e e e e e e e e e e ettt a e e e e e e e eeaaannaaeeeeaeeenennes 36
3.5. Construction of StIMUIUS Material ... 38
3.6. Collection of Data Using the Designed Instrument ... 45
3.7.Data ANAIYSIS ... 46
3.8 RESUIES ...ttt ettt ettt ettt ettt 57
3.9, CONCIUSION ... 58
(O] g T T o] (Y R S PO OPP PRSP 60
Behavioral Experiments, their Research Methodology, and ReSuUltS ..., 60
4. INEFOTUGCTION ...ttt 60
4.2. BaCKGrOUNG LITErATUE ......eiiiiiiiiiiiiiiieeeeeeiei ettt 60
4.3. Materials @and MELNOAS ...........uuiiiiiiiiiiiii e 61
4.3.1. Participants (Table 18) ...cccce oo 61
G T =T 18 11 o] o 1 =1 o O 62
G TG T {12 1 PRSP 62
S o =Ty o =T o) =T ST (] o J P 64
4.5, ODBSEIVALION L.ttt ettt e oo e ettt e e e e et e e e e e e e 66
ST @ o 1= T V7= i o] o I | F 70
4.7. RESUILS @NA DISCUSSION ......etitiiiiitiiiiiiiiiteiiieieeieetebeeee e 74
R T O] o U1 o o 75

O = T ) (= 76
Neurophysiological Experiments, their Research Methodology, and Results ...............cccoee. 76
STt N [ 01 (o T 8T i o T o PP 76

vii



5.2. Study 1 - Aesthetic Judgment With IMages. ... 78

5.2.1. PartiCipant DetalilS ........oouuuiiiiii e a e 78
52,2, SHIMUII ..ottt e ettt oo n bttt e e e n b e e e e e R b e et e e e n b e e e e e e nbe e e e e e nnnne s 79
5.2.3. PrOCEAUIE ... 80
5.2.4. EEG data acquisition and @nalySiS..............oouuiiuiiiiiiiiii e 82
5.2.5. ERP ANGIYSIS ...t 83
5.2.6. Thet@ CONEIENCE ..o ittt e e e e e et e e e e e e e et aeeaeeaanas 84
5.2.7. Execution of Source Estimation of EEG Signals ...............uuuiiiiiiiiiiiiiiiiiiiiiiees 84
5.2.8. StatiStICAl ANAIYSIS .....ovviiiiiii it a e e e e e e e r e 85
A. Behavioral Data...........oooo 85
B. Electrophysiological Data (Identification of ERP Markers) .........cccoooooiiiiiiiiiiiiiiiieceeee e, 85
C. Statistical Analysis Of ERP Data..............oiiiiiiiicie e e s 87
D. Statistical Analysis of Theta CONErence ... 87
E. Statistical Analysis of Source Estimation of EEG Signals .............cccooiiiiiiiiiii e, 87
5.2.12. RESUIES. ... 87
5.2.13. Summary Results and Inferences from ERP Study ...........ccoooiiiiiiiiiii i, 99
5.2.14. Summary Results and Inferences from Theta Coherence study.............cccccouiiiiiiiiiiiiiiiiiiiiinnns 100
5.2.15. Summary Results and Inferences from Loreta study............ccccooiiiiimiiii s 100
5.2.16. DISCUSSION ...ttt 101
5.3. Study 2 - Aesthetic Judgment with geometrical figures.............ooovvviiiiiiiiiiiiiieeee 102
5.3.1. Participants DEailS ........uiiiiiiiii e a e e e a e aae 102
5.3.2. Stimulus presentation and ProCEAUIE.............uuuiiii i e e e 102
5.3.3. EEG Data Acquisition and ANQIYSIS ...........uuuuummmmiiiiiiiiiiiiiiiiiieinneenennennnannnnnnnnnnnnnnnnnnnnnnnnnnnnnes 103
5.3.4. Observation @nd RESUILS...........uuuuiiiiiiiiii bbb 103
S 7] g Tod [0 11 o o H TP PPPTPTRTPP 104
L T T 0] (Y o TSR 106
CoNCIUSIONS AN DISCUSSIONS ... e e e e e e e e e e e e e e aaaeas 106
6.1. Fulfillment of Research ODJECtIVES ..........cooviiiiiiiiiiiieeee e 106
6.2. Fulfillment of Sub ObJeCtives 1 and 2 ........oooiiiiiiiiiiiiiiiieeeee e 107
6.3. Fulfillment of Sub Objectives 3,4,5 aNd 6 ..........cooviiiiiiiiiiiiiieeeeeeeeeeeeeeee et 107
6.4. ThesisS CONIIDULIONS. .......oiiiiiiiiiiee ettt e e e et e e e e eeeees 108

viii



6.5. Discussion of the ThesisS FINAINGS ........cooiiiiiiiiiiiiiiieeeeeee e 109

6.6. Limitations and FULUME SCOPE......cci oo et e e e a e e e e e e e eeanaas 112
F N o] o 1=T g Lo [ OO PPPPSPPTR 116
Pleasant - Unpleasant Images as Stimulus Material.............cooooiiii 116
Y =T E=T T ol oL OO P RSP PP PPPPPPRPPON 120
AULNOI'S BIOGraphy .....coooiiii 126

ix



Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10
Figure 11

Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.

List of Figures

The role of aeSthetiC AESIGNS. ......vvvuii e e e e 4
Fechner’s experiment (1876). Source: (Hemenway, 2008) ..............uuuuummiiimimmmiiiiiiiiiiiiiiiiiiiiiieneees 18
Representation of product experience based on Desmet and Hekkert (2007)...........cccceeeeeeeeneinnnn, 32
Example of scale from the wordform ‘MAN’ to measure the aesthetic responses........................... 35
Representation of mathematical notion of the golden ratio................ccccciiiiiiiie 38
Representation of 2/27 items for the measurement of aesthetic responses ...........ccccooeeeeeii, 39
Representation of 5/27 items for the measurement of aesthetic responses ...........cccccceeeviieiinnnnnes 40
Representation of 5/27 items for the measurement of aesthetic responses. ..........cccccceeeeeeieiiiinnn, 41
Representation of 5/27 items for the measurement of aesthetic responses. ..........cccccceeeiiiiiiinnnnn, 42
. Representation of 5/27 items for the measurement of aesthetic responses ..........cccccevvvveeeneenn. 43
. Representation of 5/27 items for the measurement of aesthetic responses ............cccccvvvneeenei. 44
Representation of offline surveys conducted with the participants ...........ccccccceeiiiiiiiiie, 46
Normal graph of the AWS of 183 participants across 27 items.............ccvieeeeieiiiiiiiiiiiieee e, 53
Representation of groups means scores of various participants. ..........cccccccieiiiiiiiriiecieee e, 58
Image of USB-based response device (Chronos) ..............uuuuiuiiiiiiiiiiiiiiiiiiiiiiiiiieeeees 62
Example of stimuli used from pre-reported aesthetic sensitivity tests..........ccccooeeiiii 63
Example of pleasant images as stimulus material...............cccooviiiiii 64
Example of unpleasant images as stimulus material...............cccccoceeiii i, 64
Experimental design of aesthetic sensitivity test ............cccoii s 65
Experimental design of image-based aesthetiC reSpONSES..............uuuiiiiiiiiiiiiiiiiis 66
Graphical representation of the mean rating vs. mean response time...........cccccevvvvvvvevvieeeieeeeenene. 67
Graphical representation of the mean response timeto Pland UPI.................c.oiiiiiien . 67
Graphical representation of the total time onthe Pland UPI...............cccoooiiii . 69
Graphical representation of ‘average time’ onthe Pland UPI ... 69
The correlation between the R and RT of MS and LSI (for Pl) .......coovviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeee 72
The correlation between the R and RT of MS and LSI (for UP1)......coovvviiiiiiiiiiiiiiiieeeeeeeeeeeeeee 73
Representation of the two studies conducted using the EEG inthe lab..............cccccoiiiiiiiiiinnnnes 77
Representation of recording of EEG data................uuuiiiiiiiiiiiii 78
Representation of rated pleasant IMagesS............uuuuuuiiiiiiiiieeeenennnnnes 81
Representation of rated unpleasant iImMages........coovvviiiiiii i e 81
a. Pleasant and Unpleasant categorization of images, b. Experiment flow diagram .................... 82
Representation of EEG data flow processing diagram ..................ueuuuiieiiiiimimiiiiiieieeeeees 83
Behavioral data concerning ratings (top) and response time (bottom) in (Ms) ..., 88
Sig. diff. ERP at PO8 for P1, VAN, N2, P3, LP, FN400, LPC (0.5-600 MS) .....cccevvvereeeiiieeieeeeeeenee. 89
Sig. diff. ERP at TP9 for P1, VAN, N2, P3, LP, FN400, and LPC (0.5-600 MS) ...........ccevvvrrveeennn. 89
Sig. diff. ERP at P4 for P1, VAN, N2, P3, LP, FN400, and LPC (0.5-600 MS) ........cccvvvvrverrreerennnn. 90
Sig. diff. ERP at OZ for P1, VAN, N2, P3, LP, FN400, and LPC (0.5-600 MS)..........cccevvvrrrrrrrenenn. 90



Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.

Sig. diff. ERP at CP6 for P1, VAN, N2, P3, LP, FN400, and LPC (0.5-600 MS)...........ccccvvveeeernnnne 91
Sig. diff. ERP at Pz, for P1, VAN, N2, P3, LP, FN400, LPC (0.5-600 MS) .....cccveiiiiiiiiiiiiieaaeeeeane 91
Short (purple), long (red), and interhemispheric (blue electrode pairs)..........cccccceeiiiiiiiiiiininnnnnnn. 96
Mean (inverse Fisher’s) in theta (4-8 Hz) frequency for (600-1000 MS)........cceeveeieiiiiiieiiiieieeeeeen. 96
Frontal (Red), Central (Brown), and Parietal (BlU€).................iuiiiiiiiiiiiiiiii 97
Mean (Inverse Fisher’s) value in theta (4-8) frequency for (600-1000 MS) ..........ccovvviiieeeeeeeeinnnns 97
Representation of Broadman Areas for different stimulus types. ... 99
Schematic representation of visual information pathways ............cccccciieiiiiiicc e, 101
EEG Experiment flOW diagram ............ . e 103
Correlation between the correct ratingand ERP P3.........oooii 104
Collection of images rated as pleasant ..o 118
Collection of images rated as unpleasant..............ccccoiii 119

xi



List of Tables

Table 1. Rationalist and romantiCisSm VIEWS. ..........uu i e e e e e e e e e e e eeeenees 10
Table 2. An empirical investigation of the preference for the golden ratio. ...........cccccceeeiii i, 19
Table 3. Prevalent aesthetic sensitivity teSt. ... e e 21
Table 4. Various tests with different stimulus materials and evaluation approaches..............cccccceeiiiiieeinnen. 28
Table 5. Three levels of product experience; (Hekkert, 2007). ..........cooiiiiiiiiiii i 31
Table 6. Representation of all three levels of experiences w.r.t word ‘MAN. ... ... 33
Table 7. Representation of all three levels of experiences w.r.t word ‘VAN. ... 34
Table 8. Representation of weighted scores of participants 1 & 2 for stimuli 1. ..., 47
Table 9. The weighted scores of art StUAENtS. ..., 48
Table 10. The weighted scores of design StUENTS. ... e 49
Table 11. The weighted scores of engineering students. ..., 50
Table 12. The weighted scores of SChool STUAENTS. ........ccooiiiiiiiii e, 51
Table 13. The weighted scores of construction [aborers. ..., 52
Table 14. Representation of Cronbach alpha, KMO, and Bartlett’'s test.............ccoooiiiiiiiiiie e, 53
Table 15. Mean of the weighted scores of each participant across the scale. ..................oiiiiinn, 54
Table 16. Identified ‘t’ and ‘p’ values after the independent ‘t-test.’ ..........c.cccoeii i, 56
Table 17. Mean and standard deviations of participant’s group. ..........oeuuiiiiiiiii e 57
Table 18. Participant detaiilS............. i e e e e e e e aaaan 62
Table 19. Result of one-way ANOVA test across the 200 images onthe Pland UPI. ..................... 68
Table 20. Total RT and Average RT during the aesthetic judgment of Pland UPI. ..............ccccoiiieeiiin, 68
Table 21. List of participants’ ages and their correct responses to the AST. ........ooiiiiii i, 70
Table 22. The one-way ANOVA test of mean response time (ms) of Sl and LS| for Pl ...............ccc. 71
Table 23. The one-way ANOVA test of mean response time (ms) of Sl and LS| for UPI............................... 71
Table 24. Iltem statistics for 500 random images were shown to the participants. ............ccccciiiiiiiins 79
Table 25. Inter-rater correlation matrix of the rates onthe Pland UPI...............oooi 80
Table 26. Student’s ‘t’ & ‘p-value for the Visual Consciousness (VAN) stage depict sig. Channels. .............. 92
Table 27. Student’s ‘t’ & ‘p-value for the Visual Perception (N200) stage depict sig. Channels only.............. 93
Table 28. Student’s ‘t’ & ‘p-value for Visual Perception (P300) stage depict sig. Channels only.................... 93
Table 29. Student’s ‘t’ & ‘p-value for the Visual Perception (LP) stage depict sig. Channels only.................. 93
Table 30. Student’s ‘t’ & ‘p-value for Implicit Memory (FN400) stage depict sig. Channels only. ................... 94
Table 31. Student’s ‘t’ & ‘p-value for the Explicit Memory (LPC) stage depict sig. Channels only.................. 94
Table 32. Source estimation and tabular representation of Brodmann Areas...........ccccoevviieiiiiiiiiiiieeeeeeeeeeene 98
Table 33. A list of situations and objects gives a positive and negative effect. .............ccccccniis 116

xii






Abbreviations

Symbols

RT
ROI
EEG
ERP
VAN
LPC
LO
AJT
VAST
BA
PI
UPI

0 Q M S

Response Time

Region Of Interest

Electro Encephalon Gram
Event-Related Potential
Visual Awareness Negativity
Late Positive Component
Lateral Occipital

Aesthetic Judgment Test
Visual Aesthetic Sensitivity Test
Brodmann Areas

Pleasant Images
Unpleasant Images

Golden ratio
Dielectric constant/permittivity

Cronbach Alpha (Reliability Constant)
Efficiency

xiii



