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ABSTRACT

The paper shows that the modern retail sector is characterized by high competition, which pushes companies
to develop innovative marketing strategies to enhance customer engagement. The article considers sensory
marketing as such a strategy, which plays an important role in shaping consumer perceptions, preferences, and
purchasing decisions. Sensory marketing, as an innovative approach, influences all five senses of the consumer
(sight, hearing, touch, smell, and taste) to shape their perceptions, emotions, and behaviors. Unlike traditional
stimuli, sensory signals often operate at an unconscious level and bypass rational processing, which significantly
affects the decision-making process of consumers. Sensory stimuli trigger cognitive, emotional, and behavioral
reactions that play a special role in shaping the consumer experience. The paper emphasizes that despite the
abundance of literature on sensory marketing, the impact of sensory stimuli on consumer behavior is still insuf-
ficiently studied in emerging markets, including Georgia. Most of the existing studies are concentrated on de-
veloped economies and do not take into account the specific circumstances characteristic of emerging markets,
which are related to different cultural contexts, consumer behavioral characteristics, and the structure of the
retail environment. In relation to Georgia, the current issue is very relevant, since the retail sector has developed
significantly and competition has increased in recent years, which necessitates the need for an in-depth study
of consumer behavior in this area. Based on the above, this study aims to study the impact of sensory stimuli on
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the purchasing behavior of retail consumers, which is based on the S-O-R (Stimulus-Organism-Reactions) model.
The S-0-R model describes how environmental stimuli are transformed into internal states and, ultimately, be-
havioral responses. This model is particularly suitable for the study of sensory stimuli, as it allows for the study
of the direct and indirect effects of sensory stimuli on consumer behavior.

The study uses empirical data from 723 respondents, processed using structural equation modeling PLS-SEM.
The results of the study show that sensory stimuli significantly increase consumer engagement, which, in turn,
has a noticeable impact on purchase intention, which ultimately shapes purchase behavior. The results show that
olfactory stimuli (f=0.568) and visual stimuli (f=0.554) have the strongest impact on consumer engagement. In
addition, engagement significantly affects purchase intention (=0.770), and the latter - on purchase behavior
(B=0.765). The study fills the existing literature gaps in the context of emerging markets and presents practical
recommendations for the effective use of sensory strategies in the retail sector.

The present study showed that sensory stimuli have a significant impact on consumer behavior in Georgian
retail. Our study confirmed that sensory stimuli play an important role in shaping consumer behavior. In par-
ticular, the results showed that visual, auditory, tactile, olfactory, and gustatory stimuli are positively related
to consumer engagement, which in turn affects purchase intention, which in turn affects purchase behavior. In
addition, one of the results of the study revealed that not all sensory stimuli have equal power. A particularly
strong effect was observed in relation to olfactory and visual stimuli, which indicates that these two factors may
be the most effective in shaping consumer emotional engagement in retail. This result once again confirms the
idea that consumer behavioral reactions are formed not only by rational assessments, but also by unconscious
perceptions of the environment,

The analysis revealed statistically significant relationships between individual sensory stimuli and consumer
engagement, as well as between engagement and purchase intention, which, in turn, has a significant impact on
purchase behaviour. Regression analysis also confirmed that the use of sensory stimuli in retail has a strong ef-
fect on enhancing consumer engagement. All hypotheses formulated within the study were confirmed, which is
fully consistent with the S-O-R model.

Theoretically, the study extends the existing literature in several ways. One of the main contributions is the
confirmation of the role of consumer engagement as a mediating mechanism between sensory stimuli and be-
havioral outcomes. Within the framework of the S-O-R model, it was confirmed that sensory stimuli influence
consumer engagement, which subsequently determines their behavioral responses. These results expand the
literature on sensory marketing in the context of emerging markets and prove the effectiveness of the sensory
marketing approach.

From a practical perspective, the findings of the study offer important recommendations for retailers. Mar-
keters should implement integrated multi-sensory strategies to enhance the customer experience. The use of
olfactory and visual stimuli can be particularly effective. In cases of limited resources, it is recommended to use
pleasant aromas in retail outlets, select optimal lighting and color combinations, and design the environment in
a way that will promote customer comfort and increase the time spent in the store.

Overall, the study confirms the effectiveness of sensory marketing in the Georgian retail sector and creates
an important theoretical and practical basis for a better understanding of consumer behavior and strategic busi-
ness development.

Keywords: Sensory stimuli, S-O-R model, consumer engagement, purchase intention, purchase behavior,
retail sector; Georgia.
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domamos, bagetmggmmda Imdbdamgdgmms g(3930L
893begMgeo 33eg3e 0b6GgbLogMag brmdEngeregds
(Apil et al., 2009; Todua & Dotchviri, 2015a; Todua &
Dotchviri, 2015b; Todua, 2018; Todua & Urotadze, 2022;
Todua & Kartsivadze, 2025; Todua & Gogitidze, 2026),
09339, 98 3mobom go 339mo bamgzggbgdo dg0d-
RBy39. 306 gNNEMgd0m 5rbbadbagas ab oo, Bm3,
dm3bBsMgdgmms J(3930be80 g5 bMmn 0bGgmgbob
3099690003500, 5003 0mMdMNZ 535009307 LogM (3930 bg-
BLmEgma bB0dnmgdal Igbabgd Ro@omgdmmoa gd3o-
Gogero §3g39de 360d36gmmabar dgdbmgrgmos.
s6Lgdamo 65dMmmIgdn Im3bsmgdgmos J3935dg
LgBLMEYEa bGdMmgdal gogmgbol LomMdabgyemo
86snbab Ro@ogdal 3gbadmgdmmdsl 396 odmggs.
Logo@mggmmda Bo@omgdamo 33mg39d0, dofomes-
©o©, m3gbofMgdymoa dmdbdomgdgmms J3930b
Bmase sb394@gddg s 56 dgabbagmab bgbbmEmma
LGOI gdal HmEl IMB3oMgdgemmms ReMormmmmdabes
0 (393000 M5 (30900b FMEInmgdada. 5¢badbyyma
batizgbgdo Bom3mMImdL bomMBobgmmo gd3nMammo
339300 Bo@oMgdal LogoMmgdsl. dgdmombadbemo-
36 g53m3nbafyg, Babsdogdsty 33mggzoL 3adsbas
bagemggmmda bagomm gogmdab mdbdatgdgmas
34393509 LabLEEMEO LG NINEdob gogmgbal Igbbe-
3o, 33emg30b 30Db0sb go3m3abatg, bo3madda Re-
dmyamodgdamons dg3mgan bs 3gmggn goombggda (RQ):

RQ 1: ®dmam& gogmagbslb sbmgblb Lybbmmmmo
LEEIYmgdo yowzolb 3Gmgbda 3mdbIsmgdgmoms
Roogemmmdsdy?

RQ 2: Gmgm& gogmagbsl sbgbl yogal 36m-
(39b30 3mBb3atgdgmms Rsmmmds dgnggmmdoo
356bMsbgadg?

RQ 3: dmam go3mgbsl sbmgblb dynmzgmmdoma
3356bMsbgs 8ynwzggmmdom 3935097

2. Q083608 VAOL 303MLOTR3O RO 43WIA3NL
303M0IDI3OL 30630006330

33g30b ogmEommon bagggydggmos Mehrabian-obs
05 Russell-ob 3096 393353900 ,bG0dYmmao-mErgs-
6oB3o-gs 73000 (S-0-R)"“ dmegmo, Gmdgemo s 5cbgMb,
o) Mmame 30Ms0436g6s gomgdmb bLGadymagda
d0bogob dgmdsmgmdom s, badmemmme, J3930m
cg9od(309ds0 (Mehrabian & Russell, 1974). gbs mgma
35bbsggm@gdom dgbaggmobas bgbbmExmeoa bdnd«-
930l 3gbbsgmobmgal, Mowasb dmdbdsmgdgmms
34935bg bgbbmEma bENIPmgdal SoMEsdntn ©s
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sMd30Msd0Ma gogmgbol dgbbogmal badmsemygdsal
ndmggs (Wang etal,, 2023). ngo 0ogaemobbabgdlb 0dsb,
®m3 LB odmmab (S) Bgdmd8gmadom ssd0sbgd0 sb-
09696 3mabo@ o s gdmz0nca doamdstigmdals (O)
396960M9dsb, Mm3magda(s, mogob Jbng, 0bggzgLb dom
95930980 (R). gL 085L 603653, HMB v58056980L do-
Bogobo dpamBamgmds dgns 304 gogmgbal sbogbl
80 dgbadmmm Mgad(3090Dg, Hmamtingss doamBol o6
s30mmgdab Mgogzngde (Cao etal, 2024). SOR 8mpgmao
3300035dmAL Londgom LN J&NEgdL, Hmdmgdacs
35693560 LGP gdoo asdmbggmmo nbmogowys-
a0 30043930bs s gdm309d0m 3ob3nMmdgdyyemn
33939800 obL6530 g39bdatgds (Su et al., 2022). SOR
m@gmob m@ymemmds 358mbagdmmoas bbgsmsabbgs
306mdq6do, doo ImMab Lazomm godcmdol dm3be-
bgdol 3mBbdsmgdgmms J393930 (Saricam, 2023;
Pereira et al.,, 2023; Todua & Robakidze, 2023; Erensoy
etal, 2024; Todua & Danelia, 2025).

dbg3gmmds 50530060L EMBnbsbEyMn amdbm-
3o, Mm3gema(g aomgdmb bGndnmgdol 80%-b swog-
393L, 35bbsFHOEgdam, bozomm s Mbmonbasmg-
dmdo (Lietal, 2023; Silaban et al., 2023). 3obgsemo
dmEammds yzgmadyg bdoMow g0dmygbgdnmo ©s
Lobm Lgbbm@mmma Lob®gdss, MmIgma Lbgs bgb-
beGgem Jgadbgdgdl Anmagl. dmmagfan gobsmgds
dm3dbatrgdmabomgal bosdmgbgdal gob(3000L domsgatin
RodG™ME0s, 3gMdme, Fomsbonlb ggMma Imabdscigs-
mgbdo Lnsdmzbgdel s 93DbgdsEMBLL Bl (Zha
etal,, 2024). 30%@0@‘360 BoJG™MMgdo, Hmama(3os
306507905 s gobmogqds, 33960L MM dM3bIomgd-
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ol bosdmgbgds by 860d369mm3ba Imddgmgdl (Jang
& Lee, 2019). ggn 0b393L 8mBb3smgdmals gzobom-
a0 s gdm30m6M Mgod(3090L, 30bsnwsb mdaeman
3gfgd0 dbnsGm 4566ymdaliosb sbmznMogds (Liet
al, 2023). bgbbmEmeo 8ot 39@0bgo 3M0G 0 M Hmmb
SbEmmgdl Mm@ ob 3g9MRgbosnbabado (Lyu &
Huang, 2024). 30 bggamaco 8sbabosomgdemado, 3gdmeo,
8339060 56 bLodg@Hogmo adsnbo, 3MmEe &b
353mMRgmmdslb D0l s smddnm bomabbdyg we-
©gd0mom 3mddgrgdl (Krishna etal., 2017; Chen & Lin,
2018). Bg8mambndbimnmsb 3o8m3mnbatg dgadmgds
Ra8mzoymadmo d98ga0 Jndmagds (H):

H1: gobgomayo bEodnmagdo owgdom gogmy-
6sb sbogbl gogol 3Gm3gLdo mBb3smgdgmms
BoBommmdsdg.

Bmbgca dqbogs o 539LE0ZYM0 aDdsaba Le-
30¢mm go6gdmb 860336gmmzga60 3m33mbgb@ns, Gim-
3903 8m3bdacgdmgddo bosdmgbgdal, emdnbofgdals
3563000 s 39693mb a©gdom Jggebgdgdl sdmag-
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900 (Li, et al, 2023). 6gemo 89330b 3gbogs Im3abgol
Mmb sbobamdmnzgdL s dgdmbagseemlb brab, bengnm
oo 89830l 3gemmmos mg3tm bEMsg dgnggemmdom
3505by3980mgdgdL 0b3g3L (Milliman, 1986). 3emsbo-
3160 Iqbogs guxnbydolb d6gbogdol domabogdda
369600l 3MaLGnyglb dEal s dyowzgmms dggge-
LgdgdL o3 xMdgLYdL (Spence, 2011). syo@mEama
Logbomgdo sdmogfmgdl dMgbwal @adabbmgmgdal
©5 93mEomo 303306980l Rsdmysmndgdsl (Jang &
Lee, 2019; Zha et al, 2024). 3¢bogsb dggdmns, bdm-
3960 g98m30mygds 394365L s 696wl ngb@mds
s 030k aosdmog@mb (Abdolmohamad Sagha et al.,
2022). 599056 353mB8nbsg, 3gndmgds Rodmgaysema-
dmom dg9mgan 3n03mogbs:

H2: L3gbomo LB 03ymagdo owgdom gogmgbsl
3bgblL yowgal 3Gm39L30 mBbsmHgdgmms Rs@my-
mmdady.

dgbgdob 0sdnsbms §3m(3053dg dmogo gogmgbs
5g3L (Jang & Lee, 2019). 3gbgdoma bgadnmgdal smdds,
AMam@0 (300 3OmME @b dsbams, §933gMsG M,
&94LB s, Bmbs s bd 336039, IMbIsMgdgmms
543530 3603369mmz56 Bmb sbGxyemgdl (Zha etal,
2024).39bgds 900530560l g3mbs85b@ 0 gdbmdss,
Hmdgmbsy ImIbIsMgdgmms 4393980 ©OEO yude-
©mgds gig3e (Krishna, 2012; Karangi & Lowe, 2021).
dgbgdoma bednmgdo gsbbsgmmEgdom bgdmddg-
©98b domamo RsGommmdal 3Jmbg 3Gmwn]@&qddy,
AMam0(350 9 g mMbo s ob BB ybgdal bLogbgdo,
o3 Im3bBomgdgmos dggobgdgdlb smdxmdgbgdl
5 bozomm 3o4MHmdodn dgdgbal Jomar semdsmmdasls
33633060mdgdL (Spence & Gallace, 2011). dgbgdomo
a03dm(30mgds g53mgbsl obgbl dmabdsmgdmgdals
3096 3OmEnddgdolb dgmhigzedy, gdmogdbs o
Jggobgdody (L, et al, 2023; Silaban et al., 2023). bg-
8mombndbmmao by gmmds badymamgdal gzodmgsl,
Rodmgayomodmo dgdmgan 3odmomgde:

H3: 3gbgdomo bBodnmgdo owydom gogmgbsl
3bgblb yowgal 3Gm3gb30 dmBbsGHgdgmms RsGovy-
mmdsdy.

4bmbgs 3dnMmmEas ©s393d0Mgdmma s@adnsby-
b0l 938m(3098m86, 3mambgdgdmab o 3gbbogfgds-
LB, M3 3oL b(gomm 3ogEIMBa30 306Ls 3McPgdm
3609d369mmdsl sboggdl (Krishna & Schwarz, 2014;
Herz, 2016). baboadmgbm s®m8s@gdo 8madbIamgd-
9330 0500 5035 o ggebgdgdl 0b3g3L, Mo
36 @& gd0b dgdgbal omam sendscmmdsl gobsdo-
cmdgdL (Silaban et al., 2023). pmgobscmgal 8Msegsma
3M335b05 094gbgdlb L3gznomnE LyMbgmadl, Moms
Lobasdmgbm sMmBs@gdal Igdgzgmdam dMgboal ©s-
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3obbmgMgds s mmosmummds gobsmomb (Petit et
al, 2019). sbggg 3393900 5h39653L, HMAE ybmbgoma
LEOIYmgda ggddngmo bs3ggdnb domgdab byGgaml
abgg3L (Martins, et al.,, 2022). Logeobbdms abogs,
M3 bagomm bogagmm bogM3g3dn, bows godmyg-
6gdmmos Labosdmzbm smIs@gda, gmegsbgdamo
368 gdab dodoo Imabdamgdmgdl ¢3gmgbo
073000 50 Jds s Jguebgdgdo MRbogdsom (Jang &
Lee, 2019; Zhaetal,, 2024). 580350, 658mygbgdmemons
930930 30dmamgde:

H4: gbmbgomo bednmagdo pswgdam gogmgbals
3bgbl gozal 3Gm(39L30 8mBbsMgdgmms RsGory-
mmdady.
mqdal 6sBoo, 360d369mmm356 AL Mododmdl
3m3bdamgdgmos bgbbmEnm s¢ddsdn, 38symenemyg-
dobo s gdmoym® Mgogdosdo (Martins, et al, 2022;
Zhaetal,, 2024).8sg5momow, by 33980b &qJLEmEs s
$933969@ s 3ynggmos psgdom g3m3050dg s
380gmazz0mgdadg 3oMmadnm 8mddgwmgdl (Jang & Lee,
2019; Silaban et al., 2023). 399mb 60393980 DMl
dynggmmdom gobdbMabgzsal, gobsnwsb dnMmsdnta
353m(300mgds 3mabdomgdgmms bpmdsl, 53009684
Mmdal o dMgbnbadn o®gdom sdmowgdnmg-
bl odmng@gdl (Piqueras-Fiszman & Spence, 2015).
Logzgd 3OmE8Dg ghm3s bgasdommds Mgod30sd
dgodmgds 35LDy bobgmdmogo megol sMowgds ao-
3mnbgomb, bmmm ogdomds Ggadosd bagzgdol
3mb3amgdob bamzgogbm 8mgmbgdgda sedtsl (Zha
etal, 2024). by 3398005 s LobIgmgdab nboyMbEM0sda
399m yz3gmodg ddmagma LybbmGnmo bEodnmos,
Mm3gema(g dmb3smgdgmmoms gdmson® Rammemmadal
5 mmose@mmdal sndxmdgbgdl (Piqueras-Fiszman
& Spence, 2015). 535b0b @s3o3d0Mgdom dgdmamsgs-
Bgdos 398mgan 3ndmagdbes:

H5: 399mb39a6d6930l b 08xmgdo sEgdom go-
3mgbob obgbl gogolb 3Gm3gLbdo 3mBbAsMgdgmms
RoBommmdsdg.

40030l 3Gm (39830 MBI gdgmms RsGmyyemmds
BomBmoagbl dnomgoy® 854s60b3L Lgbbmeyem
LEEFMEgdLS s J3g300 Fog@mEgdL dmEnb. gdm-
GOYM0 ©s smddymo mofMgdymgds, Hmdgmbscg by-
bLeEMmo g5dmzamagds J3bab, dmdbdamgdgmms
Rooemmdsb s, Jgbodedobsw, dgowzgmmdao gob-
Bobzgeb bl (Haase, etal, 2018; Wangetal,, 2023).
Loodmgbgds o oEgdomn gdmzngda 3oMEsdam
8mg39mgdL 3ynggmmdao 3o6bMabzedyg, saMgmgy
35689mE9d0m 35LYn393dg s M brbadn cnmas-
m@mdsdy (Jang & Lee, 2019). 369600l (36mdsmmds
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©d 30l 30dsGm gdmoyca 3ogdomo sdmagfgdl
m3b3sMgdgmms Ro@ommmmdal, G (3 Bsmaem 8ynwgzg-
mmBoom gobDMabzol aobs30MHmd 3L (Abdolmohamad
Sagha etal,, 2022; Zha et al., 2024). dg3mombadbyma
0638968 gd0 0dmggs Lodmamgdsl, Bs8mgzaygbmm
dgdgan 303mmgdes:

H6: gogolb 3Gm3gbde dmabdsmgdgmms RoGoyg-
mmds o@gdom gogmgbsl sbgbl 8sm dgowggmmdom
356dMabgady.

©s39ad0ma J3930L mgmool mebsbdaw, dynco-
39mmdomo gobbmobge BamBmawagblb Ggomaa
9439300 Babs 9@03L (Ajzen, 1991). bszoemm gogHmdob
3M6894L@& 30, Iyngzgmmdboma gs6dMsbzs Imddg-
dmadbdamgdemal Mgomy® dgoggmmobom J3935b
356bobm3MagLb (Abdolmohamad Sagha et al., 2022;
Duarte et al,, 2024). bgbbmExemo o6 3g@0baols 3m-
6894b&3d0, 356g3mb bGednmgdo dmIb3sMgdmal
s gdabs s gdm 06 Mgod(3090L 99omadgdl, Mo,
»930b 3bGog, 8o dgnzgmmdom gobbMobgzadg s
3d98am8 J(3935Pg go3mgbsl sbqblb (Mohammed
Shaed et al. 2015; Damberg et al,, 2024). 33emg39%0 of-
39693L, ®m3 Lozoemm 30dm30 Fqem@nbgbbmEmema
a0dm30mgds 3mdbdamgdgmms ReMormmmdalb o
350069439@0mgdab Bomgdol 3Gm(39Lg3L sdmng@gdl,
(3 VoL 080l semdsmmdsb, Mm3 8ynzgemmdoma
356bDMobgs Mgom® 84nzgmmdom (39390 goMms-
03695 (Duarte et al,, 2024; Ramadhanti et al,, 2024).
Jdgbodsedabaw, dgagodmos Bsdmgaygbmo dgdwmgan
303momgbes:

H7: 8m3b3smgdgmms 8gowggmmdomo gobdme-
b3s o@gdom gogmgbsl sbogbl 8sm 8yoggmmdom
d393°d)-

bgdmm Ro@omgdama mo@go@ncal dodmboem-
30b boggdgger®dy 9308930390 gaegaelb 3mbigs-
Bomma Imwgmo, Gm3gmacs bogoemm gogmdsedo
dmdb3sMgdgmos J3g39dg LgbbmEmma LB odmmgdal
353mg6ob s@bg@b (ab. bob. 1).

3. 43®I30L 3IMMXRXMERMBNO

B0ba8rgdeMy J3mase 9809693 RyRYIGTH
dnamdsl, Hmdgmo(s anemabbdmdl s@bgdymo mgm-
0980b baggdzgmDg 30dmmgbgdal Bsdmysmadgdols
o om0 bBOGELE N0 GgbGMgdolb abom gsws-
8mb35dsb (Malhotra, 2020). 5060360 ogm3gdol
Loggydggmdy Rsdmysmades 33mgzol dadmmgdgdo
(H1-H7), ®m3gmos & gb@nmgds gobbmtzogmas bde-
&ob@ognmMa 3gmmegdals go3mygbgdam. 3nMzgmaon
dmbo(398980L dgacmggdabomgal godmygbgdmmas
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Bababo 1. 33emgz0b 3mb(393@omuMo dmpgemo

D i e P it S i S S |
: LobLmEYYmo |
: Lhodyemgoo :
i I
: 30d7omyM0 N1
] I
: L_H2
| L3gbomo :‘\‘
'
' ' H3 Rofh 5 1185, | yogammdnco | H7 | 3yoeagmmdomo
] | >MOYEMdS
306bfMobgo 913939
: dgbgdomo :—/*
1 1 H4
' |
| ybmbgomo I H5
| |
: 898mb 893Mdbgool
1

Byotim: 538 mMgdo

omEgbmdMngo 33mag30b dgomemo, 39Mdme, dmadb-
3oM939mms 86 39& 0 353m 30mbgs. Hommgbmdmoga
3gomwo s@hge 0d6s 080@m3, Hm3 33emgzal 8nDebos
60(363000 3mMba(398580b Logmdggmbg 3ndmamgbgdals
B9gb@ncgds s (33ma©gdL ImEab bgoB oL ncon
odm30gdnmgdol pemagbs (Malhotra, 2020). 56 39-
&30 8m398:m0 y39me @gdYmgos 3>bmdorros mogg-
80 5 dom0sbo bgomab go8myqbgdom (1=bEHmnsw
56 39mobbdgdo, 2=56 ggmabbdgdn, 3=6gn Moo,
4=39056b3qd0, 5=bogbgdocm 39ms6b3gdo). JgMmARgz0lL
BmBnb obowagbsm asdmygbgdam odbs Krejcie &
Morgan (1970) gm&3gems. gm@3nmoosb godmdwa-
Bofyg dgmhgzolb dobodsmo dmds 33mggzabomgals
d9000a9b6L 601 MHaL3mMbogbd L, Bo(s mdHNbggmymels
95%-056 LobEmmMAsbs s +4%-006 LodabEgl.
3639&0L BabsbBotn Gab@omgds gobbm(30gmms
Lb3MbgbGms (3069 RanRDy, Gob dgmaaems(s
a5dm3mgboemo bamggbgda smBmogbzms s badmeamm
396b0s dobmdMngzo ao3M(39ms. 764 Mgbdmbog-
6@0bogsb domgdama 3mba(3939d0 megmsednMmgzgma
a3mdags Microsoft Excel-3o, bangsbs(s gosdmato b
08 MgL3Mbmgb@Gms 8639@&9d0, MMIgmms Ladomm
a0ob&s (SD) ngm < 0.2. Lydmmmme, dgzo6Ragm
723 563989. 30cgdaym 3mba(39893y Ro@omms bds-
&oLB0gNMa sbaemnba SPSS 31-do s sngm 33emg30b
dmegemo SmartPLS-3o. (3300093 dmEol 303306930l
©oboEagbom s 303mmybgdals Igdmb3gdabomgals
353m3049b9m 3mEgms 0o s Mgamgbogma sbe-
m0Dab 3gomegdo. (330009800 @m0 smbgHe,
dgbodadabo gdmmgdgdo s bystmgda bamdmmaqbo-

0s 1-gem (3bGoendo.

4. 33J300L 3IRJI3I30
QO ROLJILOY

monmggmo bobm8o ©gdamgdol dobgogom
9L3MbEgbG M 3obbgdal smBgFamo LB sGabE NS
(bodmomm 3oR39698mgdn, ab3gMmbos o bGe-
bsm@mmoa gosb@s (SD)) Bacdmmagboemas 3g-2
3bGoedn. yzgme (33eme@obmgol 8mbs3gdgdo Ley-
0o, 33dm@mzgdamoa 3obybgdo o6 ogojboMwe.
Lodgarmm 85R3698madal 56smmabasb asdmdmnbamyg,
©gdmgdgdol 360d369mmdgda dgfygmal 3.13-4.30
©0535bmb30, Bo3 Bogmomgdl 0dsb, Hmd Logemmm
3046Mmdod0 LgbbmE o LB dYmgdal 35dmygbgdals
8085600 Mgbdmbogb@gdo dBmdngMam 3mbodanm
©053mM 300090 gdsl 4o8mba@o396. mozg®m@al 5 do-
006 bgomodyg 3-dg 3g@0 Ladysmm 36ndzbgmmds,
633‘3@36603, 06@36363@()(4)@360, F)mamﬁe 3m-
Bo@oncn &qbogb30s. yzgmodg domamo Ladyomm
35h39690mgd0 godboGgds g9dmb s godysrn®
LbLmEME bB0BnEyddn, brenm Bgagdoom sdarma
3oh3969dmgdo - 439300 s bLIgboo LB dmgddo.

©0b3gMboob sbsmaba 330R39693L, Hm3 3603364-
mdgdo, dofomaa, 1.06-1.48 ©0s35dmbda dgmyg-
™3b, B3 3mba(393580b Lo 3ol 403G MEmdady
89®Y39mgdb. 8g-2 3bGnedo Im(393¢emo ab3gHboab
bodmamm Emby domcmnmgdl 0dsl, Bm3 dmba(3g3gda
960 3mb3Mg@ e 360d369mmdady 3Mb(396@M0My-
B0 3613, 535Lmb, (39 39Me EgdrgdgdL dmEnls
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3bGomo 1. 33magg0l gmbb@wdios

(33o®9d0 3m©gdo Lodm3o gdmadgdo bystim
VIS1 domobnado go8mygbgdamo gggGms 3amma@ G
30D G0 LobEOdM3bm gocgdmb  43bals 7ha et al.
bB0IYrgdo VIS2 Bomobnsdn gobomgds 3Mmme 8 gdL (2024);
(Visual Stimuli/ 808%039mb bl Chen & Lin
vIS) VIS3 3MmEd300b gobmsggds 3oxmsbosdn Rgdmgal (2018)
360d3bgmmgabas
AUD1 domobnsdo Imb3gbamo 3bogs Losdmgbgdal oboggdl Jang & Lee
1L3nb
b8.03 J Og)no(Au- AUD?2 domab0sdo Imb3gbamo 8bogs Bgdlb go66ymadasl (2019);
@). ‘OQS. . sn3wemdalindl Abdolmoha-
ditory Stimuli/ YIXMOI-J 1 Sagha et al
AUD) AUD2 domabnsdo Iqbogolb bIab bodmogMyg asgmygbol sbrgbl ma (Za()gZ;)e ak
Rg3L d303°%9
TAC1 3336d6320, 6383@[)03 %ﬁmcg‘gd@)%a dgbgdoom 300090,
dgbgdals 98b 3982095 895ergbob 2beegbl Karangi & Lowe
1808 30 37 306058 9LbmdsL gobnggd MmN dGqol, MmIgmbacs (2021);
&odgey TAC2 ’
(Tactile Stimuli/ d9dgb23g dgdadgmas dgggbm Silaban et al.
TAC) 893 Bomdo nbgo 36 al, Godmgdl (2023)
TAC3 98983 39b@md0 abgo 3GmEYIGIBL, HmIrgdbag
dgdgbs80g dgdndemns dgggbm
OLF1 domobadn oMmbgdemo by@bgemo 9Magds bagHom
Eeonls a0 93mb
g2mgnmo i Jang & Lee
LEEBymgdo (Ol OLF2 domadndo sMbgdamo by@bgmo Labosdmgbm (2019);
factory Stimuli/ doodgdmomgdslb do@mzggdl Zha et al. (2'024)
OLF) OLF3 Bg8mgal 808bnzgmos abgmo domobos, bowa(s
b5339800L 8OMTdGn naMdbmds
GUS1 Rgdmgab 860d36gmmzob0s, domabasda dgdgbaemo
Jaadogdeb - 8m3BmBls, Brnggbogs Fomsbnsda bbgs@sbbas 3gdmb ]a(‘;gofgL)‘?e
Godgergoo 3OmEad@o bgm8obsbzomadas ’
(Gustatory Zhaetal. (2024)
Stimuli/ GUS) GUS3 Bgdogal 808ba@ggmoas domabagdo, bowsi Lszggdab
d9dgbs80g aag3m3gbgds dgndmgds
ENG1 LyBLmEMmO LB IMmgdoc goxgMgdaym domsbngdda Jang & Lee
4mgxbabol, momgmb, pm LEMsgsew gomdal (2g019).
Rarormmmds !
(Engagement/ ENG2 LgbLmEMma b ndnmgdoo goxgFgdamoa dosmsdaol Abdolmoha-
ENG) 306 98m ©obodoblbmgMgdgm asdmmamgdsl §dbab mad (Sza(,;;;l;)et al.
ENG3 domobaab bybbmEmea bGINmgdo domam
RoGommdal s 3mbo@G & go66ymdal 3043bals
PI1 LyBLmEMmO LB NdYmgdoo goxgHgdama domsboal
a0M93m  3MmmEv @b dgdgbal LG gamlb dodmogfMagdl Abdolmoha-
dyo@ggmmdomo domabnsdo ambgdmmo bgbbmEmemo bB0dmgda Agdl mad Sagha et al.
35b6vMobgo (.Pur- PI2 89o39mmdaom gobbMsbzoby (2022);
chase I;‘Ic;entlon/ ©©yS0mE dmddgrgob Duarte et al.
PI3 doabnsdo Jomgdamo bgbbmEmmo gsdmsamygds Agdl (2024)
390@39mmdon gomsbygzg@nmgdsl  sdmogmgdl
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Bomob0sdn Bomgdamo babosdmzgbm Lgbbmgma
PB1 398m 30030l 3g8ga 3GmEe 8L ndgg bdnmewm
390@yermd
PB2 09y 3o3baol bgbbmEmmo 98ImbygMm dmdbmbl, Rgddn | Ramadhanti et
0339mbyo dgdgbol by gamo ndHEgds al. (2024);
8go@3gmm3omo PB3 39 bdoMo® 34nEYmmd 3Mm©e @& oL nbgm domabagddo,
Ji93o (Purchase bosg bgbbmGyma LB ndnmagdas godmygbgdmmo Dan(g)g;i;t al.
Behavior/ PB) 39 3o 306, oggadombdg 3@ 0 @ogbsmgm abgm Mohamrr;ed
PB4 3omob0gddn, by godmygbgdamoas bybbmEmma Shaed et al.
LE0dYmgdo (2015)
PBS 3omabngddn, baws(s go8mygbgdamos bgbbmEmma
LEE3YmMgdo, yozgs Loodmzbgdsl dobaggdl
PB6 3omoDngddn, baws(s 3o8mygbgdamas bgbbmEmma
LENBYmgdo, yogs 3oMg babosmdyg doygbgdL
g Byotim: 538 mMgdo
céc 3bGoma 2. smbgGomo bGsgob@oags
S
% N ViIS1 VIS 2 VIS 3 AUD 1 AUD 2 AUD 3
(ye)
o 80‘%"8‘2"6@‘“ ] 723 4.02 3.88 3.97 3.47 3.54 3.32
& 309900
g an\?aﬁbno 723 1.16 1.2 1.27 1.14 1.16 1.48
i SD 723 1.08 1.1 1.13 1.07 1.08 1.22
E} N TAC 1 TAC 2 TAC 3 OLF 1 OLF 2 OLF 3
=
S 80‘%‘”8??‘” ) 723 3.72 3.61 3.68 3.75 3.86 3.93
5 399900
g 0b3g@bos 723 1.26 1.24 1.34 1.12 1.11 1.18
E SD 723 1.12 1.11 1.16 1.06 1.05 1.09
E N GUS 1 GUS 2 GUS 3 ENG 1 ENG 2 ENG 3
ool
= 80%;%%;?3‘;0 723 43 427 3.63 3.46 3.6 3.53
©ob3g@mbos 723 1.17 1.06 1.48 1.17 1.13 1.11
SD 723 1.08 1.03 1.22 1.08 1.06 1.05
N PI1 PI 2 P13 PB1 PB 2 PB 3
80%;%%;6@3‘;0 723 3.42 3.51 3.44 3.44 3.39 3.33
©ob3gMmbos 723 1.16 1.06 1.1 1.12 1.19 1.13
SD 723 1.08 1.03 1.05 1.06 1.09 1.06
N PB 4 PB 5
Ladgoram 723 3.13 3.47
35R396989ema ) )
©ob3dg@mbos 723 1.27 1.18
SD 723 1.13 1.09
Byohim: 538 mEgda
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3bGomo 3. 33mg30L g9z 980l Lobommdabs s gomon®mdal LEoGabGags

Items Factor loading AVE Cronbach’s a CR
VIS1 0.885

VIS 2 0.866 0.70015 0.872 0.87456
VIS 3 0.754

AUD 1 0.894

AUD 2 0.945 0.65999 0.817 0.84689
AUD 3 0.536

TAC1 0.786

TAC 2 0.942 0.78462 0.913 0.91569
TAC 3 0.921

OLF1 0.881

OLF 2 0.935 0.80953 0.927 0.92722
OLF 3 0.882

GUS 1 0.908

GUS 2 0.945 0.67133 0.822 0.85359
GUS 3 0.545

ENG 1 0.835

ENG 2 0.913 0.79827 0.921 0.92216
ENG 3 0.929

PI1 0.912

P12 0.926 0.85072 0.945 0.94474
PI3 0.929

PB1 0.814

PB 2 0.851

PB 3 0.850

— 0.799 0.70737 0.935 0.93544
PB 5 0.875

PB 6 0.855

Byotim: og@mcigdo

a56Lbgs3959mn ab3gMbogyma dohggbgdmgdo dns-
6036930, H™M3 BL3mMbogbGms 3sLbgda ghmggsetm-
3060 0655 o 3o6Lbgeggdmoa Jggsbydgdo godbom-
0989, bBObEIMG MM 3o@abMmS yzgmos gdmgdsda
396ygmdlL 1.05-1.13 ©00535Dmb6dn, Moz 39qbododgds
Legoome 33939830 omgdam bm@dsl. 3gMdme,
SD omgmgds dobomgdsw, oy 0.8-1.5 dmomgwdo
396ygmalb (Malhotra, 2020). 85-2 (3bGoemols sbsmabo
Lo 3Bl gamns300dg Fommomgdl s shzgbgdl, Bma
3obybgdo BBy o gfMmagammasbo s@ss. dgbeds-
dobow, Dgos s Jzgos drgmgddg 3603369mmaeba
37639685300 56 odLofgds. 50badbama dgwy-
3920 g0 393am3dn MgaMgbogeo @s b i gagero

3bamndgdal Lobommdal MbEHMbggmymazl.

39-3 3bGom3do Bam3mmagbomans 33mazol gm-
bLE®YJBgdol Lobmmdabs s gomoymdal
80R39693mgd0, 801 M0l mocmmgmmo gdmmgdol
RJGMONm0 o@30MM39d0, sdmEAgzal Ladyomm
0b3gMbos (AVE), 36mbdabal semgzs () o 3md3mboa-
3060 bobmmds (CR). god@mEmmo a@30mmggdo
439 ©qdnmgdsdn 0.536-0056 0.945-30g 3g6ygmaL,
bomm dbmma@o dMogmabmds 0.70-b swgds-
&0, 39MdmE, smaqbor drmzsmb (0.50-b) smgds-
&9ds (Malhotra, 2020). b 30 doymomgdl 085y, H™B
LodMIn EgdMmgdgdo dgbsdadal 3mbLE ]G gdL
Loomobsme sbabagh. 835Lmsb, Igsgdoo @edamns
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Gbﬁoqm 4., b033Q33 G3Q’°Q3u’ dmeGal Jmﬁogoeomﬁo 303'3060
vl VIS AUD TAC OLF GUS ENG PI PB
30@bmbob 1 A485% | 484%* | 639%% | 604** | .554*% | 539%* | 40g**
Jmﬁaqwoeno
VIS 360860003
0dgbgmmds
(n5Blot8ng0) .000 .000 .000 .000 .000 .000 .000
N 723 723 723 723 723 723 723 723
30mbmbob 485%* 1 367* | 510%* | 355% | 450% | .447* | 39g**
Jmﬁ)gqn)@no
L 8603363@0’)60
(n5Blo88ng0) .000 .000 .000 .000 .000 .000 .000
N 723 723 723 723 723 723 723 723
(e
) 30@bmbob A484%* | 367 1 S511%*% | 516%* | .443* | 408* | .372%*
) dmﬁaqro@no
C
@ | TAC o 5 6qmmds
) 3°I® .000 .000 .000 .000 .000 .000 .000
g (m&8b030)
2 N 723 723 723 723 723 723 723 723
& dofbmbols 639%% | 510%* | 511** 1 662%% | 568*%* | 552%% | 5%
% OLF Jmﬁ)ggwogno
2 3603360mmds
7 369
S (n5Blotng0) .000 .000 .000 .000 .000 .000 .000
E N 723 723 723 723 723 723 723 723
S d00bmbob 1 foges | 355w | 5160 | 6627 1 539%% | 505%* | 444
o) Jméggoeoo
g e 8603363@0’)60
E (n5Blo85ng0) .000 .000 .000 .000 .000 .000 .000
Z N 723 723 723 723 723 723 723 723
4]
= 30@bmbob 554%% | 450%* | 443% | 568*%* | 539%* 1 T70% | 667**
dmﬁaqwogno
ENG 3603369mmdo
(m5Blt5ng0) .000 .000 .000 .000 .000 .000 .000
N 723 723 723 723 723 723 723 723
306bmbols 539%* | 447* | 408* | 552% | 505% | 770%** 1 765%*
Jmﬁ)gqro@no
Pl 3609360 mmd
093°d@MOS 1 400 .000 .000 .000 .000 .000 .000
(m&38b0g0)
N 723 723 723 723 723 723 723 723
dofibmbals 498* | 398*% | 372%% | 502%* | 444% | 667 | .765** 1
dmﬁ)g@.}@oo
DL 8608363@(*)250
(n5Blo88ng0) .000 .000 .000 .000 .000 .000 .000
N 723 723 723 723 723 723 723 723
** 3mEgema (300 3609369mm39600 0,01 ombgbdy
Byotim: s3@mMgdo
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AUD3-0b s GUS3-0b ©gdymgdgdol g304@memma
& 300030 (gbodedobow, 0.536 ©s 0.545), od(ze,
dgbadsdabo 3mbb@nddgdaol AVE-b 360d369mmdgdan
3nbamygd @mbgdg HRgds. Lobommbal dgbagabgdmaw
353myq69099m 046 3EMbIsbob sSerg3s 3MgBa(3096@0
5 3m33m o300 Labmmds. nmgemgds, M3 Lodmadn
Loboms, o1 3EMBSbAL semg3als 3603369mmmds 0.60-b
og3s@gds (Malhotra, 2020). 396 8oge Ro@etgdmemas
33e2930b d9gagd8s 5hgghs, Gm3 yggers 33eoraboo-
300 3EMBdsbab semg3ol s CR-0b 8603369mmmdgd0 0.80-
by 89@09, M3 333980 g5dmyqbgdmma badbmIgdol
oo babmmdsdy donmomgdl.

30Mbmbolb gmGgmsoal 3mgxn0gb@gdab
0b6&936M9E (300 3obbmM (309mms Bomgdama bgobws-
& 960b dobgzom, Lo 0.10 nmgmagds bLybGsw,
0.30 badomme s 0.50 ©s g@o dmag 3ogdotow
(Malhotra, 2020). 3ocgdemo dggaqdo sB39693b, M3
(3300098L Mm@l 303306980 3gMygmdlL bbb nwsb
dmog@sdeg, Moz 3om dmnls sGLgdam 860d36gmm-
396 M M0gMHNMdbg Bommnmgdl. 3g-4 (3bGoemdo Bs-
M3mEaqbomos 3mMgms30s bybbmEMyea bGdymadl
(30Dmomo, b3gboma Jgbgdoma, yombgoma, ggdmb
dgacdbgda), Baoemmdab, 8yomggmmdaoc gobbme-
b3bo s 3gnzgmmdoom J3939b dmGob (N=723). yggems
3O gmsas bEe@abEogzycow 360d36gmmzgabos
p<0.01 mbgdy. yzgmody demngta 3ogdoto mogngd-
LoGs Asmammmdabs s 3ynwggmmdnc asbbmsbazsl
dmab (r=0.770), 3goggmmdoo gobdbmsbgabs o
3yo@ggmmdom Ji3g39L dmeab (r=0.765), ygbmbgoma
5 393mb d9a6d6gdsl Immal (r=0.662), 30Dmorme
©5 y4bmbgom Lgadmmgdl dmeal (r=0.639), sgFgmgy
393mb dgacdbgdsl s godgoma®m LG ndmmgdl dm-
ol (r=0.604). Bsmsomo 3mMgmas 30980 dogmocmgdl
36535mbgbLmEMm Jgbodadabmdsba(s. sbggg, Jseama
3M9%80(30968 900 50sLEGNE7dL S-0-R dmogmob em-
30350 bgbbmGYma LG EdYmgdo 36033bgmmzbass
055353306980 R oggeramdsbmsb, Bs@ormmmds 30
3yo@zgmmdac gobbMHobgzoLmab s b 1 35babzbgeoa,
dgnzgmmdom g(3935b0050.

Rggbl 33mggedn 360d36gmmzgsebas bgbbmEmma
LEEBmgdabs s 8mBbIstgdgmms Ramormmmdals
MO 39330600 508 965, Moms 3ob3LsdmzMHmo,
o) Amame 353 gbal sbgbl LybbmMymo aomgdm
dmab3smgdgmms RoMormmmdady. Lygbbm@mma
LEEIYgdol Ao nmmdsdg gogmgbal sbawag-
bo @s Bgdmo Redmysmadgdama Jndmmgdgdal
b33 3039dmom ao8m3z0ygbgo bMggngo Mgamyg-
Logyemo sboemoba (ab. (3bGoeo 5). 35-5 sbGHomowsb
RobL, ™3 Rggb dogm dgdwdseggdamao 1-5 dmwgmagda

SCIENCE /8936036385 %

bobgms [P<0.001, F(319.962)>F (3.84); P<0.001,
F(183.443)>F (3.84); P<0.001, F(175.913)>F (3.84)
P<0.001, F(343.967)>F (3.84); P<0.001,
F(295.065)>Fd6(3.84-)]. 549056 go3m3maboyg, HI,
H2, H3, H4 s H5 303mogbgdo mo@sb@ymmms. dg-
Lodsdabaw, 30D oo bG0dymgdo oydomow
dmd39093L yowgzal 3Gm(3gLdn 8m3b3sMmgdgmos
Roommmdady (0@ gMdabsgnol 3mggongbdo
R?=0.307, 653 080b og80b badyomgdsb gzodmasl,
3 dmdbotgdgmms Ratommmdals 30.7% godm-
B39mmos godmsmaa LG Ednmgdoom, brmm ©sbs-
B g60 sbLbamns Lbgs gog@mMgdom). sbgzg, L3gboma
LBIYmgdo oEgdom 3o3mgbsl obwgbl yowazol
36m(39L30 8mBbIsMgdgmms RsFormmmmdsdg, o3 3o,
30bo 99394&0, 30D b gdmsb dgsmgdom,
Lyb@os (gEgMdabazoal 3mggnngb@o R?=0.203,
o3 085b 60dbagl, Mm8 ImBb3omgdgmms Ramorg-
mdab 20.3% g03mbggmmoas bdgbomon bGdyYmagdoo,
bomm ©sbaRgba - bbge 3o d@mMgdom). yagzal 36m-
39b30 3m3b3>Fgdgmms Bomayemmdadg dgwsmgdoom
bogmgd bgdmgdgmgdsl sbgbl dgbgdaoma bgndmmada
(09 gmMBabs300b 3mgxzo30gb@ R?=0.196, G5 0dsb
6036530, ™8 Im3b3smgdgmms Ramemmdal 19.6%
353mB3g99mos 3gbgdomo bGdMmadom, bernemm obs-
hgb0 - bbgs Bod@mEgdam). 5babndbsgns ob god@o,
Mmd yobmbgomo bEodymmgdo s03mAbos yzgmady
dmogmo 36mabmbomgdawo god@mma hs@rmmmmmds-
LEb Bndotmgdaom (©g@&gFMBnbaz00b 3mggn30gb@
R?=0.323, o3 03sb ggemabbdmdl, Gm3 8mdb3smg-
dgmos hatoyyermmdal 32.3% g08mb3g4mns yombgaomn
LI, brmm aBsMAg6a - Lbgs oG mEgdam).
398mb d9adbgdab LEBmgdds, sbgzg shggbs
LEIBOLEG MM 8603365mmM3560 gogmabs ImbIs-
909mms RsBonmmdadyg (©g@&gfMdnbszoalb 3mggo-
30960 R*=0.290, 65(3 035L ImosdMgdL, Hm8 ggdmb
d9acdbgdab LB dnmagda bLEAL dm3bIsMmgdgmms
Rotoggemmdal goMos(300b 29%-b, beognm ©obamRgbl
- bbgo god@mmgdo).

936090 sBsmnba (3baYMRL, H™AE sdme 30-
©9d9mo (33eme@al, 30dnsmmn®o bgodgmgdal, gBma
9O gmoo asdMEobol ©sdmjngdnma (33emsw@o,
3mdb3omgdgmms Roommmds, 0.559 ghmgnmom
do@mmdl. sbg39, sdmy3ogdgmo (33emonb, bdg-
Boomo LEN3Pmgdab, gMmo ghmgymom 3sdMEabob
053m 300930 (335000, 3m3b3omgdgmms Rotomyy-
mmdd, 0.465 360‘)3‘3@00) 80@‘3@006[). 83-3 Gbﬁm@n-
06 g0dmI@abomy, 5d35Mss, MmMB M 30009390
(33emo00b, gbgdama bGndnmgdab, gMmo ghomgnmom
30DMEabob ©sdmzgomgdamo (33mswn, dmIbdsg-
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3b®omo 5. gogolb 36m39L80 ImBbIsmgdgmms RaGmnmmdady
LgbLbmGBymo bEodnmgdob gogmgbal HgaGgbonmo sbsmodo

3) dmpgmal Ggbandg
dmEgmo R R? Jmfgﬂé((?%f’ﬂ' dgobgdab LG bosGEmo dg3mads
1 .554 0.307 0.306 0.82502
2 450 0.203 0.202 0.88510
3 443 0.196 0.195 0.88880
4 .568 0.323 0.322 0.81567
5 .539 0.290 0.289 0.83506
3) ANOVA
dm@aemo 330@3?:{%360[) DF ;gfggfg; F P
©9acmqbos 217.783 1 217.783 319.962 0.000
1 (3Em3nmgds 490.752 721 0.681
%530 708.535 722
M9acmqbos 143.708 1 143.708 183.443 0.000
2 3EM3nmgds 564.827 721 0.783
®odo 708.535 722
M9acmqbos 138.966 1 138.966 175913 0.000
3 (3EM3nmgds 569.569 721 0.79
®odo 708.535 722
©qacmqbos 228.845 1 228.845 343.967 0.000
4 (3EM3nmgds 479.690 721 0.665
®530 708.535 722
Mgacgbos 205.758 1 205.758 295.065 0.000
5 (3EM3nmgds 502.777 721 0.697
®o30 708.535 722
3) 3maBe30gb®g3e
06bB)0boaM @ ndgdnma LEOBEIMEGNBgdMma
3M9B0E0g6GIS0 3M9B0Eeg6GIS0
dm@gemo T P
B LBObIME Y R
dg(30m3d
1 (3mbLE6Es) 1.317 0.127 10.335 | 0.000
VIS 0.559 0.031 0.554 17.887 | 0.000
) (3mbLBS6Es) 1.931 0.123 15.751 | 0.000
AUD 0.465 0.034 0.450 13.544 | 0.000
3 (3mbLEs6Es) 1.990 0.121 16.478 | 0.000
TAC 0.420 0.032 0.443 13.263 | 0.000
4 (3mbLES6Es) 1.358 0.121 11.229 | 0.000
OLF 0.565 0.030 0.568 18.546 | 0.000
. (3mBLE6E) 1.254 0.136 9.219 | 0.000
GUS 0.560 0.033 0.539 17.177 | 0.000
33m 300gdgmo (33msegda: VIS ; SOU; TAC ; OLF ; GUS; 0sdm 3ngdmmo (33momon: ENG

Byotim: s3@mMgdo
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dgmos Rstoyyemmds, 0.420 gHogmmao 3o@memmdl.
©33m93009dgmo (33mo@ab, yombgoma bEodymyg-
d0b, gmo ghoggmao gobHabsl ©sdmznpgdaemo
(3305000, 3m3b3sMgdgmoms Ratomyymmds, 0.565 gfog-
oo oG mmadb. 8d39 BbL, Hm3 @a8me 3ogdgmo
33mo@ab, aq98mb dgadbgdals bgedmmgdal, gma
9B gmao 3sdMEabal ©sdmgngdamoa (33w,
3mBb3sMgdgmos Romommds, 0.560 gHogmmom
oG ymmab.

dogdaemn 3gmga g0l baggndzgmbg 83 3ofss, imd
LgbbmEmema LGEdMmgdo BomImawggbl Imb3smg-

dgmms RoMormmmdal gm@docgdal g34bosdq68m®
B9JGMML. 3MogbgbbmEma 4o gdm J8bol demng®
99m306 353306, M3 dg8gmddn dm3bdatgdgmms
Ratormmmdals go6s306mdgdl. smbadbyymo ol3zbes
LAY MobbggmMsdas 13magal 3mb3g3@oma&
R®o430796 (SEN " ENG 7 PI " PB) o 0ab@1y6g3L,
8 dm3b3oMgdgmms Ratrmmmds sbfmmgdl dgwo-
330996 Ml bgbbmGma ao3mgbals @s dmabdomg-
dgmos J3939b dmEab (ab. sbGoma 5).

39-6 (3G 030 65R396980s, M3 IMIBISMIgdgmms
Rooggemmds agdom 3o3mgbsl sbgbl dsm 3ynw-
39mmdom 35bbMabzadg. dgbodsdabog, Bggb Bogm
39935393 8g-6 8mwaemo boboms (P<0.001);

SCIENCE /8936036385 %

F(1048.597)>Fdﬁ(3.84-) 5 H6 303mmgbs godsmomes.
835bmab, ©gGgMTnbso300L 3mgBa30g6@&0 R*=0.593.
5J9wsb g98m3nbatyg, dgadmagds gogzom, Gm3 dm-
dbdomgdgmms dyoeggmmdamo gobdMabgals 59,3%
sbbboos yowgol 3Gm3gLdn doma Ramormmmdao,
boemm ©0sbsMhgbo gob3nGmdgdamas bbgs god@m-
9500, Gm3mgdaz Im3989m dmegmdn o6 s6ab
35m35m0bB0bgdmma. Bamammmdal oMol ebosm@o-
Bgdmemo 3mgx0(3096@0 dgowaqgbl 0.776 (P<0.001),
boamem LEGObsMGDgdnma dg@o gmgnoiEngb@o
(B=0.77) 80monmgdl gogemgbab 8smae bodeaggdy.
936 9bmmo sbamnbaEsb go3m3nbatg, sdm jo-
©9d9mo (33ma©0L, Im3b3sMgdgmms RsGormmmdal,
9600 gehnggmom 358 gds ©83m3owgdamoa (33es-
0b, 3ynwggmmdamo gobdbMmsbzal 0,776 ghogmmom
AL 0b393L (ab. sbGHama 6).

M9aMgbomBs 5650 b3s sbgzg baBmaRabs, Hm3
dm3dbdamgdgmms 3ynwzgmmdoma gobdMobgs awy-
doo g3 6ol sbgbl dsm dyogzgmmdam J3935by.
9L 888 30(390L 0dsb, g6 Bogm dgdmdaggdmemoa 3g-7
dmegmo baboms (P<0.001); F(1017.97)>Fdﬁ(3.84-) ©d
H7 303mogbs @a@sb@afos. 535bmsb, 0g@gfdnbs-
(300b 3mggo3096@0 R*=0.585. 54906 358m3rnbamyg,
dg0dmygds 3o dzom, Hm3 dm3bIsmgdgmos dgozgmm-

3bMomo 6.3m8bIsGgdgmms BsGommmdal dgoggmmdom
396bMobgabg gogmgbol HgaGgboymo sbsmado

) dmEgmal Mgdandg
dmEgmo R R? JM63d@0?3- d9539Lg8ab LG SboMEB Mo dg(30m3s
dqemo R
6 770 0.593 0.592 0.63776
3) ANOVA
33900658980l Lodmomm
dm@gemn %30 DF 13506080 F P
M9a69b0s 426.505 1 426.505 1048.597 0.000
6 (300mM30mads 293.259 721 0.407
xoan 719.763 722
3) 398030968930
6L obesMEnbgdnmo LEPbEIMENbgdmn
3 3M9B0(3096H 900 3M9B0(3096H 900
MEHEO T P
B LESbIOE R
dg(300m3s
6 (gmbLES6E) 0.717 0.088 8.157 | 0.000
ENG 0.776 0.024 0.77 32.382 | 0.000
©odmyy300gdgmo (33emowo: ENG ; ©odm jomgdyma (33mowo: PI
Byotim: og@mcigdo
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3bMomo 7. 3goggmmdomo go6DMobgol dgopggmmdom J3935bg gogmgbol Hga@gbommo sbsmadbo
5) dmgmal Ggbondg
2 3m6gJE0eY-
dmEgmo R R 3o R? dggobgdab LEbEIME Mo dg(30mBs
7 .765 0.585 0.585 0.64335
4) ANOVA
3390658930l bodmomm
dm@amo %530 DF 33506080 F P
Mgacgbos 421.341 1 421.341 1017.98 0.000
7 Gcgmaoqvabo 298.422 721 0.414
x50 719.763 722
3) 3maBo309b®gdo
06bBobsMEnbgdnma LEOBIMBbgdMma
3M9B0(30g6G9%0 3M9B0(3096& 950
80’)@3@0 T P
B b@oﬁggoﬁ)@)m@o R
39 (30m3s
; (3mBLES6E) 0.726 0.089 8.168 0.000
PI 0.809 0.025 0.765 31.906 | 0.000
©05dm 30009890 (33mo0: PI; @sdm 309d9mo (33maeo: PB

Byoim: 538 mMgdo

domo J39300L 58.5% sbLboemas domn dyozggmmdoomn
356DMobz0m, beoaemm @ebsmBgba gob3ommdgdaymoas
bbgs @og@mEgdoom. dyngzgmmdaoma gs6dMHsbzal
06L& obEsMBndgdmmn 3mgyn3096@0 dgowagbl
0.809 (P<0.001), beognm bBobomEobgdmmo dgdo
39930309680 (B=0.765) dogmamgdl gogmgbols do-
oo bodmogfgbg. Mgamgbamo sbamabo gz0hg9698L,
3 adme 30gdgemo (33manb, dgoggemmdocmn go-
BBEsbgal gMma ghmgnmam 358 gds sdmznwgdyma
(33o00b, 3gngzgmmdamo 43g30b 0.809 gHognmom
oL 063930 (ab. sbGH0mo 7).

R3gbL 80g® Bo@omgdgmo j3eg30b 8903900 @
393530005 LEONJG PN 356GmMmgdal Imogmob go-
dmygbgdom. sbgmo dmegmo 6oR369300 8g-2 BobodDby.
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B0bodwgdatig 33308 ohz96s, M3 baJotmggmmb
Lagomm gogmmdada bgbbmGyema bEodgmgda dgbe-
3Rbg3 ao3mgbols sbgbl 8mablsmgdgmms J393dg.
£396 30gcm Ro@omgdaymds 33ma358 adabE®s,
m3 LgbbmEmmo LB EIMmgda 360dgbgrmzeb HmEl
SbEmmgdb 8mBbdsmgdgmms J3930L gm®mIamgdsedo.
396dme, domgdymds dggagdds (sbawym, Hmd go-
oo, bL3gbomoa, Igbgdal, yombgomo s gq93mL
d9adbgdabmab s 3ogdomgdammo bBndmmgdo owy-

B00s 9)39330M©gds ImBbomgdgmms Rstrmmmdsl,
M3 gmo(s, 0030b 3bE0g, gogmabsl sbgbl dynwggemm-
3001 306DEBBZ5Dg, 9L 0 39bsL3bgmo 30 3ynzggmmbom
J393bg. 985L36, 33emg30b gFm-gfo dgmgasw gsdmo-
3399 ob, Hm3 gggems bybbmEe b ndMEb Mobsdoma
doos 56 573b. gobbsgnmmgdom demogfa g8394@0 wo-
gogdbofmws yombgom s gobmomam bGndnmgdomsb
80356075800, M3 309900093l 035Dg, MM Logoemm
30¢6md530 3m3bdamgdgmms gdmsonca RsGommm-
b0l gm®3omgdabsmgal, LbmGgo, gb Mo gad@meon
dgodmgds ngmb yzgmadg 95394 00b0. 5cb0d6mo dg-
09380 3093 §PNbgm sLENEJEL FmbabHgdol adals
®mdsbdy, MmB 8m3bdamgdgmos Jigzoma Mgsgos
565 dbmemm Mo(z0mbamu@a dgiobgdom, sGedgw
356093mb 5M5(36mdngMo scddnms(s yormodwgds.
Ro@omgdmemds sbaemabds godmagmabs bge@nbd-
3160 360d369mmagoba 3o3d06Mgd0 (30 39 Lybbm-
e bBodgegdabs s IMBbIsMgdgmmms Rstroeam-
Bab, vaMgmgg o8 3960L369mbs s dynzgmmdom
306bMabzolb ImMol, MmIgma(s, magal dbMag, dyoco-
39mmdom J(3939Dg @0 393mgbal sbogbl. Hgamagbo-
mds 9650 b3s sbgzg esEabEGMMS, MM Lazommm
3046Mmdsdn LgbbmGma LEGIMmadob godmygbgds,
3m3bdamgdgmos RsGmyyemmdal gobadmogigdmac,

demog® 9839d@L 0dergge- 33eg30b BoMaegddo Radmys-
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6obobo 2. LEHNIG RGN 336G mmgdal Bmegmo (3gmaggel Igmgagdolb dobgmgom)

VIS 1

VIS 2

VIS 3

S0uU1

s0uU2

50U 3

TAC1 _»
0.806

TAC2

TAC3

OLF 1
OLF2

OLF 3

GUS 1
GUs 2

GUS 3
Byocim: s3@mMgdo

039870 y39ems 303mmg b aabEmMos, Moz bEm
»bbggMadas S-0-RImegmal mgmGagmen RsmRmbmab.

®gmE0nmo 035mbsdGnboo, 3gmgge Medwgbady
308560y gdam sgsMmnmgdl sGbgdmm moGgMe-
BMsb. gho-gho domsegst bgmamb BomImawagbl
3mBb3sMgdgmoms Rommemmmdol, Hmam (g 3gwos-
BmEmmo 394060D30l, Hmmob osbEycgds Lyb-
Lea@gem b ndegdbe s 39300 Iggagdl dmeab.
S-0-R 3mpgmal gomamgddo osb@mms, Hm3
LgBLMAYa LB EBNmgda gogmgbal sbgbl Im3bds-
1909mms Rsogmmdsdyg, GmImgdoy dgdwmamdda
300 (393000 ©1959(3090b 356LsdOZMOZL. 5606
d9093900 9gMmmMgdl bgbbmEmmaoa o6 3980bg0b
Jgbobgd mo@gFs@ Mol aobznmamgdsewa dobmgdals
368 94b&30 s 338 30(398L bybLmEMmmo oM 3g@0-
6oL doamdol §39J@006mbab.

36g@ognmo mgombsdMaboom, 3gmazelb dgwg-
3900 3603369mmzs6 Mg3mBgbms3098L borogabmdl
Lagamm 3ogemdal 3m3356093L. 8o 39&mmma 53,
dmdbdomgodmoal godmmamgdal gobondgmdgbgd-
50, 1bd ©65MaMb nb@ gaMafgdammo dGagomlgb-
Lo bGHaGgangdo. 306Ls 3gmmgdoo g539J@0sbo
Jdgadmgds agmb ybmbgoma ©s gnbysmada bgndy-
mgdob g58mygbgds. Igbmmmmmo Hgbambgdal dg3-
0b393530, 930658 Lo, B 93mIgbrgdmmos bazommm
3046Omdalb mdogd@gddo bobnsdmgbm s6MIo@gdals
30dmygbgds, m3Godamufn 3sbsmgdobs s GgMoo
3mM3d065(30980b g@hggs, safgmgg aofgdmb abgmo

ENG 1

0936—® ENG2

SCIENCE /8936036385 %

PB1 PB2 PB3 PB4 PBS PB6

SN T

0as7 0.880 0874 0834 0891 ggrg

0.767

Pl

Pl 2

Pl 3

0bsnbal d543bs, Bm3gemas bgmb dgnbymdl 3madb-
3o6909mmd 3M3BMHEL s JorsDnsdn go@omgdyma
MMob gobobaMdemaggdasb.

33930b 860d369mmdal dobgosgsw, dob og3Lb
32033900 dgdearggde. g3mage 98:dbgde gHmL-
LydEONE oBSBL, Mo(3 DMzl Jadyb-dgwgamd-
6030 303306980l bEmmo LodnLbE M oy bsL. dm-
b65(399960 ©o5391dbgdmns M30m030b0bEG MM gdo©
3aobgbgddy, Mo Logom 3gomenmo 8039 dmgdol
0b3b BEob. sbggg, LE3Zgd0s, M3 dogdaen
dgmgagd0 LagoMmggmmb dobatidy bdgzogngnco

8dmRbogLb s Fomon ggbg@amabszos bbgs ymmmE«-
@ge 306@9d@30 dgodagrmb.

LoadmBagamm 33mg39d0 dgadmgds gm 3Mbofogl
Lbgoabbgs Lyd@mALS o 3oblbbzegzgdym ©gdma-
Mogomm xanygddg LybbmEnmae 3o6 3980630l
99839980b dgbbagmsdy, safgmgg dmdbdsmgdgmmes
339329 28 989JG0b 3MdgmgorR0sb 3o3eboY.
sbyggg g3m3gbwadymos g4L3gMGmma ©ods0bab
398myg695s s J394b65dL dmEab Jgmsmgdoma 3gemy-
3900b gobbm& (30gmgds, B (3 3ggaqdab 3omomym-
3ol gosdeng@gdl.

LagForm %5390, 33mmg3 s@ILE ML bbbmGma
303980b6g0b 95399 E006mdb Logotmggemmb bogamm
3046mdob bgJ&mMIo s 360l 3603365mmM356 cgm-

0 5 3M0g¢0 3nm bogndggmb dmadbdsmgdgmos

343930L 1390 goggdabes s 3adbgbob LGS ggommo
35630m8Mg60Lomzgab.
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