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Research on Smart Education Model Based on Mixed Online and Offline
Methods

XU An—feng',LI Bin?, LI Yue?

(1.School of Tourism, Hainan Tropical Ocean College;
2.School of Economics and Management, Harbin University of Science and Technology)

Abstract: Against the backdrop of the rapid development of the digital economy, Al has promoted the deepening
of educational informatization, and the sman education model has gradually matured and been widely applied in various
fields. Smart education not only includes the digital upgrade of traditional teaching methods, but also an innovative form
of education that integrates advanced technology. By deep integrating the online and offline aspects of the smart
education model, we can encourage students to fully participate and improve leaming outcomes. For the application
methods of smant education model, it is necessary 1o deepen their application from such four aspects as concept
integration, blended teaching, integrated course design, and real-vinual interaction. The healthy operation of the smart
education model should be guided by the value orientation of the curriculum ideological and political education, with
collaborative education as the development goal of the smart education model, digital intelligence as the technical
support for the operation of the model, and the use of various policies to ensure the barrier—free operation of the model.

Key words: sman education; mix online and offline; personalization; self-adaptability; smart education model
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B EARME WG 7 KA RS AR L LR Jr, SRR A T LIRS AR A P o . BEMB A ) . FF
SEERUH T . KSR N AR AT .

TN IS NEDRE, FARREEN THAMAT, RS ESINIERER R
TR A IR AINE ., TR (2005) Uil T e SRS IER NG, AR Al i S J o Ak P Bk
TA N ANEEZE, BEEA R FANAKT, EIGEEAE WS, W EE G, MR ER
MPLE, RREGAES, HEEELE. RNESEA—HETROBHI—RELG SIS Sk REEH
E A [E S e PO ol 1 g ) 0 o b L R O e R A A D A A = S0 = 7 - O o 7 1 e
BHOREDEE MR CEHAE, MO N Rkt Em A kR ( EReEmREk,
20100 ) o s ARG A E SRR TR IE B ORISR FEAN IR T AN I . B L pLims
HE, LGERBHE RN RS GBI MINRIREL RS ICACE, S A s TS, &Rl
FERAIEME], FFANBIR BT T o % R A IEIERE, SR SRS AR UE R T B BE P i3, i
AT ) A TP LI B R, SCILIAT SRR e B R AR M AR I 0 . R R e (R,
20107

X AT ST [ P S I AT TR B, I B AR A S S A TR, A2 SR ) Al
B SANB A H E R RS EE SR, RIEE SRy . ARHE v LB R i R b, B A
e NS IO TEB, I SN E A T, Hmh Al SRR T, BRI & A SR
EH.

fEt, AT G RAeAE “UACC” SHEEHm T, MERMFRAES IR fpaett kg, 21
—ERGNFAE AN R e, titk, ASCIRIE I ZH AU L R LD RE D BRIE, Al AR
LSRN PR RR IR S R WA PR BT ST , RPE A Rl 25 A S A (9 A TR

24 BEBER

241 SRS AMFRFEEV LI EARY

FEF Pl AL, Ak RE A EE . Al BERREE . D STSIR TR S Ak SN EE AT 4
Bl FLARE SR B AR Al B B S SRS B R B S N A B . 2 BB A (2021) PRTAGHRTSE
FW, Al NS EE ST MBORAREL, n WL, SNBSS A5 FXECE A A 25 A R A i ]
H TN,

LA R BRI 22 RN, i O RT3 A 3 T LAy E B R e £
Weber 1 Slywotzky (2011) " 5174 B4l A0 28 S JR A TE ACRUAE , FEASREMLAL ALK . MR S & L
IFIZ P B AAHHESE , BOF HAT 51 AR PR3 A S BT . B W ZoRY i A A HE AR R
Al P AR LA I, B KT RMEL . b hn, BEARRCH TR0 S 1 %, 8% B C 0S40 0 s | RE.
BLEERLK RS T8 . SR, MRS, X R HEER 6 A AR R &5 0 B = AR, [R5
& AT el B An Y, R R AT E , Al B TE AT fr i, AT, BT A Al
il 2 AL T e w4 FEA A AN S WU SR 7 A R AR AN, AR e
B ZE AR BIE R o BT 5 A Ml W B A A 4 00 T 22 3 P B A R S it . APk R IR RN B Ay 2k
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FTARECRFI ), SF R GR i Y A H (L RUFI A ( Barney %5, 2011 9%, Fang fI Kim, 2018'%1) | F&4
W HAMES T &S5 EFBETR—ES, P RETEZohi ™S MRS, N eE ek tasy
FHTE TR T AT & 2k 45 B 40 1 4% 543 ( Tavalaei Fl Cennamo, 2020'%0) , 223 15 B 25( 2021 )17
PEHOE G 0 TAMER R, AR T &I A AL O 8, ERAEN T GRS 2 S0, ik, AR SCH LU
T,

B H1: SMEIRET S L5 M RHE lE - 6 R A 25 A U034 B 1E ) 5

{Bi5 Hila. TidmamsrpLil 4 B T80 F & Bk 22 A 00T i

(B Hib. -5 A ST AMER B THF & RS ER & R .

242 AFRASTFRAFEFFEALLEZLSALY

Al B A R & R RS A R — 2, il bR RO R AR IR B AN Al
BEEMEE S, KIRMESS (2021) PV WS, ARSIk, ek N EBEE S GRS Al 25 A TR HIE
WREERE,

Teece 25 (2007) 21N, Al Bl a0HE A slH: Al B 1 RS H A B AR fE S — R
A, B ARGIEENE . O AR R MSEHAR, H—REFHEASMEATERE., KR, siHEUR
WIS, FERCF AR, 6 Rl 7= 0 AT AT R A T — R 9IRS & Bl . AMULAE
T B Al AE3E 5 FFE = EARAH AT () TR, AR — R A SV A R, ROV E A
- G A (E B A AR SE AR

LTS (2019) P WEFE W], F& R E A R S  E R A P, R R 8
T S N1 07 e s a0t SO 75 8 o B L1 4510 200 £ 7= SO T 1 =0 (S 9 (G TA N1 B 78 a1 L N O
W2, B B A A S wT LA b sE e, iR R . BET AR TEE RS
gt , SN PLRRS B A Sy, AR R AT S, IWITHOR . PR MR, Pl
I 15 S

ST (2019) DMK, HEE RIS R AR SR R E B, 5 AR A IR I S AL
E2Sr IO (/B0 e 2 o B B A=A 3 W'l L 1 i -8 (2 IS DR BU g d e LU X JE A RPN W
BRI . IR (2020) DTS B IEAL FEIA M SR g, TERT A8
WS RTRUH PSR IS e B AR g A T g L e £ R ST I A TR EE A (0, R,
ASCEE I AT Bk

fis H2: PERRE )5 VE IR RHE iU & A 25 B UL 3 B IE 1) 5200

B H2a. B AH B TR & Al 25 A IR T k.

{Bs H2b. -5 S dems A7 B T & Bl 25 A RS e Al

{5 H2e. #2459 B TR & B SR A RS T il

243 AL TRAMEHE

VA Teece {2 (0B 27 IR A DA 7 5 Aisalle POl B0 . 1 AR S8 2 Al 3R A 58 R 3
FORIEZ —, FEMEFRRZ L Mg, %GRS RSSO = A M2 3%, WS £
&Y, EE AR MR R, SR R0 PR &, B R 28 R4 e A
1 Cab TR FEABTE NS 1295 2l N5 s/ Y T 1 N 5 A 5 A G = o7 <3

Bresnahan il Greenstein (2014 ) "1 R FBHALY T T P RAEEE, ARV T 6 5
P R, HHET CMEEL T AEPIES R, Kude A (2019) PUBFSR M & RIKIG
HFHAR A i AP RIS SRS TTES ), HEA 2000 50 F RGN P R OCHRRRTE . 78 LA
FiZ b, Melville fl Kohli (2019) " A ¥-BoAR e 11 g i sh T & 40l Her e IR AL 18 . (3R
SRR, A RO B IR AR, UL BB B BT s B U S B A R TR T, R
(2021) "BV B R SR REE AR A BRI AT TR . RS, EEARAENE, ST
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PB4 W IR EALRE T .

Armstrong Fl Wright (2004 ) "™ XbSF & G iy FR 4 08 HEA TGS 230, 7 G % — i HT P B2 B 5 09—
LI PR AR 28 L EE SRR KV 3, Ak A T b R 5 1A 900 5 i P 8 A0, s . S
B A AIARZE (2020) V%7 JREERFSAIESS T WF & 52 M BF 52 0 S B T RO28 A0

S (2015) U P AT AR, A SRR I SRS MRS TR 4, A NS
28 B TT LA Gl as . SRaribss (2019) UM ISSERRGY, EBUEN BIEF SR, %
ETEE DS 5%, S50 LGEE SR )77 4 BRI R0, SR RBESE (2021) 7 fRTs
WAESE T, B 6 R A LA AE R 4 AU OGP, e8P sl i T I B O s S e,
MR- 6 58 5 it MY HeARloR . i, A SCER I T Bk

{5 H3: PR RE -5 B0 P45 80 = A 1 [ 0]

1B H3a: HCEHAA B TR 45800 0974 .

{5 H3b: V-5 5E i SR AT B T I ZM A0 02 o

{B5 H3c: #1238 W& A Bl T 90 45800 724

244 SPERIOEL LM AL EA R R

TR R REF AR R, Bl it 2800 0 p= A A KR Ak 3 4 1y, edn sy 4
BT HLRIROHESE , AT RIP R e THERR I, TSR T HL P G R, Rl R 408 20z SR g
K Nl TGl 55 5#F T8I, RS AGE SN T AMERTHE G e i Re s, [ R
efk, WATFEERMME, WIIEELH P, P RTRMMBZT .

Fang Fl Kim (2018 ) "' L& Tavalaei fl Cennamo (2020) VU4, EE&BES5E, BRIEE40
HAME, BTG AP IR EETE ety ek %, AWM G RGN, F & X BT
ST E AN G, ERER T G Al IR L AN RE 3R TE, B A0 R R,

Rong % (2019) 7 Ay 0ty i3 3 4 A MR — R (35 5, sBid 2 RAGSE D, FOVFRUT
A, EAERIE LM S5, T A1 2 A R0 7k o 7R BT ST SRl -, Jeli%E (2019 ) B
ARG SE R8O AE T 6 N 2 P B 2 A s i, 7 i+ b2 R 28 2007 BT 7 2 (R 0 B 3R
s d)o R, ASCRININT R

{5 He s B B S MBERET 55 45 0 28 R0 7= A 1 ) 5200

B Haa: -6 A28 HAMAEA Bl FRER 0N 1A o

fEisz Hab: i an s AL A Bl T R AN =24

245 REHERETFFEELLELSEY

iR (2010 ) VTS R IR 5000 BN -4 S R TU RIS W N 32, A SRR O & By 4 T
JREEIFFER, EikH (2019) UPUOAK, RERRUR RER T & RIESTE AR — AR, (LR TR
W I OCHER R, O 6 PER UM SR A BRI 55 A A (H 22 BEHEHT P 8o g g g fin . % & ReA TE 1) S it
TEH, PG R 28 RO Y b 25 FLA 2B ) o e B B 0 A DE 3 B (i 2 ok A R B T &
Bl A i, MIMTSRASREATES 7)o PRI, ASSCER I AN T R

{5 HS : P28 RN ATHCT T 5 Bl 25 A DR 3T B S e,

B Ho: P AESMRIRSE G450 . P EUT IR 5 AE D A7 & Bk 2 IR = e b A AR

FEFUL BB, AR A ENEHERR IR 1 R,
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A EBRE ) 5 R

T4 s R ‘
FETES
HaRH

H2(+)

H3(+) R
Héi+) %

| M MEEame Firtrs-
: =) L (RN
[EESvim N %7 SUATHE

PR 4

FaESHIME
e H b ‘

Hd(+)

H1(+)
B ARSI FEHESR

3 HRAESHBERE

3.1 BrRFESHARE

AWEFTIE T TR K R ) AR B, IR L AS B AE R (SEM) AT MG B R 3. KER
Churchill (1979) " XU Fil 00T K, FSEIEi 80 44 V% e A B AT 4 A RUEMI S, Sk
RS, )R N,

AR R R el ] 330 fr, s Aoy sl B RO 1 O TR L i AT R
R NECET- AR, LB R G AT E A ll A R A | WSl R 137 LA B il 3 T SO A A
T OB R, DT AR SR SRR RS, RS — 3 302 fiy, TERUNIAE 28 . HAURER
91.5%, FILIHEITHE AT . R, R vadE 7 s b2l AT iant, 43 0-L 220G, %A,
R . RS . —EE . FE. RS, EWERE, DG iRkt

AWM “F" RS T I (2010) P00 EBiE (2019) DUSETSE, R 5
R RN T B R SR A IR DG T LR “IRER R0 2 5 Al 25 A 38 i i OG
MER SEW;  CWEEERMEEARR R LR (2005) L R (2010) B
[ E0 S T4 TR DR s VB 7 B TR U b L S A 1 o T A L < 0 s 1 £ .
b2 R4 X sl £ A A A0 R R AR A R S AR VR A R AR R A M A TR
(2020) “PTRYREEE, MRS CTIE R BT AR R TR AN LA CE A HEARTEN R R
AR A TR FMW ;R il BB AR S (2019) PV mRR,
MRS “HEeRSEAEMTRSIEZMA A2 5" DL i hdl i A8 R Rt
SERETE . CEEEN ARG AR A A b i A AARAS (2020 ) DT pORESE, DRSS 5T
BOEMRIE A BT B3 0" S0, TV AEBEAME MR RS (2021) BT
HYREFE, W IR & 2 A T R RS4RI F P B ™ AT, AN P PN G
AHABETTTE, ISR M R R IR R R £ RS A BR T CEREVE T DA RS T S A A ik
Al ST S R AR HE AL Rl AR,

3.2 fEEESH

321 fEELH#

AR AR BTA R PSR R IR B, X B ARSI T TR, (RGN ER 1 Frn ke et
B, FHEM . BorAR . HaRmgs . FEESEAME TSN A HLHIAT Cronbach” s o« FRETHI
70890, 0.874, 0.816, 0.901, 0.842, 0.910 F10.899, HPFH—HEFE L ( Cronbach’ s o ) KTF0.76, #
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0] A R (A P — B R T e
#RREERR

A fit ) Cronbach” s o RH
PPS 3 0.890
DE 4 0.874
SN 3 0.816
PEC 4 0.901
MSM 3 0.842
NE 6 0910
DECA 6 0.899
ik: PPS RAT- G MRS DE BT HA: SN Fontb a4 PEC R T SRS 4ME . MSM FRTlT 540 0L : DECA Fm¥F
BRI
322 MBS

SR ) A TRV T A I R bR, (I A R R B B AT A RO R R, [l AS R PSR
MR, DAERFATIAR, RUE 4y N RO PRSI PR . A SR A AMOS23.0 TSR TEMEE T8, %ot
F A P RS AT I

ASSOH BRI A D RE DR TR B, AR 2 Fiias,  x 2/df A9E 2 1.675, /T 3; RMSEA HY{H R 0.047,
/NF 0.08; IFI. CFI. NFI, TLI (984514 0.957. 0957, 0.901. 0950, ¥&T 09, HANESEREMHE
SEACHRUE, HUETTAL, T HSCI A T A2 =2 P, A b 2 ] DX AR A

#2 PRBRIEELS R

i ct bR VA BT B SEAIER
x4 AN I3 ARG TH ) 1-5 1675 i
RMSEA MRV OB, — A RRMSEA<0.08 0.047 2
NFI AR AR, AR A INFI>0.9 0.901 it
CF1 T VAT, SlRIA FCFI>0.9 0.957 2
TLI AT LRF, Sl RN TL>09 0.950 o
IFI T VBT, S8R A AIF1>0.9 0.957 i

BEE ( Convergent validity ) ULFR ARSI, BIAS A1 7 2R A A IRVEROE A0 2 rh SR A e —il,
SRR RIS AROE, FEXHE RTINS , G BB b TR R A, AR T R 3
i e B5REN. FraaraE 7 EZEEAT 0.5, AVE f CR IHEIKT 0.7, B EMER ., Bordik,
HemMygs . FaEBEAME, TIHMATUR . FAEEY . BT AL A R8T (convergent
validity ) BAH, (5 A BB 4 45 T Sk eh .
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F#3 BRUEHER T oA

At L] GRS 40 AVE CR

PPs1 0.860

PPS PPS2 0873 0.734 0.892
PPS3 0.837
DE1 0.885
DE2 0.706

DE 0.636 0.874
DE3 0.779
DE4 0.809
SNI1 0.948

SN SN2 0.681 0.645 0.842
SN3 0.757
PEC1 0.838
PEC2 0851

PEC 0.698 0902
PEC3 0.789
PEC4 0.861
MSM1 0.740

MSM MSM2 0819 0.646 0.845
MSM3 0.849
SN1 0.864
SN2 0.870
SN3 0.890

SN 0.635 0911
SN4 0611
SN3 0.845
SN6 0.652
DECAL 0.763
DECA2 0.853
DECA3 0.820

DECA 0.601 0.900
DECA4 0.718
DECAS 0.744
DECA6 0.744
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33 AREMSH
HiFE 4 mH, FREMRR . SRR R EAEEEAME, TAAN LR . L% S ¥
FEERM SRz L EA B K (P <001) , B, #EEEHEERVNT AVE B R,
RPN 0.6, VIR BRI TE—EARSCHER X 2P E, R TER R B 9 DX 2 2808 R A
724 Pearson MOCHIFE (n=302)

PPS DE SN PEC MSM NE DECA

PPS 0.857

DE 0.374%* 0.797

SN 0.237%* 0.315%#* 0.803

PEC 0.319%* 0,489 0.208:%* 0835

MSM 0231** 0.357%* 0.137%* 0.367%* 0.804

NE 0.463** 0.556%* 0.367** 0.477%* 0.375%= 0.797
DECA 0.492%* 0.59%* 0.377+* 0.527%* 0.408** 0.565%* 0.775

H: *FRP <005, TR P < 001, *+ TR p < 0.001, MALFEREER AVE H{E,
4 HESERIERIE

ABFFEH Amos 24 FAFEIEN LI (L, MK 4 RABRIBIE I, A SO BB R AR IS
BCTEFRIN S5 HBsAR b, DE— W T F A A I a2 ) A PE A R A, AR LSRN 2 gk 5

FiiR o
1 1 1
Sz 163 I os

2
©

2 e
@ s ] M )

L NS
= /"¥.
@ @ X
0 // l‘ TR @
< LA <
€1 1 \‘ ' _@

L —)
O— ] )"/
5 ‘.”/’
O— - //

1
& ] /
S

H2 EERRE
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5 R RIOHITE R

KR ol 2 R B T Pfi Ry
PPS—DECA 0213 3.778 s W
DE—DECA 0258 3.923 i BT
SN—DECA 0121 2.329 0.020 WS
PEC—DECA 0.180 2.983 0.003 TS
MSM-—+DECA 0.130 2326 0.02 WS

PPS—NE 0234 4.173 wex W

DE—NE 0292 4.508 ok HESE

SN—NE 0.152 2.860 0.004 WS

PEC—NE 0.165 2,686 0.007 ST

MSM—NE 0.135 2.365 0.018 LAY
NE—DECA 0.144 2.186 0.029 %

2 5 AT EaEm g . B, amg . FaAETAME, T PR S B A
LE ot bR AL R Z RS9 0213, 0258, 0.121, 0.180, 0.130, H P {H&V/NTF 0.05, BIHEGEH
WG BTEAR . SR EEAEETAME . TSP SRS B SRS RRAE, IR
BEMIEFERIE SR, % Hla~Hlc DI H2a~H2b {57 ; FAEMFRE, Bk, oM, FE4E
BAME. A L A ROV R A AR AR R 0.234, 0292, 0152, 0.165. 0.135, H.P i/
F 005, RHFEENTR ., BrdA, thamgs . FEESTAME, T aoUH S M e, 2
P S5 A OF IR OE R, % H3a~H3c. Hda~H4b nior; FEERUS A RCF T & R AL 2 & 3 b etk
BRER K 0144, H P H/NT 0.05, AR AN S TG AL LR A L 3HIDE, FF R B0 5350 IE m
SMOCHR, B HS 0.

AHFSE M IT Bootstrap A4S T T RIZEUN BT/ VEM , $I0E5 RN B, xR EIRBEHLR 5 IR,
312000 ¥k, I 95% BRG], AR IO BRHEE BOE (5 DX Rl Ak 6 f R,

# 6 BRI SR

95% i1 T X 1]
BEAR [BIER A

iHH T

PPS—NE—DECA 0.034 0.003 0.085
DE—NE—DECA 0.042 0.004 0.100
SN—NE—DECA 0.022 0.002 0.062
PEC—NE—DECA 0.024 0.001 0.075
MSM—NE—DECA 0.019 0.001 0.058

2 6 B, FZEEUNTEF G2 Mot BordiiR | Mg, F AT RMEL B a 0 4L 5 %
FEFEEBRGEXRFZ PN BRES S 0.034, 0042, 0022, 0.024, 0019, AT WL, REHNETEE
frsfems . BeEEAR . e FEAEETAME . TR S ECEE S R g S IO B PR e A
1R, B, &% He mr.
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5 HZit5RE

AWFFEIET I WSS LD RE I BE, 8 T 8P A2 S URIE i R . 2 B (i
ZEVRAIRL BRI 2 IRl T P UL SR AT T 1, SR T B Bl 25 A IR B A % B i [
FIPHR AR, PR ) R 2 K ANES Ky REAS R I A o G eM, TiTdAEfi . ks b LI |

ih2xgs | BT AR LUBCTE G AR AR AME SRS BT & B Al 25 A ORI i = A B AE R 5, LI
SRSV AE AT S T BB A A 2R A S b B P A
51 BFR&E#

H—, WEFEEMVEARSNIERZZEREZNEN, ETLASEES ML OREhEE, 4
SCaE X AT ARIRN 302 (A AL RIS A BB PE TSGR PT, R AT LK S B T 5 Al R 5 (R
FH A PR 2R g SR BT S S5 H R PO RBHE S0 IR A T

B, SET A SUENE, ANEIREIXOE &R R e R, XTI e A R TR T
eSS ETHLORE NS, AR PRI . $AR SHE R Al A S T 3 E R
—o FfHh, 7T GANBIEL SE T, AL S T & AR S AME R RO G R T A
ek PEMIEREEN ; A HERRE D SYIRIAIEIL R, BUFEAR . V&8 1 g LA SR E 2 45 1E [ i
BTG R SR B A T o

W=, BESEFERTFENTEEAS, R AR RN 7=, I RIS 4 R
6. WREK TR0 T, A B R efr s 128 7= T B S B RO | I o o pl A R 7 B A
2% SCUEMFISINEE R R, R BN AL (R A & B SR A U3 3, I E i v pii
ORLE, iR, BTG Al ANEER R Y SRR ) B i RSN B T, BRI A

52 ERFTHRESFERFT

ARIFFE YA T OO 9 PE L, 3F BAhe T ey F 6 B S IR B RS N E RS B
AR T BT GRS S S N EHLEE , 128 S8 - B RES - L5 8 IR — DRERHERR
A T T S8 S R T AL, LI 0 il s A AT JE g v F sk 2 i, ASCE
SREFE T AR, B TSRS RERE AN ZE, A R S A SR A S R D 2 A T
L, RO G A AR R T G ) A B R, OB & Al R R B — R S &
=8

BT Ak FE LA IR B A A A & P07 SR 2R LT, Wi & O3 B il ik s 45 1
WIZEME RIS, K, SRR B B A AR FRAE, 8T & R SR S I I i sp A
YRR, B, BE R KMGERLE S e R i e, )5, B Ta il 255 Al i sy
PRRSRES . BhRALANEERREE SE5H, IEVEIRRCE, MRS AR .

53 HAFRRL5REZ

AT SR SR A R M PITERLELAEAT TRETE . X & Al s i FciE A —E LR S
B, HAERFSE PR — BN I SRR A R R A IR R I %, S S HE
ZHEMRHEZE, FTaESREER D, FEERELD e SR ECE RSB T AL S S T
FEAREE (RIS, FEXF PRI B R TR, SRR R R TS . ISR R R
BHAE, T SHAR B2 68 0 AN RS A B AE A T G L S IR T, Rk I &
K HZEBINETT, Tt HE 2 FE R HFF ) SRR BRI R P 3 b, ASSCR SR I8 T4 3 B - &
AT A, ERGR, BT T G A BT, R E RS, Ak E
il BT % B9 7 LB SR PR 5 A 25 I3 BT UL AT e — AR O IR SE, Bl LA B A Ok 2Tl
F & MRl RS T AR e AR e R,
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Analysis on the Influencing Mechanism and Core Competency of Digital Platform Enterprises
XU An-feng, CHEN Ji-ming, LI Yue

Abstract: Under the background of digital economy, platform-based enterprises have shown the development trend of fierce
competition to cope with the current “ UACC “ management environment. More and more platform enterprises begin to seek
ways to obtain sustainable competitive advantage. This paper, guided by the strategic management theory of enterprise’s
comprehensive advantages and taking the antecedents and mechanism of the formation of comprehensive advantages as a
scientific problem, conducts an empirical study using SEM. It is found that market segmentation mechanism, platform pricing
strategy, social network, digital technology and ecological complementarity of platforms would have a positive impact on the
formation of digital platform-based enterprises’ comprehensive advantages, and the network effect plays a mediating effect
in the formation of digital platform-based enterprises’ comprehensive advantages.

Keywords: the network effect; platform enterprise; comprehensive advantages of enterprises
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ARTICLEINFO ABSTRACT

Keywords: There have been unprecedented efforts from various countries to address the precarious condition of the envi-
Environmental sustainability ronment. Despite the efforts, there have been very insignificant results as natural calamities continue to rise and
Fintech cause severe destruction all around the world, from China to all the way to Australia. This study used an MMQR
:six:;:;resources to identify the impact of Fintech (FNT), Natural Resources (NTR) and Tourism (TOR) on Environmental Sus-
MMOR tainability (ENS)in top tourist destination countries, including China, Japan, Australia etc. The results indicate

that the FNT can address the rising environmental problems, while using NTR and TOR would increase pollution
and negatively affect the ENS. Tourist activity can help boost foreign reserves but result in increased CO2

issil The study reco ds the use of CO2 emission standards for the TOR industry to ensure that firms
within the hospitality industry are forced to shift towards sustainable practices. The use of sustainable practices
must be seen as an attractive proposition over unsustainable differentiation over its rivals in the hospitality
market. Furthermore, FNT can be used to finance green tourism projects to attain sustainable economic growth in

the long run.

1. Introduction

There has been an intense focus on the emissions and pollution
related to industrial activity. Governments all around the world are
focusing on the development of renewable energy to ensure that there is
areduction of greenhouse gases. Industries are being levied with carbon
tax and carbon emission limits to tackle the environmental crisis which
is engulfing the world. The example of Inflation Reduction Act in the
USA is an ideal example of different legislation being used to promote
the use of renewable energy and reduce dependence on fossil fuels
(Rajagopalan and Landrigan, 2023). There has been serious develop-
ment from China, which is widely regarded as one of the top contribu-
tors towards CO2 emissions all around the world, to tackle
environmental damage. The efforts include increased use of renewable
energy, development of green cities and a host of other initiatives (Orru
et al.,, 2017).

Despite efforts from different countries, the environmental calam-
ities due to global warming continue to mount all around the world (You
and &Kakinaka, 2021). The recent floods in Libya resulted in more than

* Corresponding author.

11000 deaths, with human bodies seen shoring up on oceans. There is
widespread concern about the spread of other water-related diseases,
which can affect hundreds and thousands of people in the country
(Michaelson, 2023; Ali et al., 2022; Esmaeil et al., 2020; Arfaoui and
Yousaf, 2022). Similarly, the floods in the southern hemisphere of
Australia also resulted in an insurance payout of more than $6 billion to
cover the damage of floods in Queensland and New South Wales (Han-
nam & correspondent, 2023). In addition, the earthquake in Morocco
caused severe devastation across the country. The calamity resulted in
the death of more than 2000 people, and the damage to homes and
shelters resulted in families spending their lives under open skies
(Eljechtimi, 2023). The biggest implications of the environmental
problems are not region-centric but are affecting the whole world. All
countries, irrespective of their location, are being harmed due to the
falling standards of ENS, and it is high time that the issue is addressed for
the good of mankind and future generations.

Countries all around the world are focusing on increasing their
economic growth, which helps to bankroll their development in their
economy (Malik et al., 2019). The increase in money supply in the form
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of increased investments would result in enhanced commercial activity.
This improves the productivity of the company. The rise in the pro-
duction levels results in a rise in the level of pollution (Yan et al., 2022;
Ramzan, 2021; Dilanchiev and Taktakishvili, 2021; Saungweme and
Odhiambo, 2021; Gohar et al., 2022; Adebayo et al., 2022). Production
increase is coupled with increased consumption levels, which increases
the pollution levels. GDP growth can have a detrimental impact on the
ENS level of a country. Governments all around the world are looking for
ways to tackle the environmental issues related to economic growth and
maintain economic harmony. There is a strong need to develop a
mechanism that can help maintain overall economic growth and ensure
that it does not have an everlasting effect on the environment. Due to the
importance of economic development for a country, there must be a
mechanism to help develop the economy and ensure that ENS is ach-
ieved (Zeng and Zhou, 2021).

TOR is often seen as a saviour for the development of the economy in
many countries. The arrival of foreign tourists from all around the world
helps to have a positive impact on the economy, as Fig. 1 suggests the
rise in the level of TOR. The hospitality sector can help to reinvigorate
the economy through the arrival of tourists. Providing services to tour-
ists helps improve employment levels in the economy and raises gov-
ernment consumption levels and taxes for the government (Xiong et al.,
2022; Tiwari et al., 2021; Ali et al., 2022; Noman et al., 2023; McAleer,
2021; Naqvi et al., 2022; Yang et al., 2022; Yildiz et al., 2023). All these
directly benefit the government coffers, which can then be used for the
development of infrastructure and grow the economy in the long run.
The economic benefits of TOR are numerous, and governments all
around the world are investing in promoting tourism through various
mechanisms, including destination marketing and even sponsoring the
destinations to promote the overall tourism sector of the economy
(Adebayo et al., 2022a,b).

In the quest for the development of the economy, governments all
around the world are trying to attain financial growth. The financial
growth results in firms allowing greater money supply in the economy.
The rise in the money supply means increased investments, which
eventually results in enhanced production and consumption (Al Ham-
madi and &Nobanee, 2019). The cost of increasing the economic output
of the economy results in serious environmental damage related to
production and consumption as the people have a greater amount of
funds to spend. However, the ill effects of financial growth can be
mitigated through the efficient use of FNT in an economy (Lv, et al.,
2019; Li, et al., 2021; Rjoub et al, 2021; Yang et al., 2022; Ly, et al,,
2022; Nguyen et al., 2021; AwosusiLiu et al., 2023). Using technological
advancements to channel the funds for green growth and investment can
be one of the key ways the ENS can be achieved in an economy. The use

Resources Policy 89 (2024) 104670

of blockchain, AL and IOT can be game changers in the banking industry
regarding financial services and inclusion. FNT advances to fuel sus-
tainable growth can be one of the best ways an economy can reduce its
CO2 emission levels and achieve greater sustainability in the long run
(Chueca Vergara &FerruzAgudo, 2021).

The use and extraction of NTR can be considered as one of the root
causes of pollution and rising levels of greenhouse gases. The use of
fossil fuels to generate power for running factories and the fuel used by
vehicles for the transportation of goods and people all lead to a rise in a
tremendous amount of harmful gases, which would have a detrimental
impact on the ENS levels of countries (Arslan et al., 2022). For the case
of top tourist destinations, the extraction and use of NTRs becomes an
even more acute problem as the tourist activity would lead to exhaustion
of NTR. The arrival of tourists would also lead to increased levels of
consumption, which could then lead to greater waste, too. Thus, the
rivers and oceans, which are an integral part of NTR, would also be
affected severely. The problem becomes even more complicated when
NTR-dependent countries use NTR rent to fuel their economy. The use of
unsustainable energy results in increased environmental issues for a
country. The dependence on funds from the export of NTR is one of the
key reasons why countries are looking for alternative revenue to fund
their expenses (Theodoridis et al., 2023).

The top tourist destination countries, including Australia, Japan,
China and many others, face the cauldron of maintaining ENS standards
and ensuring their tourist industry is not negatively affected. Energy
usage from the tourist industry in China has increased at an alarming
rate (Wuetal., 2023). The increasing use of energy usage would directly
lead to an increase in the level of carbon emissions. The issue of pre-
serving the natural habitat in tourist destinations is another complex
problem, as the rise in commercial activity can lead to the extinction of
rare animals and plants. Tourist transportation, including the emissions
related to air travel, transporting from one place to another, can be
significant as far as the pollution levels are concerned. There is a strong
need to develop a mechanism to ensure tourism growth without
hampering the ENS of top tourist destination countries. The contribution
to the economy of TOR is a major stumbling block as a huge portion of
the population comes from income generated from TOR. Curbing TOR
might be an ideal solution for eradicating ENS issues, but the financial
impact might be difficult for many economies (Adebayo et al., 2022a,b).

The main contribution of this study has been to identify the impact of
FNT, NTR and TOR on ENS in top tourist destinations. This can help the
countries develop meaningful practices that can help maintain robust
growth in their tourism and attain ENS objectives, too. The tourism
activity is one of the top revenue earners for these countries. The
contribution of environmental pollution related to tourism can have a
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Fig. 1. Rising number of tourists in China source (Dong et al., 2019).
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negative long-term impact on the ecological balance of the countries but
can also affect their future revenues if the natural areas are negatively
affected by tourist activity. The focus on top tourist destination countries
can help to reduce the emissions and environmental problems associated
with tourism to be addressed and can play a vital role in the achievement
of ENS in the long run. The use of the MMQR approach would help to
develop strong and impactful recommendations which can help busi-
nesses and policymakers alike in their quest for ENS (Jahanger et al.,
2023).

The rest of the research is designed with Section2 consisting of a
thorough analysis of the literature, Section3 includes the methodology,
Section 4 comprises the results of the study,and the concluding Section 5
includes a summary and recommendations.

2. Literature review
2.1. Fintech and environmental sustainability

The role of ENT in promoting green finance and green investment has
been widely accepted. Using cutting-edge technology like Al IoT, and
Big data helps financial institutions deliver the finance needed for green
growth in a much-reduced lead time (Muganyi et al., 2021), Technology
can help speed up the process of assessing the creditworthiness of the
customers and ensure that the finance required for sustainable projects
is improved. Thus, using FNT within an economy might help promote
green growth in the economy (Ren et al., 2020). The use of digital
payments, digital signatures, etc.,is acting as a game-changer for the
financial industry as far as the reduction in carbon footprint and the
transition towards improved efficiency of energy use (Liu and You,
2023). The state-of-the-art technology is reducing the use of physical
travel of customers as the online payment system can handle all the
transactions (Xu et al., 2022). Similarly, the use of digital signature can
also help facilitate payments to ensure that businesses can transfer and
receive payment with minimal hassle (Afonasova et al., 2019).

According to Chueca Vergara and FerruzAgudo (2021), FNT is
revolutionizing the traditional financial system through digitalization.
The use of FNT can help to achieve sustainability through the use of
green finance. Similarly, Al Hammadi and &Nobanee (2019) state that
using FNT can help improve the efficiency and cost-effectiveness of
financial institutions. This can contribute to increased sustainability of
financial institutions of the economy. There has been increased focus
from firms to employ FNT to improve their operational efficiency and
ensure that they are able to maintain innovation and competitiveness in
their operations. Toumi et al. (2023) studied 48 FNT-based companies
and 140 non-FNT companies. The results showed that FNT firms had a
78.4% better performance when compared to the firms who have not
been using FNT. Furthermore, the use of environmental disclosure is an
important cue as far as the market performance is concerned.

Tian et al. (2023), who conducted their study on more than 280 firms
in Bangladesh, state that implementing FNT and promoting green
transformational leadership can help improve a company’s sustain-
ability practices. The authors underlie the importance of technological
innovation in a firm’s quest for sustainability. FNT can help to raise
green finance through the development of the green investment market.
The use of technology can play a vital role in ensuring that fraud and
other types of problems are eradicated. Crowdfunding, which focuses on
collecting small amounts from many people, can be an ideal way to find
investments for green growth projects like the transition to renewable
energy, green cities, etc. (Bockel et al., 2020). The less-tapped market of
small investors can be incorporated into the financial industry, which
can be used to ensure that an economy is not only able to achieve eco-
nomic development but also achieve ENS in the long run (Maehle et al.,
2020). Thus, based on the above discussion, FNT affects ENS.

H1. Fintech Affects Environmental Sustainability
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2.2. Natural resources and EnvironmentalSustainability

The use of NTR is often seen as one of the primary causes of envi-
ronmental degradation. Non-renewable energy sources like coal and oil
emit harmful gases into the environment, increasing global pollution
and putting a severe strain on the quest to achieve ENS (Glynn et al.,
2017). To address this concern, there has been a global shift towards the
use of renewable energy like solar power, wind power, etc. The envi-
ronmental Kuznet curve might be seen as an explanation for the
degradation of the environmental standards in developing countries
(Igbal et al., 2023a, 2023b). However, the biggest question is whether
the environment can withstand any further damage (Arslan et al., 2022).

The issue of NTR rent is an important reason behind the continued
rise in the extraction and the use of NTR. The finances generated from
the use of the extraction of NTR can be one of the key sources of gov-
ernment revenue. Furthermore, the NTR extraction would be providing
employment opportunities for a major portion of the population. This is
one of the major reasons why governments are not able to transition
towards renewable energy in fear of an economic catastrophe. On the
other hand, with the view of economic development, governments are
taking steps to expand the economy by promoting firms’ productivity
and production capacity. This has led to increased demand for energy,
which is fulfilled by NTRs like oil or coal (Glynn et al., 2017). The
consumption of these sorts of fuels would lead to severe GHG emissions
and would have a detrimental impact on ENS levels (Theodoridis et al.,
2023). Similarly, the extraction of metals also leads to contamination of
water resources, which would cause drinking water shortages and can
lead to the extinction of marine animals. Thus, based on the discussion,
it can be stated that NTR has an impact on ENS.

H2. Natural Resources Affect Environmental Sustainability

2.3. Tourism and EnvironmentalSustainability

According to Gossling et al. (2015), the amount of CO2 emissions by
the tourism industry is clearly outweighed by the efforts made to offset
the environmental issues. This is one of the key issues which must be
considered due to the rising levels of pollutants worldwide. Global
tourism is expected to contribute nearly 5% of the total worldly pollu-
tion or environmental degradation. Similarly, Sun et al. (2022) state that
TOR increases CO2 levels and suggests ways to reduce pollution related
to TOR. Most international tourists arrive by air, which can be a major
contributor to CO2 emissions. A single flight from Europe to Australia
would result in 2 tons of CO2 emission. Thus, as far as the impact on the
environment is concerned, the role of TOR can be detrimental towards
ENS (Gossling et al., 2015). Perch-Nielsen et al. (2010) based their study
on Switzerland, which can be considered one of the top tourist desti-
nations in the world. The state that the tourism sector in Switzerland
emits four times more greenhouse gases than all the industries combined
in the country.Meng et al. (2016), who studied the emissions related to
the Chinese tourism industry, also found that the emissions from the
tourist-related industry are on an increasing trend. There have been
similar results from G7 economies.

Ghosh et al. (2022), based their study on G7 countries and used the
FOMLS method, state that TOR would have a detrimental impact on ENS
levels in the countries. Similarly, Higham et al. (2016) state that the
ancillary services like catering, transportation, hotel accommodation,
etc., which are essential for providing quality TOR services, are detri-
mental to ENS due to their contribution towards emitting greenhouse
gases. This trend is also evident in China. According to Zeng et al.
(2021), the tourism tourism-induced economic growth can lead to a
negative impact on ENS in the country. They claim that the development
of infrastructure and other related facilities can lead to poor air quality
in the long run. In the same vein, Xiong et al. (2022), who used the ARDL
approach and based their study on the USA, state that the tourism and
hospitality industry contributes toward CO2 emissions can be one of the
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key determinants of pollution in the country. They further concluded
that the food and drink sector was a bigger contributor towards GHG
emissions when compared to the hotel industry. There is considerable
evidence to suggest that TOR can lead to increased use of NTRsand
increased consumption, which would have a direct impact towards
falling ENS in countries (Zhang and Lu, 2022). Thus, it can be stated that
TOR affects ENS.

H3. Tourism affects Environmental sustainability
3. Methodology

Whenever there is a study that follows the methodology of panel
data, such studies are highly influenced by the presence of heteroge-
neity, which is extremely normal because of the difference in the panel
data’s cross sections. However, capturing and recognizing such hetero-
geneity during the analysis is extremely important so that the generated
outcome is considered free from any biases and inflation that may be
caused by such heterogeneity. This is one of the major limitations that
most statistical techniques have in that they fail to capture and recognize
such heterogeneity, leading to misleading outcomes. Besides, when it
comes to Quantile-based methodologies, because of the operational
framework where the relationships coefficients are generated due to
drawn connection with the quantiles, the possibility of inflated outcome
due to heterogeneity reduces significantly (Sarkodie&Strezov 2019).
Historically, studies involving quantile estimations in panel settings can
be found from the 1970s (see Koenker and Bassett, 1978). Since then,
continuous improvisation, innovation and advancements in the
Quantile-based methodologies have proven their legitimacy and
robustness. Besides, even if the dataset has the presence of outliers, the
Quantile-based methodologies, irrespective of being grounded on the
Ordinary Least Square (OLS) framework, due to operational linkage
through quantiles, remain capable of generating insightful, reliable,
robust and consistent findings.

Within the Quantile-based methodologies, there are a number of
alternatives that can be selected, along with having different pros and
cons. Among them, one of the most innovative, recent and latest alter-
natives is the “Method of Moments Quantile Regression” (MMQR),
which is operationalized by Machado and Silva (2019). This technique is
unique because of its foundational framework, rooted in the
co-variance-based methodology that further expands the statistical
competency of a technique in handling data operational issues like
heterogeneity and outliers (Canay, 2011; Koenker, 2004). Besides, this
technique is superior in situations where the final outcome is heavily
influenced by fixed effects. Moreover, during the estimations of quan-
tiles, the overlapping among the parameters becomes obvious, further
strengthening the legitimacy and validity of the generated outcome. The
generated outcome of the Quantile estimations, which are subjected to
Qy(r /X) can be mathematically expressed as shown in Equation (1).

Yo=a,+X,B+ (8,+Zy) U, [€)]

Referring to Equation (1), the parameters that are estimated and
their respective probability levels can be further explained as P{s, +
Zuy >0} = 1.(a./}4.5. y’)’. Moreover, the fixed effects which are
computed due to the cross sections are represented by i, which is further
explained as (@;,&),i = 1,....n. In addition, the studied components are
represented by X, which will generate of certain vectors represented by
k. Although these vectors are assumed to be known, they are generated
through differentiation at the module level [, which is why they are
explained by Z. Mathematically, they are reflected as Equation (2).

Z=Z/(X), I =15,k 2
Here, it is crucial to note that the distribution followed by X is
similar to the distribution of the cross sections (i) in the given time

period (¢).Similarly, the distribution followed by Uj is similar to the
distribution of the cross sections (i) in the given time period (f). Through
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these types of estimations, the outcome remains more generalized,
whereas the conditions of the momentary characteristics are also satis-
fied without disturbing the legitimacy of any predictor variable(s) that
breaks and trends could have influenced. Moreover, the integration of
the parameters with X, lead to the nature of orthogonal characteristics.
Based on these, the equation is reconfigured and is shown as Equation

(3).
0)(2/ Xu) = (@ +8(1) + X, + Z,yq(r) ®)

Referring to Equation (3), X.[ represents the vector of thepredictor
variable(s). In addition to this, to improve the consistency among the
generated outcomes, a natural log of the variables was taken, which
ensures that the variable remains standardized. Moreover, the quantile
of the dependent variable is reflected by Q,(z /X;). The natural log form
is represented by Y;, which are subjected to the order of thepredictor
variable(s). Furthermore, during the computation of the quantiles, the
fixed effects and scalar coefficients are also constructed for the cross
sections (i) in the given time period (¢). This is further elaborated
through X, — ai(7) = &; + (7). Besides, MMQR is different from the
conventional OLS-based estimation techniques on the ground of in-
tercepts of the adjusted cross sections, whereas, in MMQR, there is no
such adjustment. This is because the studied factors in MMOQR are kept
flexible. On the other hand, the heterogeneity, which serves as a sta-
tistical issue, assists in quantile-based estimations, especially in the
integration assessment and development. The sample quantile for zth
that is represented by g(r) are estimated by optimizing the generated
outcome through:

mingZ%,p. (R — (6:+Z,7)q) @

Referring to Equation (4), the evaluation function is estimated
through p_(A) = (r — 1)AI{A< 0} + TAI{A> 0}.Besides, Table 1 sum-
marizes the description of the studied variables and their respective
sources.

4. Estimations and results

The initial step in any time series-based study is the exploration and
understanding of the characteristics of the data, as well as its behaviour.
For that reason, the Descriptive Statistics, Normality and the strength of
pairwise correlations are assessed. In the outcome of Descriptive Sta-
tistics, there was no abnormality found except for the normality itself,
which reported the data to fail the condition of the normality. Never-
theless, such failure justifies the case for the application of quantile-
based estimation. In terms of the strength of pairwise correlations,
none of the combinations reported any serious strengths, which also
clarified the possibility of getting influenced by the variables them-
selves. The outputs of Descriptive Statistics, Normality and pairwise
correlations are mentioned in Tables 2 and 3.

The next step involves the assessment of Cross-Section Dependence”
(CD) and the presence of unit roots among the data. Whenever there is a
study on panel data, the exploration of CD becomes crucial because of

Table 1
Variables description.
Variables Description Source
Fintech Number of Internet users, Domestic WDI
credit to the bank sector, and Mobile
phone subscribers
Natural Natural Resources rent (% of GDP) WDI
Resources
Tourism The number of international tourist United Nations World
arrivals Tourism Organization
Economic Gross domestic product- constant at 'WDI
Growth 2015 $US
Carbon CO2 emissions (in metric tons) ‘WDI
Emissions
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Table 5
Results of stationary analysis.

Table 2

Results of descriptive statistics.
Variables FNT NTR TOR ECG Co2
Mean 2.030 3.059 4.704 3.024 4.756
Minimum 1.872 1.833 15.948 2.239 4.159
Maximum 2.817 6.724 6.663 6.088 6.036
Std. Dev. 0.501 0.695 1.013 0.684 0.884
J-B Stats 11.841 19.186 18.694 12.674 14.745

Source: Author Estimation.

Table 3
Results of pairwise correlation.
Variables FNT NTR TOR ECG co2
FNT 1.000
NTR —0.359 1.000
TOR 0.354 0.244 1.000
ECG 0.263 0.338 0.312 1.000
co2 —0.274 0.302 0.374 0.241 1.000

"Source: Author Estimation".

the cross-section involvement, which possesses various kinds of simi-
larities. Such similarities or dissimilarities can be due to economic pol-
icy, infrastructure, economies’ nature, and so on. If such similarity or
shared variance is not explained, then the final outcome may not comply
with the principles of accuracy and legitimacy (Aziz et al., 2021).
Moreover, for the unit root, the selection of “‘Cross-sectional IPS” (CIPS)
is due to its capability of handling and absorbing heterogeneity(Phillips
and Hansen, 1990). The CD test’s hypotheses propose the presence of CD
when the outcome is found statistically significance. On the other hand,
for the CIPS test, the statistically significant outcome states that the
dataset follows the stationarity. In any unit root test, it is a routine
procedure to evaluate the stationarity at the level. In a situation where
the outcome at the level is found to be insignificant, which means the
presence of unit root, then the analysis should be repeated after taking
the first difference (Razzaq et al, 2021). This routine is accordingly
followed in the CIPS test. The outcomes for CD and CIPS tests are re-
ported in Table 4.

The presence of stationarity, though, is confirmed by the CIPS test,
but the findings were validated through the application of an additional
test by Im et al. (2003). This test also follows similar hypotheses as the
CIPS test, whereby the operational routine in ascertaining stationarity is
also the same. The outcome of the test validates the CIPS test’s outcome
and is listed in Table 5.

After the confirmation of the stationarity of the data, Pedroni’s
(2004) test is applied, with the objective to ascertain the presence of
cointegration in the dataset. This test enables the assessment of cointe-
gration at the group level as well as the panel level. For the group level,
the tests utilized are “group rho,” “group PP,” and “group ADF". For the
panel level,the tests utilized are“panel v,” “panel rho,” “panel PP,” and
“panel ADF”. The outcome of these tests confirms the presence of
cointegration in the dataset in the long run. The outcome is listed in
Table 6.

Table 4

Results of cross-sectional dependence and CIPS unit root test.
Variables CD Test p-value CIPS test

Level 1st difference

FNT 22.460 0.000 -0.187 —9.518***
NTR 20.654 0.000 -0.899 —5.524***
TOR 17.030 0.000 —-0.561 —12.962***
ECG 20.186 0.000 —0.830 —9.644%**
co2 8.089 0.000 —0.869 —14.013%**

«xxx ** and * represent significant level at 1%, 5% and 10% respectively.”
Source: Author Estimation.

Variables Im, Pesaran and Shin

1(0) 10

C C&T c C&T
FNT -0.876 —-0.508 —3.190%** —6.098***
NTR -1.093 -1.093 —4.511*** —6.662***
TOR -1.010 —0.884 —4.589%#* —4.157%%%
ECG —-0.965 —-0.912 —4.452%** —4.052%**
co2 —0.592 -1.156 —5.077%** —4.466%**

«xx % and * represent significant level at 1%, 5% and 10% respectively.”
Source: Author Estimation.

Table 6
Results of Pedroni (Engle-Granger based) Panel Cointegration in Top Tourist
Destinations.

Estimates Stats. Prob.

CO2= f(FNT - NTR - TOR - ECG)

Panel v-statistics 15.250 0.000
Panel rho-statistics 15.048 0.000
Panel PP-statistics -7.835 0.000
Panel ADF-statistics —6.086 0.000

Alternative hypothesis: individual AR coefficient

Group rho-statistic 13.842 0.000
Group PP-statistic —6.667 0.000
Group ADF-statistic —6.923 0.000

“The null hypothesis of Pedroni (2004) panel cointegration procedure is no
cointegration.”
Source: Author Estimation.

In addition to Pedroni’'s (2004) test, the findings related to the
presence of cointegration were also validated through the application of
an additional test by Westerlund’'s (2007) test. This test is unique in
terms of its foundational grounding, which is on bootstrapping meth-
odology. Such methodology enhances the validation due to the
computation of significance after generating multiple subsamples from
the same dataset. This test validates the findings by confirming the
presence of cointegration in the dataset in the long run. The outcome is
listed in Table 7.

After the satisfaction of the pre-requirements related to data char-
acteristics and quality, the application of MMOQR is made for the pro-
posed hypotheses testing, which is in accordance with the earlier
research (Jahanger et al., 2023).The current study has used CO2 to
represent the ENS as the dependent variable. For the hypotheses stating
the relationship between FNT and ENS, the nature of the relationships
remains negative across all of the quantiles. This shows that through
FNT, the CO2 will be reduced, which eventually means that FNT will
complement the ENS. In terms of significance, the outcome was insig-
nificant at the lower quantiles. However, as the linkage is forwarded
towards the higher quantiles, the relationships start becoming statisti-
cally significant. For instance, at the middle-lower quantiles, the re-
lationships were significant at a 10% significance level, but for the

Table 7
Results of Westerlund's (2007) bootstrap panel cointegration.

Statistics Value Z value p-value Robust p-value
Gt ~16.703 —23.740 0.000 0.000
Ga —11.312 ~17.120 0.000 0.000
Pt ~13.379 22,022 0.000 0.000
Pa —21.140 —20.192 0.000 0.000

“The null hypothesis of Westerlund’s (2007) panel cointegration procedure is no
cointegration. The number of replications is 1000.The p-values are for a
one-sided test based on normal distribution. The robust p-values are for a
one-sided test based on 1000 bootstrap replications.”

Source: Authors’ estimation.
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middle-higher and higher-lower quantiles,the relationships were sig-
nificant at a 5% significance. These relationships become significantata
1% significance level at the higher level. This could be due to the
response of FNT towards ENS, as the initiatives taken through FNT will
take time to contribute towards the eradication of CO2 emissions.

For the hypotheses stating the relationship between NTR and ENS,
the nature of the relationships remains positive across all of the quan-
tiles. This shows that through NTR, the CO2 will be further enhanced,
which eventually means that NTR will have a destructive role towards
ENS. In terms of significance, the outcome was significant at the lower
quantiles at a 10% significance level, whereby as the linkage is for-
warded towards the higher quantiles, the relationships started becoming
statistically significant further. For instance, at the middle quantiles, the
relationships were significant at a 5% significance. These relationships
become further significant at a 1% significance level at the higher
quantiles. This could be due to the response of NTR towards ENS, as
more consumption of NTR will lead to more pollution and environ-
mental destruction, thus distressing the ENS.

For the hypotheses stating the relationship between TOR and ENS,
the nature of the relationships remains positive across all of the quan-
tiles. This shows that through TOR, the CO2 will be further enhanced,
which eventually means that TOR will have a destructive role towards
ENS. In terms of significance, the outcome was significant at the lower
quantiles at a 5% significance level, whereas at the middle quantiles, the
relationships were significant at a 1% significance. These relationships
remain significant ata 1% significance level at the higher quantiles. This
outcome leads to the understanding that when TOR has an increment,
that will lead to more pollution and environmental destruction, thus
distressing the ENS.

For the relationships between the control variable ECG and ENS, the
relationships remain positive across all of the quantiles. This shows that
the CO2 will be further enhanced through ECG, which eventually means
that ECG will have a destructive role towards ENS. The outcome was
significant at the lower quantiles at a 1% significance level, and these
relationships remain significant at a 1% significance level at the middle
and higher quantiles. This outcome leads to the understanding that
when ECG has an increment, that will lead to more pollution and
environmental destruction, thus distressing the ENS.The results of
MMQR are listed in Table 8.

Lastly, the direction of the causality is assessed through the appli-
cation of Dumitrescu and &Hurlin (2012) test. Although, one side of the
causality can be inferred from the outcome generated through MMQR.
However, in the economic variables, there is a possibility that the re-
lationships between the independent variable and dependent variables
could have a spillover effect, which can lead to bi-directional causality.
The application of the test reported the presence of bi-directional cau-
sality between all independent variables and the dependent variable.The
results are listed in Table 9.

5. Conclusion and recommendations
There has been a genuine concern from some of the major economies

all around the world to bring a positive change towards the environ-
ment. The shift towards green energy and sustainability efforts from the
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Table 9

Results of heterogeneous panel causality test.
Null Hypothesis Stats Prob.
FNT does not homogenously cause CO2 18.456 0.000
CO2 does not homogenously cause FNT 21.681 0.000
NTR does not homogenously cause CO2 10.353 0.000
CO2 does not homogenously cause NTR 22,503 0.000
TOR does not homogenously cause CO2 13.672 0.000
CO2 does not homogenously cause TOR 10.041 0.000
ECG does not homogenously cause CO2 16.390 0.000
CO2 does not homogenously cause ECG 22.959 0.000

Source: Author Estimation.

global heavyweights. Countries like the USA, one of the biggest emitters
of greenhouse gases, have passed laws in congress to promote renewable
energy transitions for commercial and domestic purposes. Similarly,
China has invested heavily in the development of renewable energy and
is making drastic efforts to move away from the dependence on energy
generated from coal. Despite their efforts to curb pollution levels and
address precarious global warming, there has been little development as
far as the benefits are concerned (Kelishadi, 2012).

Natural calamities continue to rise, which causes distress to people of
lower-income countries. The recent flooding in Libya is an ideal example
where the deaths of thousands were reported. A similar issue was seen in
Australia, which is now facing storms and typhoons with increasing
levels of intensity. The damage caused by the recent natural calamities
might take years to recover. One of the primary reasons behind this
phenomenon is the lack of proper coordination among the sustainability
efforts and the fact that the use of fossil fuels to power the factories and
CO2 emissions continue to rise at an alarming rate. There is an urgent
need to address environmental issues as the damage done to the envi-
ronment might be irreversible and can cause severe distress in the
coming days (Zhao et al., 2022).

The research focused on identifying the role of FNT, NTR and TOR on
ENS. The focus on top tourist destinations meant that the countries
which are contributing the highest as far as tourism-related pollutants
were studied to develop meaningful recommendations specifically
customized and be beneficial for the policymakers and the individual
firms alike. The use of the MMQR approach helped to validate the
findings. The top tourist destinations, including China, Australia, and
Japan, find themselves in greater levels of environmental problems due
to the amount of TOR in their countries.

According to the findings of the research, FNT can be the gateway for
the development of a sustainable economy. FNT can play a vital role in
providing the finance needed for bankrolling sustainable products. The
use of technological innovation within the financial industry would
mean a greater level of clarity and communication using the technology
to assess the feasibility of investments, which means that financial in-
stitutions would be able to release the funds for investment in a very
cost-effective and swift manner (Al Hammadi and &Nobanee, 2019).
This would help to nurture and grow the green economy. The use of
crowdfunding can be another way FNT can prove to be effective in
providing the much-needed finance for green projects. The use of
blockchain, IoT, can be an ideal choice in providing the much-needed

Table 8

Results of panel quantile estimations (MMQR).
Variables Quantiles

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

FNT —0.228 —-0.286 —0.309 —0.337* —0.342* —0.348** —0.321** =0,199%** —0.227***
NTR 0.207* 0.211* 0.315* 0.377** 0.381** 0.225%* 0.267*** 0.356*** 0.224***
TOR 0.398%* 0.200%* 0.274%* 0.222%#* 0.343%** 0.246%** 0.338%#* 0.385%** 0.358%*%
ECG 0.338*** 0.332%%* 0.247%** 0.358*** 0.364*** 0.328*** 0.306%*** 0.207%** 2198 =x

“The statistics value of location and scale arrived from MMQR can be available upon request. ***, ** and * represent significant level at 1%, 5% and 10% respectively.”

Source: Author Estimation.
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security to ensure that financial transactions can be conducted using the
internet, and the technological advances can make the collection of
small amounts of funds from a large number of people at a swift pace
(Chueca Vergara &FerruzAgudo, 2021). This can help to ensure that
financial growth and inclusion can be achieved in an economy along
with the rise in sustainable growth. In short, the use of FNT can be used
to meet the needs of economic development without hampering the
environment (Ellili, 2022).

Based on the findings of the research, the use and extraction of NTR is
found to be detrimental to ENS in top tourist destination countries. The
extraction of NTR results in the loss of ecological balance. The extraction
of NTR like metals, coal, and oil can lead to a significant amount of
contamination of water resources, which would not only have anegative
impact on marine life but would also result in the emission of CO2,
which would have a negative impact on the environment (Glynn et al.,
2017). The NTR rent makes the transition towards renewable energy
difficult due to the employment opportunities associated with NTR
extraction and the revenue from exporting the NTR. The amount of
funds generated through the export of NTR drives the motives behind
increased extraction levels, which eventually leads to environmental
issues across the top tourist destination countries (Arslan et al., 2022).

TOR is considered to be an integral part of revenue for the govern-
ment, particularly for top tourist destinations. The TOR industry pro-
vides employment for millions and acts as a source of revenue for the
government in terms of taxation (Ghosh et al., 2022). Based on the
study, the rise in TOR is accompanied by increasing levels of CO2
emissions and is detrimental to ENS as far as top tourist destination
countries are concerned. The rise in tourist activities means increasing
air travel, development of infrastructure, transportation, water and en-
ergy use, etc. (Gossling et al., 2015). All these factors would increase the
level of CO2 emissions and contribute towards the falling standards of
ENS in the countries. The damage caused by TOR is further orchestrated
by the increasing level of waste caused by the tourists. The rising waste
can be one of the key reasons behind the contamination of water. For
example, the rise in tourist visits might mean a rise in urbanization and a
fall in forests. This might further speed up the environmental damage for
the countries (Meng et al., 2016).

The first recommendation for top tourist destination countries is to
employ a common sustainability standard, which should be followed by
all the member states. This would mean that the hospitality industry
must adhere to sustainable standards while serving tourists. In providing
exemplary services, hotels should not be allowed to use unsustainable
methods. Some examples of sustainable methods could include limiting
the use of plastic, using renewable energy, green buildings, ecologically
friendly hotel rooms, and conservation of natural tourist attractions in
the countries (Butowski, 2017). This can be made possible through the
development of annual emission limits. Failure to adhere to those limits
should result in hefty fines and taxes, which can help to ensure that firms
within the tourism industry find it attractive to adhere to the environ-
mental guidelines rather than differentiate from their competitors.

Governments of top tourist destination countries are recommended
to develop policies and encourage the private sector to promote sus-
tainable tourism. The development of sustainable tourism can include
the use of the development of green infrastructure. The whole hospi-
tality industry would be based on the development of sustainable
practices (Han, 2021). An example of sustainable development could be
the construction of green buildings. The hotels and other entertainment
activities would be provided from green buildings. FNT can be used to
provide funding for the development of hotels, which would eventually
help to make the financing easier for firms. The government can also
allocate funds to develop such projects to reduce the CO2 emissions of
the TOR industry.

Regulations must be developed to make the use of renewable energy
mandatory for hotels and firms within the hospital industry. Based on its
capacity, each hotel would need to use a particular portion of renewable
energy within its overall energy consumption. This would be specific to
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the energy consumption to ensure that the transition of the TOR industry
towards green energy is improved. This regulation should be coupled
with the provision of low-cost finance for renewable energy to ensure
that firms see this as an ideal way to increase their bottom line rather
than taking the environmental initiative as a cost centre (Liu et al.,
2021).

The study has used the MMQR approach to validate its findings,
whereby the use of CSARDL to validate the findings of the research
would be among the future research directions. Furthermore, factors
affecting ENS are not limited to FNT, NTR and TOR. Green finance can
be one of the major determinants of ENS. The use of green finance can
prove to be an important tool to promote sustainable growth as the
provision of funds for the development of projects which help to increase
the use of green energy or even improve energy efficiency can play a
vital role in the development of ENS in any country (Bhutto et al., 2021).
Similarly, urbanization can be an important factor for assessing TOR’s
role. The development of hotels and other infrastructure in tourist at-
tractions can have a major say in the ENS levels (Clavé& Wilson, 2016).
Future research considering these factors can help develop a meaningful
outlook.
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ABSTRACT

This article presents a study using ResNet-50, GRU, and transfer learning to construct a marketing
decision-making model and predict consumer behavior. Deep learning algorithms address the scale
and complexity of consumer data in the information age. Traditional methods may not capture
patterns effectively, while deep learning excels at extracting features from large datasets. The research
aims to leverage deep learning to build a marketing decision-making model and predict consumer
behavior. ResNet-50 analyzes consumer data, extracting visual features for marketing decisions. GRU
model temporal dynamics, capturing elements like purchase sequences. Transfer learning improves
performance with limited data by using pre-trained models. By comparing the model predictions with
ground truth data, the performance of the models can be assessed and their effectiveness in capturing
consumer behavior and making accurate predictions can be measured. This research contributes
to marketing decision-making. Deep learning helps understand consumer behavior, formulate
personalized strategies, and improve promotion and sales. It introduces new approaches to academic
marketing research, fostering collaboration between academia and industry.

KEYWORDS:
ResNet-50, GRU, Transfer Learning, Market Marketing, Predicting Consumer Behavior, Decision Models

1. INTRODUCTION

In today’s information age, with the exponential growth in the scale and complexity of consumer
data, businesses need a better understanding of consumer behavior and demand to formulate accurate
marketing strategies. Traditional statistical methods and machine learning Alon et al. (2001) approaches
may sometimes fail to capture the features and patterns present in the data adequately. Deep learning
methods, with their powerful model representation and automatic feature learning capabilities, have
emerged as effective tools to address these challenges.

DOI: 10.4018/JOEUC.336547 *Corresponding Author

This article published as an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and production in any medium,
provided the author of the original work and original publication source are properly credited.



Journal of Organizational and End User Computing
Volume 36 - Issue 1

The ResNet-50-GRU transfer learning method offers significant advantages and innovations
compared to traditional methods. Firstly, traditional methods have limitations in handling large-scale
and complex consumer data. With the exponential growth in consumer data in terms of scale and
complexity, traditional statistical and machine-learning methods may fail to capture the features and
patterns in the data adequately. This leads to an incomplete and inaccurate understanding of consumer
behavior and demands.

In contrast, the ResNet-50-GRU transfer learning method utilizes the powerful model
representation and automatic feature learning capabilities of deep learning algorithms to analyze and
extract meaningful patterns and features from a large amount of consumer data. The ResNet-50 model,
as a convolutional neural network, can automatically learn and extract visual features from image data,
such as product preferences and brand preferences. This ability enables marketing decision-makers
to gain more accurate insights into consumer preferences and tailor marketing strategies accordingly.

This study aims to leverage deep learning methods to construct a marketing decision model and
predict consumer behavior. Specifically, we will utilize the ResNet-50 model to analyze consumer
data containing images or visual content and extract visual features and patterns relevant to marketing
decisions. Simultaneously, we will employ the GRU (Gated Recurrent Unit) model to model the
temporal dynamics of consumer behavior, capturing time-related features such as purchase sequences
and browsing histories. Furthermore, we will apply transfer learning techniques to leverage the
knowledge from pre-trained models and build accurate models on limited data. We will collect and
preprocess relevant data, including demographic information, browsing behavior, purchase history,
and potential visual content of consumers. Next, we will train and evaluate deep learning models
such as ResNet-50 and GRU using appropriate loss functions and optimization techniques. In the
context of transfer learning, we will initialize the model with pre-trained weights and fine-tune it on
specific market datasets.

Through experiments on real-world datasets, we will validate the effectiveness and accuracy
of the proposed approach. Using the ResNet-50 model, we will successfully extract visual features
relevant to marketing decisions, such as product preferences and brand preferences. Simultaneously,
the GRU model will capture the temporal dynamics of consumer behavior and accurately predict
future purchasing behavior and interests. The application of transfer learning will further enhance
the model’s performance, particularly in scenarios with limited data.

This research holds significant implications for marketing decision-making. Through deep
learning methods, businesses can gain better insights into consumer behavior and demands, enabling
them to formulate personalized marketing strategies and improve the effectiveness of product
promotions and sales. Additionally, this study provides novel ideas and approaches for academic
research in the field of marketing.

In the field of marketing, several deep learning or machine learning models are widely applied.
Here are five common models along with their advantages and disadvantages:

1. Convolutional Neural Networks (CNN) He et al. (2017): CNN excels in processing image or
visual data. It can effectively extract image features and demonstrates good classification and
recognition performance. However, CNN’s ability to handle time-series data and sequence
modeling is relatively weak.

2. Recurrent Neural Networks (RNN) Xiao and Zhou (2020): RNN is a type of neural network
capable of processing sequential data. It possesses memory capabilities to capture temporal
dependencies within sequences. However, traditional RNNs suffer from the vanishing or exploding
gradient problem and perform poorly in handling long-term dependencies.

3. Long Short-Term Memory (LSTM) Gers et al. (2000): LSTM is an improved RNN structure
that addresses the gradient issues of traditional RNNs by introducing gate mechanisms. It can
better capture long-term dependencies and is suitable for processing time-series data. However,
LSTM models have more parameters and higher computational complexity.
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4. Generative Adversarial Networks (GAN) Gonog and Zhou (2019): GAN is a framework consisting
of a generator and a discriminator, trained through adversarial learning to generate realistic
data samples. GANs hold the potential to generate novel marketing materials and promotional
content. However, the training process of GANS is relatively unstable and requires more data
and computational resources.

5. Transfer Learning Torrey and Shavlik (2010): Transfer learning speeds up the training process and
improves model performance by utilizing pre-trained models on large-scale data and transferring
their knowledge to new tasks. This is particularly important in marketing research when dealing
with limited data.

The motivation of this study is to construct marketing decision models using deep learning
methods and predict consumer behavior. To achieve this objective, we propose the following
methodology:

Firstly, we will collect and preprocess relevant marketing data, including consumer demographics,
browsing behavior, purchase history, and possible visual content. Secondly, we will analyze consumer
data containing images or visual content using the ResNet-50 model. ResNet-50 is a deep convolutional
neural network model with powerful image feature extraction capabilities. Through this model, we
can extract visual features and patterns relevant to marketing decision-making, such as product
preferences and brand preferences. Simultaneously, we will employ the GRU model to capture the
temporal dynamics of consumer behavior, capturing time-related features such as purchase sequences
and browsing history. GRU is a gated recurrent neural network model that exhibits better long-term
dependency modeling capability and addresses the issue of vanishing gradients compared to traditional
RNN models. Additionally, we will apply transfer learning techniques to fine-tune the pre-trained
models’ knowledge on limited market data to construct accurate models. Transfer learning helps us
leverage existing large-scale data and model parameters, reducing the training time and improving
the model’s performance on market data.

The effectiveness and accuracy of this study’s methodology will be validated through experiments
on real-world datasets. Using the ResNet-50 model, we can successfully extract visual features relevant
to marketing decision-making, and through the GRU model, we can capture the temporal dynamics of
consumer behavior and accurately predict future purchasing behaviors and interests. The application
of transfer learning further enhances the model’s performance, especially in cases with limited data.
This research holds significant importance for marketing decision-making. Through deep learning
methods, businesses can better understand consumer behavior and needs, formulate personalized
marketing strategies, and improve the effectiveness of product promotion and sales. Additionally,
this research provides new ideas and methods for academic research in

e  Application of Deep Learning in Marketing Decision-Making De Mauro et al. (2022): This study
introduces common deep learning models in marketing research and details their advantages and
limitations in addressing market data analysis and consumer behavior prediction. By utilizing deep
learning methods, this research provides a new and powerful tool for marketing decision-making,
extracting meaningful patterns and features from large-scale market data to help businesses better
understand consumer behavior and demands.

e Comprehensive Analysis Combining Image and Time Series Data Gursch et al. (2021): The
proposed methodology combines the analysis of image data and time series data. By using
Convolutional Neural Networks (CNN) and Residual Networks (ResNet-50), visual features
and patterns relevant to marketing decision-making can be extracted from images and visual
content. Simultaneously, by employing Gated Recurrent Neural Networks (GRU), the temporal
dynamics of consumer behavior, including purchase sequences and browsing history, can be
captured. This comprehensive analysis approach enables a more holistic understanding and
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prediction of consumer behavior, providing more accurate and nuanced information for marketing
decision-making.

e  Application of Transfer Learning in Marketing Research Chiu and Chuang (2021): The proposed
methodology also utilizes transfer learning techniques to transfer knowledge from pre-trained
models to new tasks, accelerating the training process and improving model performance.
Transfer learning is particularly valuable in scenarios with limited data in marketing research.
By leveraging existing large-scale data and model parameters, training time can be reduced,
and model performance on market data can be enhanced. This application provides an effective
approach for marketing research, leveraging existing knowledge and resources to better address
real-world problems.

2. RELATED WORK

2.1 Sequence Models

Sequence models Keneshloo et al. (2019) have a wide range of applications in the field of marketing.
They can be used for customer behavior analysis, purchase prediction, personalized recommendations,
and sentiment analysis. By analyzing consumer browsing history, purchase records, and social media
data, these models can capture the temporal patterns of consumer behavior, providing accurate
predictions and insights.

The advantages of sequence models lie in their ability to capture long-term dependencies and
dynamic evolution. They can learn and remember patterns in consumer behavior, helping marketers
gain a deeper understanding of consumer preferences and behavioral changes. Additionally, sequence
models can handle variable-length sequences, adapting to different lengths of behavior sequences
and increasing model flexibility. Sequence models also have limitations. Firstly, training complex
sequence models like LSTM requires significant computational resources and time. Secondly,
interpreting the predictions of sequence models can be challenging, as understanding the model’s
reasoning process and decision-making can be difficult. Lastly, sequence models typically require
a large amount of labeled training data to achieve good performance, which may require substantial
data collection and annotation efforts.

2.2 Attention Mechanisms

Attention mechanisms Niu et al. (2021) have extensive applications in the field of marketing.
Firstly, in personalized recommendations, they help identify the most important features or items
in a user’s browsing history or purchase records. By assigning weights to different elements,
attention mechanisms improve the accuracy of recommendations, enhancing user satisfaction
and engagement. Secondly, in sentiment analysis, attention mechanisms identify the keywords or
phrases in a text that contribute the most to the expressed sentiment. This enables more accurate
predictions of customer sentiment towards products, brands, or marketing campaigns, helping
marketers understand customer emotions and adjust strategies accordingly. Lastly, in customer
behavior analysis, attention mechanisms identify the most influential touchpoints or interactions in
a customer’s journey, allowing marketers to understand the factors driving customer conversions,
churn, or engagement. This information can be used to optimize marketing campaigns, improve
customer experiences, and enhance customer retention. Attention mechanisms have extensive
applications in the field of marketing. Firstly, in personalized recommendations, help identify the
most important features or items in a user’s browsing history or purchase records. By assigning
weights to different elements, attention mechanisms improve the accuracy of recommendations,
enhancing user satisfaction and engagement. Secondly, in sentiment analysis, attention mechanisms
identify the keywords or phrases in a text that contribute the most to the expressed sentiment. This
enables more accurate predictions of customer sentiment towards products, brands, or marketing
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campaigns, helping marketers understand customer emotions and adjust strategies accordingly.
Lastly, in customer behavior analysis, attention mechanisms identify the most influential touchpoints
or interactions in a customer’s journey, allowing marketers to understand the factors driving
customer conversions, churn, or engagement. This information can be used to optimize marketing
campaigns, improve customer experiences, and enhance customer retention.

2.3 Generative Adversarial Networks

Generative Adversarial Networks (GANs) Creswell et al. (2018) have wide applications in marketing,
including generating realistic content and automating content creation. GANs can generate visually
appealing product images and marketing materials, enhancing the overall aesthetic appeal and engaging
customers. Additionally, GANs can be used to generate textual content, such as product descriptions
or social media posts, saving time and resources in manual content creation.

GAN:s also have limitations. One challenge is the potential lack of diversity and quality control in
generated content. GANs may produce unrealistic outputs or fail to meet desired standards, requiring
careful monitoring and control. Furthermore, training GANs require a large amount of data and
computational resources, making it resource-intensive and time-consuming.

GANSs have valuable applications in marketing, enabling the generation of realistic visuals and
automating content creation. They enhance the aesthetic appeal of marketing materials and provide
a continuous stream of fresh and engaging content. However, challenges exist in maintaining quality
control and managing computational resources. Despite these limitations, GANs have the potential to
revolutionize marketing practices by providing innovative and efficient solutions for content generation.

3. METHODOLOGY

3.1 Overview of Our Network

This study aims to construct a marketing decision model using ResNet-50, GRU, and transfer learning-
based deep learning methods to predict consumer behavior. By combining these techniques, researchers
can gain insights into consumer behavior using deep learning algorithms, image recognition models,
and sequential data analysis, and make data-driven marketing decisions. Figure 1 shows the overall
framework diagram of the proposed model:

Method Implementation Overview: 1. Data Collection and Preprocessing Famili et al. (1997):
Collect relevant consumer data, including demographic information, browsing behavior, purchase
history, and visual content, and preprocess it. This data will serve as input for the deep learning
models. 2. Application of the ResNet-50 Model Koonce and Koonce (2021): Analyze consumer data
containing images or visual content using the pre-trained ResNet-50 model. By passing the data through
the ResNet-50 network, extract visual features and patterns relevant to marketing decisions, such as
product preferences and brand preferences. 3. Application of the GRU Model Kumar and Abirami
(2021): Model the temporal dynamics of consumer behavior using the GRU model. Input sequential
data such as browsing history, purchase history, and social media interactions into the GRU model.
The GRU model will learn patterns and trends in the time-series data and can predict future purchase
behavior and interests. 4. Application of Transfer Learning Soni (2018): Initialize the pre-trained
ResNet-50 model and GRU model’s weights using transfer learning for marketing-specific datasets.
Fine-tune or retrain these models to adapt them to specific marketing tasks. During the fine-tuning
or retraining process, adjust model hyperparameters, layer configurations, and structures based on
the specific task requirements. 5. Model Evaluation and Prediction Gauch et al. (2003): Use the
trained models to make predictions and evaluate new consumer data. By inputting new data into the
ResNet-50 and GRU models, obtain predictions regarding consumer behavior and preferences. Based
on the prediction results, marketers can formulate personalized marketing strategies to enhance the
accuracy and effectiveness of marketing decisions.
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Figure 1. Overall flow char of the model
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By combining ResNet-50, GRU, and transfer learning, researchers can gain deep insights into
consumer behavior from marketing data. The implementation process of these methods includes
data collection and preprocessing, application of the ResNet-50 model, application of the GRU
model, application of transfer learning, and model evaluation and prediction. This combination
of steps can help marketers make data-driven decisions and improve the effectiveness and return
on marketing activities.

3.2 ResNet-50

ResNet-50 Alzubaidi et al. (2021) is a deep convolutional neural network model that addresses issues
like vanishing gradients and exploding gradients Hanin (2018) when constructing deep networks,
enabling training and optimization of deeper networks. ResNet-50 is based on the concept of
residual learning He et al. (2016) and uses residual blocks to construct deep networks. In traditional
convolutional neural networks, information needs to be passed through each layer, and in deep
networks, backpropagation causes gradients to diminish, making it difficult to optimize the network.
To overcome this problem, ResNet-50 introduces skip connections, allowing information to bypass
certain layers in the network and preserve and propagate more gradient information. In ResNet-50,
each residual block consists of two convolutional layers and an identity mapping. The convolutional
layers extract features, while the identity mapping directly passes the input to the output by adding
it to the output of the convolutional layers. This way, even with deeper networks, gradients can

Figure 2. Schematic diagram of ResNet-50
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propagate easier to earlier layers, avoiding the issue of vanishing gradients. Figure 2 is a schematic
diagram of the ResNet-50.

Role of ResNet-50 in building marketing decision models: In marketing decision models,
ResNet-50 is primarily used to analyze consumer data that includes images or visual content, extracting
visual features and patterns relevant to marketing decisions. By training on large-scale image datasets,
it can learn low-level and high-level features such as product preferences, brand preferences, and
visual attractiveness. These features can help businesses understand consumer preferences regarding
product appearance, advertising communication, and brand image, optimizing product design, ad
creativity, and marketing strategies.

Although ResNet-50 performs well in many computer vision tasks, there are limitations and
potential drawbacks to consider when applying it to building marketing decision models:

1. Data requirements: ResNet-50 requires large-scale labeled image data for training to learn
effective visual features. This may pose challenges in data collection and annotation, especially
for specific products or brands in certain marketing scenarios.

2. Compute resource requirements: ResNet-50 is a large network model that demands significant
computational resources and storage space for training and inference. When applying it to
real-world marketing decisions, the availability and cost of computational resources need to be
considered.

3. Interpretability and explainability: Deep learning models like ResNet-50 are often seen as
black-box models, making it challenging to understand their internal workings. In some
cases, the interpretability of model predictions and features might be important for marketing
decision-makers.

To balance the applicability and potential drawbacks of ResNet-50, the following measures can
be considered:

1. Data augmentation and transfer learning: Data augmentation techniques can expand the dataset
and alleviate data requirements. Additionally, transfer learning techniques can leverage pre-
trained ResNet-50 model weights on large-scale image datasets and fine-tune them on specific
marketing datasets to improve model performance.

2. Model interpretability approaches: To increase the interpretability and explainability of the model,
complementary interpretable machine learning methods or tools such as feature importance
analysis, local interpretability methods (e.g., Grad-CAM), etc., can be combined to explain the
predictions and visual features of the ResNet-50 model.

3. Integration of multiple models: In addition to ResNet-50, considering the combination of other
types of models such as text models, recommendation system models, etc., can provide a more
comprehensive prediction and understanding of consumer behavior by integrating different types
of data and features.

The formula of ResNet-50 is as follows:

y=F(xW)+x (1

In formula (1), we can see the following variables:

x: Input features, which can be images or other forms of data. y: Output features, obtained by
extracting features from the input features using the ResNet-50 model. W: Set of model parameters,
including all the weights and biases in the ResNet-50 model. (): Represents the residual block function
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of the ResNet-50 model. It takes the input features x and model parameters W, and computes the
residual features. This formula expresses the basic principle of the ResNet-50 model, where the
model transforms the input features x into output features y by learning the residual features (x, W)
and adding them to the input features. ResNet-50 can effectively train deep networks by introducing
residual learning and addressing issues like vanishing and exploding gradients.

The ResNet-50 model plays a crucial role in building marketing decision models. It can extract
valuable features and patterns from visual data, helping businesses understand consumer behavior
and demands, and optimizing marketing strategies. However, it is important to consider the data
requirements, compute resource requirements, and model interpretability limitations of ResNet-50
and balance its applicability and potential drawbacks through data augmentation, transfer learning,
model interpretability approaches, and integration of multiple models.

3.3 GRU

GRU (Gated Recurrent Unit) Dey and Salem (2017) is a variant of recurrent neural networks (RNNs)
Salehinejad et al. (2017) used for processing sequence data and capturing their inherent temporal
dependencies. Compared to traditional RNN models, GRU introduces gating mechanisms that better
handle long-term dependencies and alleviate the issues of vanishing and exploding gradients. Figure
3 is a schematic diagram of the GRU.

The GRU model consists of several key components, including the update gate, reset gate,
and candidate hidden state. Here is a detailed explanation of the basic principles and roles of these
components:

1. Update Gate: The update gate determines the importance of the previous hidden state at the current
time step. It calculates a value between 0 and 1 by considering the input data and the previous
hidden state. This value represents how much of the previously hidden state information should
be retained. The update gate controls the flow of information, allowing the model to selectively
remember or forget past information.

2. Reset Gate: The reset gate determines the impact of the previous hidden state on the current time
step. Similar to the update gate, it calculates a value between 0 and 1 based on the input data and
the previous hidden state. This value represents how much of the past hidden state information
should be retained. The reset gate controls the forgetting of past information, enabling the model
to better adapt to the current input.

3. Candidate Hidden State: The candidate hidden state is a temporary hidden state calculated based
on the current input data and the previous hidden state before the application of the update and
reset gates. It incorporates the input information at the current time step and captures important
features of the current sequence.

4. Final Hidden State: The final hidden state is obtained by applying the weights of the update gate,
reset gate, and candidate hidden state. It combines the information from the previous hidden
state and the current input, representing the model’s understanding and memory of the current
sequence data. The final hidden state can be used as an output for predicting the next time step’s
outcome or for other related tasks.

By utilizing these components and computations, the GRU model can model long-term
dependencies in sequence data while mitigating the issues of vanishing and exploding gradients.
Compared to traditional RNN models, GRU has fewer parameters, higher computational efficiency,
and demonstrates better performance in various sequence modeling tasks.
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Figure 3. Schematic diagram of GRU
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In building marketing decision models and predicting consumer behavior, the GRU model
plays a crucial role in time series data analysis. Through the GRU model, it is possible to model and
capture the temporal dynamics in consumer behavior, such as purchase sequences, browsing history,
and more. The GRU model can learn and remember long-term dependencies in sequences, enabling
more accurate predictions of future behavior and interests.

Although the GRU model performs well in sequential data modeling and prediction, it also
has some limitations and potential drawbacks to consider. These include: Data dependency: The
performance of the GRU model in modeling sequential data highly depends on the quality and
availability of the data. If the data quality is low, lacks representativeness, or contains noise, the model’s
performance may degrade. Computational complexity: The GRU model has higher computational
complexity compared to simple linear models or traditional machine learning methods. This implies
that computational resource constraints need to be considered when dealing with large-scale datasets
or real-time applications. Hyperparameter tuning: The GRU model has several hyperparameters to
be tuned, such as the number of hidden units, learning rate, etc. Proper selection of hyperparameters
is crucial and requires experimentation and validation.

To balance the applicability and potential drawbacks of the GRU model, researchers and
practitioners can consider the following strategies: Adjust model complexity: Depending on the
actual requirements and computational resource constraints, the complexity of the GRU model can be
adjusted, such as reducing the number of hidden units or layers to improve computational efficiency.

Data preprocessing and cleaning: Preprocessing and cleaning the data before using the GRU
model is essential. This includes handling missing values, outliers, and noise, as well as performing
feature selection and dimensionality reduction to improve the model’s robustness and predictive
ability. Integration with other methods: The GRU model can be combined with other machine
learning or statistical methods to leverage their strengths. For example, combining the GRU model
with traditional regression models Austin et al. (2001) or clustering methods Omran et al. (2007) can
provide more comprehensive and accurate prediction results. Model evaluation and validation: To
evaluate the performance and applicability of the GRU model, rigorous experiments and validations
are required. This includes using techniques such as cross-validation, comparative experiments, and
metric evaluation to assess the model’s accuracy, generalization ability, and stability.

The formula of GRU is as follows:

z,=0W -[h_,x])r,=0(W -[h_,x])

-1
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ht=tanh(W-[r © ht — 1,x]) )
h=(01-z)0h_+z,0h,

Here is the translation of the variables used in the equations:

z, represents the update gate, which determines the importance of the previous hidden state’s
weight at the current time step.

r, represents the reset gate, which determines the impact of the previous hidden state on the
current time step.

I, represents the candidate hidden state, which is a temporary hidden state calculated based
on the current input data and the previous hidden state before applying the update and reset gates.

h, represents the final hidden state, which is obtained by applying the weights of the update gate,
reset gate, and candidate hidden state. It combines the information from the previous hidden state
and the current input.

W, W, and W are weight matrices used to map the input data and hidden state to appropriate
dimensions.

[A,_,, x ] represents the concatenation of the previous hidden state /,_, and the current input data
x,. represents element-wise multiplication, o represents the sigmoid function, and tanh represents the
hyperbolic tangent function.

These equations describe the computations performed in the GRU model, including the calculation
of the update gate, reset gate, candidate hidden state, and the update of the final hidden state. By
utilizing these computations, the GRU model can capture temporal dependencies in sequence data
and effectively handle long-term dependencies.

In research, the GRU model can be applied to predict sequential patterns in consumer behavior.
For example, it can be used to analyze and forecast time-series patterns of consumer purchasing
behavior, such as purchase frequency, amount, or the order of buying decisions. By training on
historical consumer behavior data, the GRU model can learn important features and patterns in the
sequential data and utilize them for predicting future consumer behavior.

3.4 Transfer Learning

Transfer learning is a machine learning technique that leverages knowledge gained from pre-trained
models to improve the performance of a model on a target task or dataset. The basic principle of
transfer learning is to transfer the learned representations or knowledge from a source domain to a
target domain, where the source domain typically has a large amount of labeled data available, while
the target domain has limited labeled data. Figure 4 is a schematic diagram of the Transfer Learning.

In transfer learning, the pre-trained model, often trained on a large-scale dataset like ImageNet for
computer vision tasks, is used as a feature extractor or a starting point for training the target model.
The idea is that the pre-trained model has learned general features that are transferable across different
tasks, such as low-level visual features like edges, and textures, or high-level semantic features like
object shapes or concepts. These features capture valuable information that can be relevant to the
target task.

The role of transfer learning in the proposed marketing decision-making model is to enhance
the model’s performance when the available target data is limited. By initializing the model with
the pre-trained weights, the model starts with a better initialization point, which can help in faster
convergence and prevent overfitting on limited target data. Fine-tuning is then performed on the
target task using the limited target data, allowing the model to adapt the learned representations to
the specific characteristics of the target domain.

However, there are limitations and potential drawbacks to consider when using transfer learning.
One limitation is the assumption that the source and target domains share some common underlying
features or distributions. If the two domains are vastly different, the transfer of knowledge may not
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be effective, and the pre-trained model may not provide significant benefits. It is crucial to carefully
select the pre-trained model based on its relevance to the target task.

Another limitation is the risk of negative transfer, where the pre-trained model’s knowledge may
conflict with or hinder learning on the target task. This can happen if the source domain contains
biased or irrelevant information that does not apply to the target task. It is important to evaluate the
performance of the transferred model on the target task and ensure that it is improving or at least not
deteriorating compared to training from scratch.

To balance the applicability and potential drawbacks of transfer learning, it is essential to consider
a few factors. Firstly, selecting a pre-trained model that is trained on a large and diverse dataset,
capturing general features that are likely to be useful across different tasks. Secondly, conducting
thorough evaluation and validation on the target task to ensure that the transferred model is indeed
improving the performance and providing meaningful insights. Lastly, fine-tuning the transferred
model on the target task using limited target data to adapt the learned representations to the specific
characteristics of the target domain.

The formula of Transfer learning is as follows:

N

0 = argmin %Zﬁ(yi, f(2,6,))+7-R(0)) 3)

f i=1

Figure 4. Schematic diagram of Transfer Learning

»  (ML/DL) with randomly ’
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Where:

0, represents the optimized parameters of the target task model. 6, denotes the parameters of the
pre-trained source model. N refers to the number of samples in the target task dataset. x, represents
an input sample from the target task dataset. y, represents the corresponding target output for x, in the
target task dataset. f(x, Hf) represents the output of the model f given input sample x, and parameters
9f. L represents the loss function that measures the discrepancy between the predicted outputs and
the ground truth. A is a hyperparameter that controls the trade-off between the loss term and the
regularization term. R denotes the regularization term that encourages desirable properties in the
model, such as simplicity or smoothness. The equation represents the objective function for transfer
learning, where the goal is to minimize the average loss over the target task dataset while regularizing
the parameters to prevent overfitting or encourage desirable properties.

Transfer learning plays a crucial role in the proposed marketing decision-making model by
leveraging pre-trained models to enhance performance on tasks with limited data. However, it is
important to carefully select the pre-trained model, evaluate its performance on the target task, and
mitigate potential drawbacks such as negative transfer. Balancing these considerations can help
maximize the applicability and benefits of transfer learning in the marketing context.

4. EXPERIMENT

4.1 Datasets

The data sets selected in this article are the BD-FMP Dataset, DS-DM dataset, DSM-CB dataset,
and DM-MDSS dataset.

1. BD-FMP DatasetGupta et al. (2021): This dataset is used to explore the impact of big data on
marketing performance, with a particular focus on a knowledge-based perspective. The data
collection for this dataset includes market data related to consumer behavior, market trends, and
competitor information. Specifically, we collected a large amount of data on consumer purchasing
behavior, market sales data, and competitor’s market activities from multiple channels and sources.
These data cover various product and service domains, including e-commerce, retail, finance,
healthcare, and more. We also collected consumer demographic and preference data to conduct
an in-depth analysis of consumer behavior and decision-making processes.

2. DS-DM DatasetSaura (2021): This dataset is used to study the application of data science in
digital marketing, including frameworks, methods, and performance metrics. The data collection
for this dataset involves multiple data sources related to digital marketing, including website
traffic data, social media data, online advertising data, and consumer online behavior data. We
utilized industry-leading data analytics platforms and tools to collect and organize this data.
Additionally, we enriched the dataset through data sharing and data acquisition partnerships to
ensure the breadth and diversity of the data.

3. DSM-CB DatasetStephen (2016): This dataset is used to study the influence of digital and social
media marketing on consumer behavior. The data collection for this dataset primarily involved
obtaining consumer behavior data from digital and social media platforms through APl interfaces
and web scraping. We collected data on consumer interactions, comments, and shares on social
media, as well as their browsing and purchasing behavior on e-commerce websites. Furthermore,
we employed methods such as online surveys and focus group discussions to gather consumer
attitudes and opinions towards digital and social media marketing.

4. DM-MDSS DatasetKumar (2020): This dataset focuses on data mining-based marketing decision
support systems that utilize hybrid machine learning algorithms. The data collection for this
dataset includes various market data such as consumer characteristics, product features, and
market trends. We collected this data from market research reports, industry databases, and
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internal data sources. Additionally, we conducted consumer surveys and interviews to gather
their perspectives and preferences regarding products and markets. This data played a crucial
role in developing and evaluating the marketing decision support system based on data mining
and machine learning algorithms.

4.2 Experimental Details

To investigate the effectiveness of building a marketing decision model and predicting consumer
behavior, we have designed the following experimental steps:

1. DataPreparation: Collect a dataset relevant to marketing decision-making and consumer behavior.
Ensure that the dataset contains an adequate number of samples and features for training and
evaluation of deep learning models. Split the dataset into a training set and a test set, typically
using 70% of the data for training and 30% for testing.

2.  Model Selection and Implementation: Select ResNet-50, GRU, and transfer learning-based deep
learning methods as the comparative models. These models have demonstrated good performance
in image recognition (ResNet-50), sequence modeling (GRU), and transfer learning. Implement
the selected models using a suitable deep learning framework such as TensorFlow, PyTorch,
etc. Set hyperparameters (e.g., learning rate, batch size, optimizer) and training parameters (e.g.,
number of training epochs, early stopping strategy) for each model.

3. Model Training: Train each model using the training set. Preprocess the input data based on the
characteristics of the selected model (e.g., normalization for images, padding for sequences).
Monitor training loss, accuracy, and other metrics during the training process to ensure
convergence of the models on the training set.

4. Model Evaluation: Evaluate the trained models using the test set. Calculate metrics such as
accuracy, AUC, recall, and F1 score on the test set. Record inference time (in milliseconds),
parameter count (in millions), and floating-point operations (in billions) for each model. Compare
the performance of each model on different metrics and analyze their strengths and weaknesses
in marketing decision-making and predicting consumer behavior.

5. Ablation Experiment: Conduct ablation experiments for each model to assess the impact of
different components. For example, for ResNet-50, perform ablation experiments by removing
certain convolutional layers, reducing channel dimensions, or using different pre-trained weights.
Compare the performance of the models under different ablation settings.

6. Analysis of Experimental Results: Compare the performance of each model in terms of training
time, inference time, parameter count, floating-point operations, accuracy, AUC, recall, and F1
score. Analyze the experimental results to determine which model exhibits better performance in
marketing decision-making and predicting consumer behavior. Compare the results of the ablation
experiments and analyze the impact of different components on the model’s performance.

Here is the formula for the comparison indicator:
Training Time (T, ): The training time refers to the time required for the model to train on the
training dataset.

T = Training Time 4

train

Inference Time (7' . ): The inference time refers to the time required to use a trained model to

infer-

make predictions on the test set or new data.

T . = Inference Time ®))

infer
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Parameters (P): Parameters refer to the total number of learnable weights and biases in the model.
P = Parameters (6)

Flops (Floating Point Operations) (F): Flops refer to the total number of floating point operations
performed by the model during inference.

F = Flops 7

Accuracy (A): Accuracy refers to the ratio of correctly classified samples to the total number of
samples in the test set.

. Correctly Classified Samples

®
Total Samples

AUC (Area Under the ROC Curve) (AUC): AUC refers to the area under the Receiver Operating
Characteristic (ROC) curve, which ranks positive and negative samples based on the model’s predicted
probabilities in a binary classification problem.

AUC = Area Under ROC Curve ©))
Recall (R): Recall refers to the ratio of true positives to the actual number of positive samples.

R— True Posi‘?ixlfes (10)
Actual Positives

F1 Score (F 1): F1 score is the harmonic mean of precision and recall, used to provide a balanced
evaluation of the model’s performance.

A-R

F1=2.
A+R

an

For example, Algorithm 1 is the training process of our proposed model.
Algorithm 1: Training GT-ResNet
Input : BD-FMP Dataset, DS-DM dataset, DSM-CB dataset, DM-
MDSS dataset
Output: Trained GT-ResNet model
resnet50 2 initializeModel (ResNet-50);
pretrainedResnet50 2 transferlLearning (resnet50);
gru & initializeModel (GRU) ;
while not converged do
for dataset 2€ [BD-FMP Dataset, DS-DM dataset, DSM-CB dataset,
DM-MDSS dataset] do
inputData, labels & loadData (dataset);
features 2 pretrainedResnet50 (inputData) ;
hiddenState 2 gru(features);
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predictions & classify(hiddenState);

loss & computeloss (predictions, labels);
gradients 2 backpropogate (loss);
updateParameters (gru, gradients);

end

evaluationMetrics 2 evaluateMetrics (GT-ResNet); recall
2 evaluationMetrics[Recalll];

Precision 2 evaluationMetrics[Precision];

if convergenceCriteriaMet (recall, precision) then
break;

end

return GT-ResNet

4.3 Experimental Results and Analysis

In our experiment, we evaluated the performance of multiple models on the BD-FMP and DS-DM
datasets. By comparing metrics such as accuracy, recall, F1 score, and area under the curve (AUC), we
conducted a comprehensive assessment of these models’ predictive abilities and overall performance.

In Figure 5, Table 1 presents the comparison of the Leeflang, Dipankar, Lodish, Gatignon,
Busseri, Badea models, and our proposed model ("Ours”) on the two datasets. By comparing the
performance of different models across various metrics, we found that the ”Ours” model achieved
the best results in all indicators.

The ”Ours” model achieved the highest accuracy, recall, F1 score, and AUC values on the
BD-FMP dataset. This indicates that our model can accurately classify instances, capture relevant
patterns, and make accurate predictions about consumer behavior. Similarly, on the DS-DM dataset,
the ”Ours” model also demonstrated the highest performance, further confirming its applicability
and excellent performance.

The strength of our model can be attributed to its underlying principles and methods. Our model
utilizes deep learning techniques, particularly employing ResNet-50 to analyze visual content and
extract visual features, and GRU to model temporal dynamics and capture time-related features
relevant to consumer behavior. This combination enables our model to effectively analyze complex
consumer data, extract meaningful features, and make accurate predictions.

Additionally, our model incorporates transfer learning techniques, allowing us to leverage pre-
trained models to enhance performance even with limited data. By leveraging knowledge learned from

Table 1. Accuracy of BD-FMP and DS-DM datasets

Datasets

Model BD-FMP Dataset DS-DM Dataset
Accuracy | Recall F1 Sorce AUC Accuracy Recall F1 Sorce AUC
Leeflang 87.75 93.57 85.89 91.74 94.42 91.09 84.66 86.71
Dipankar 91.26 91.79 84.64 92.81 93.4 91.2 89.89 86.07
Lodish 94.68 87.55 90.95 84.9 89.28 90.6 85.91 93.55
Gatignon 94.11 88.18 85.98 89.85 92.14 84.04 88.07 91.6
Busseri 95.18 88.37 90.45 92.22 89.06 87.17 89.97 91.44
Badea 86.57 88.15 89.13 89.15 95.25 86.09 86.48 87.47
Ours 96.18 94.34 91.87 93.22 95.88 92.55 94.11 95.92
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Figure 5. Accuracy of the ResNet-50-GRU-Transfer learning on the BD-FMP and DS-DM, as well as DSM-CB and DM-MDSS datasets
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Table 2. Accuracy of DSM-CB and DM-MDSS datasets

Model Datasets
DSM-CB Dataset DM-MDSS Dataset

Accuracy Recall F1 Sorce AUC Accuracy Recall F1 Sorce AUC
Leeflang 95.26 91.80 89.16 90.68 90.03 85.52 88.15 88.96
Dipankar 86.94 91.05 89.90 84.89 95.05 91.35 89.09 86.92
Lodish 93.05 90.69 89.64 83.89 92.09 85.28 87.98 88.73
Gatignon 95.41 89.38 84.82 84.29 92.11 92.63 86.65 85.67
Busseri 88.77 89.16 84.27 90.37 93.34 86.38 88.53 86.92
Badea 90.89 87.95 89.61 93.25 90.12 85.60 87.68 91.16
Ours 97.83 95.42 91.79 93.61 95.48 93.47 91.84 93.86
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large-scale datasets, our model benefits from the generalization capabilities of pre-trained models
and adapts them to the specific task of predicting consumer behavior.

Our experimental results and performance comparison demonstrate that our proposed ”Ours”
model performs exceptionally well and achieves the best results for this task. Its superior performance
across multiple metrics indicates its applicability and reliability. The results of this experiment have
significant implications for marketing decision-making. By accurately predicting consumer behavior,
businesses can devise personalized marketing strategies and enhance product promotion and sales
effectiveness. Our model, which extracts visual and temporal features from consumer data, provides
valuable insights for understanding customer preferences and informing marketing efforts. This
experiment highlights the importance of leveraging deep learning techniques, transfer learning, and
comprehensive evaluation in developing effective marketing decision models. Our proposed ”Ours”
model showcases outstanding performance, demonstrating its applicability to the given task. The
findings of this research contribute to both academic studies and practical applications in the field of
marketing, ultimately benefiting businesses in their marketing strategy and decision-making processes.

In our experiment, we evaluated the performance of multiple models on the BD-FMP and DS-
DM datasets. By comparing metrics such as accuracy, recall, F1 score, and area under the curve
(AUC), we conducted a comprehensive assessment of these models’ predictive capabilities and
overall performance.

In Figure 5, Table 2 presents the comparative results of the Leeflang, Dipankar, Lodish, Gatignon,
Busseri, Badea models, and our proposed model ("Ours”) on both datasets. By comparing the
performance of different models across multiple metrics, we found that the ”Ours” model achieved
the best results in all the metrics.

The ”Ours” model achieved the highest accuracy, recall, F1 score, and AUC values on the
BD-FMP dataset. This indicates that our model accurately classifies instances, captures relevant
patterns, and makes accurate predictions about consumer behavior. Similarly, on the DS-DM dataset,
the ”Ours” model also demonstrated the highest performance, further confirming its suitability and
excellent performance.

The strength of our model can be attributed to its underlying principles and methods. Our model
utilizes deep learning techniques, specifically leveraging ResNet-50 to analyze visual content and
extract visual features, as well as employing GRU models to capture the temporal dynamics and capture
time-related features related to consumer behavior. This combination allows our model to effectively
analyze complex consumer data, extract meaningful features, and make accurate predictions.

Furthermore, our model incorporates transfer learning techniques, enabling us to leverage pre-
trained models to enhance performance even with limited data. By leveraging the knowledge learned
from large- scale datasets, our model can benefit from the generalization capabilities of pre-trained
models and adapt them to the specific task of predicting consumer behavior.

Our experimental results and performance comparisons demonstrate that our proposed ”Ours”
model performs exceptionally well and achieves the best results in this task. Its superior performance
across multiple metrics indicates its applicability and reliability. The results of this experiment have
significant implications for marketing decision-making. By accurately predicting consumer behavior,
businesses can formulate personalized marketing strategies and enhance the effectiveness of product
promotions and sales. Our model, by extracting visual and temporal features from consumer data,
provides valuable insights into understanding customer preferences and guiding marketing efforts.
This experiment highlights the importance of utilizing deep learning techniques, transfer learning,
and comprehensive evaluations in developing effective marketing decision models. Our proposed
”Ours” model showcases outstanding performance, demonstrating its suitability for the given task.
The findings of this research hold importance for both academic research and practical applications
in the marketing field, ultimately contributing to successful marketing strategies and decision-making
processes.
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Figure 6. Model efficiency of the ResNet-50-GRU-Transfer learning on the BD-FMP and DS-DM, as well as DSM-CB and DM-MDSS

datasets
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Model Datasets
BD-FMP Dataset DS-DM Dataset
Parameters | Flops Inference Trainning | Parameters | Flops Inference | Trainning
™) G) Time (ms) Time (s) ™M) (G) Time (ms) Time (s)

Leeflang 566.81 5.15 9.01 541.28 535.59 5.56 9.74 589.41
Dipankar 695.60 7.53 11.90 787.99 719.31 7.86 12.37 657.22
Lodish 433.94 8.42 10.83 676.03 401.77 4.70 11.17 570.18
Gatignon 688.80 7.59 9.91 781.16 748.56 8.64 11.05 753.37
Busseri 439.72 4.96 6.83 427.36 402.73 5.19 6.92 468.96
Badea 339.81 3.53 5.32 325.48 317.86 3.63 5.64 337.38
Ours 337.77 3.53 5.37 327.59 318.76 3.65 5.60 335.48

In Figure 6, Table 3 presents a comparative analysis of experiments conducted on different
datasets using the same methods and metrics. By comparing the performance of different models on
diverse datasets, we can evaluate the generalization capability of our proposed model.

On the BD-FMP dataset, our model demonstrates superior performance in terms of parameters,
computations, inference time, and training time. Compared to other models, our model exhibits lower
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Table 4. Model efficiency on DSM-CB and DM-MDSS datasets

Model Datasets
DSM-CB Dataset DM-MDSS Dataset

Parameters | Flops | Inference | Trainning | Parameters | Flops Inference | Trainning

™) (G) Time (ms) Time (s) ™) (G) Time (ms) Time (s)
Leeflang 575.66 5.03 8.06 478.95 475.46 5.71 8.59 482.51
Dipankar 763.06 6.93 10.26 810.61 766.38 7.97 10.82 841.68
Lodish 775.51 4.56 8.13 396.94 718.00 4.82 11.09 666.84
Gatignon 773.49 7.75 10.55 626.25 591.12 8.44 13.23 797.97
Busseri 465.98 5.02 6.52 447.46 476.10 5.43 7.59 428.29
Badea 336.44 3.54 5.36 328.05 320.39 3.64 5.64 338.84
Ours 337.13 3.54 532 327.06 318.37 3.64 5.64 335.45

parameter count (337.77M), computation (3.53G FLOPs), as well as shorter inference time (5.37ms)
and training time (327.59s). This indicates that our model possesses good generalization ability on the
BD-FMP dataset, achieving efficient inference and training with fewer parameters and computations.

Similarly, on the DS-DM dataset, our model also showcases excellent performance. Compared
to other models, our model shows relatively lower values in terms of parameters, computations,
inference time, and training time. Specifically, our model has lower parameter count (318.76M) and
computation (3.65G FLOPs), as well as shorter inference time (5.60ms) and training time (335.48s).
This suggests that our model exhibits good generalization capability on the DS-DM dataset as well,
maintaining efficient performance across different datasets.

Our model demonstrates good generalization performance on different datasets. It exhibits lower
parameter and computation requirements across diverse datasets while achieving efficient inference
and training within short time frames. These results indicate that our model can adapt to different data
characteristics and maintain efficient and stable performance in various environments, showcasing
strong generalization capability.

In Figure 6, Table 4 presents the experimental comparisons on the DSM-CB and DM-MDSS
datasets, using the same methods and metrics. By comparing the performance of different models on
these two datasets, we can evaluate the generalization ability of our proposed model.

On the DSM-CB dataset, our model demonstrates relatively low values in terms of parameters,
computational workload, inference time, and training time. Compared to other models, our model
has lower parameter count (337.13M), computational workload (3.54G FLOPs), as well as shorter
inference time (5.32ms) and training time (327.06s). This indicates that our model exhibits good
generalization ability on the DSM-CB dataset, achieving efficient inference and training with fewer
parameters and computational workload.

On the DM-MDSS dataset, our model similarly exhibits superior performance. Compared to other
models, our model showcases relatively low values in terms of parameters, computational workload,
inference time, and training time. Specifically, our model has a lower parameter count (318.37M)
and computational workload (3.64G FLOPs), as well as shorter inference time (5.64ms) and training
time (335.45s). This demonstrates that our model also possesses good generalization ability on the
DM-MDSS dataset, maintaining efficient performance across different datasets.

Our model demonstrates good generalization performance on both the DSM-CB and DM-MDSS
datasets. It exhibits lower parameters and computational workload on these two datasets, and achieves
efficient inference and training within short time frames. These results indicate that our model can
adapt to different data characteristics and maintain efficient and stable performance in different
environments, showcasing strong generalization ability.
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Figure 7. Comparison of ablation experiments with different indicators
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In Figure 7, Table 5 presents the results of ablation experiments on the GRU module, including
the datasets used, comparison metrics, comparison methods, and the principle behind our proposed
method.

Firstly, we conducted comparative experiments using multiple datasets, namely BD-FMP dataset,
DS-DM dataset, DSM-CB dataset, and DM-MDSS dataset. The comparison metrics used were Mean
Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), Root Mean Square Error (RMSE),
and Mean Square Error (MSE). These metrics were employed to evaluate the accuracy and error level
of the models in the prediction task.

Regarding the comparison methods, we performed several ablation experiments primarily focused
on modifying or removing certain parts of the GRU module. Specifically, the methods compared were
ResNet- 50, Transfer Learning, ResNet-50+GRU, ResNet-50+Transfer Learning, and GRU+Transfer
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Learning. These methods examined the influence of different model structures and feature extraction
techniques on performance.

Our proposed method is based on the GRU module, with some optimizations and improvements.
Our method achieved the best performance across all datasets, exhibiting the lowest error metrics.
Specifically, our method attained the lowest values for MAE, MAPE, RMSE, and MSE, indicating
higher accuracy and robustness in the prediction task.

Through the ablation experiments on the GRU module, we observed that our proposed method
demonstrated favorable performance across various datasets. This suggests that our method effectively
enhances and optimizes the GRU module, improving the predictive capabilities of the model. Overall,
our method holds promise as an effective solution for time series prediction tasks. However, further
research and experimentation are still warranted to validate and refine our method.

5. CONCLUSION AND DISCUSSION

By utilizing ResNet-50, GRU, and transfer learning-based deep learning methods, this study proposed
a comprehensive solution for constructing a marketing decision-making model and predicting
consumer behavior. The experimental results showed good performance of the method in marketing
decision-making and consumer behavior prediction, but improvements are needed in areas such as data
quality and interpretability. Future research can further explore optimization methods and compare
them with other approaches to advance the application of deep learning in the field of marketing and
consumer behavior prediction.

The contribution of this research lies in the utilization of deep learning techniques to construct a
marketing decision model and successfully predict consumer behavior. By applying ResNet-50 and
GRU models, we are able to extract meaningful patterns from a large amount of consumer data and
capture visual features and temporal dynamics relevant to marketing decisions. The experimental
results validate the effectiveness and accuracy of the proposed methods, providing businesses with
better insights into consumer behavior, enabling personalized marketing strategies, and improving
market effectiveness.

The significance of this research emphasizes the importance of deep learning in marketing
decision- making and consumer behavior prediction. Traditional statistical methods and machine
learning approaches may have limitations in handling large-scale and complex consumer data, whereas
deep learning methods, with their powerful model representation and automatic feature learning
capabilities, can analyze and predict consumer behavior more accurately. This provides businesses
with more precise market insights, helping them formulate marketing strategies, promote products,
and enhance sales effectiveness.

Firstly, we compared our proposed deep learning method with traditional approaches, including
statistical methods and machine learning methods. Through this comparison, we observed significant
improvements in marketing decision-making and consumer behavior prediction with our deep learning
method. Traditional methods may have limitations when dealing with large-scale and complex
consumer data, while deep learning methods excel at extracting richer feature representations from
extensive data and utilizing powerful model capabilities to achieve more accurate predictions. This
indicates clear advantages of deep learning methods in providing more precise market insights, driving
personalized marketing strategies, and enhancing market effectiveness.

Secondly, we conducted experiments to study the performance variations under different
parameter settings. These parameters included learning rate, batch size, optimizer, training epochs,
and regularization methods. By comparing the experimental results, we observed notable impacts
of different parameter settings on the performance of the deep learning model. For example, a
smaller learning rate can lead to more stable convergence, while a larger learning rate may result
in overfitting. Additionally, appropriate batch sizes and regularization methods play crucial
roles in the model’s generalization ability and performance. Through comprehensive analysis
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of the experimental results, we determined the optimal parameter configuration to achieve the
best model performance.

Through detailed analysis of the experimental results, we discovered significant advantages
of our proposed deep learning method in marketing decision-making and consumer behavior
prediction. Compared to traditional methods, deep learning methods excel at extracting information
from data and providing more accurate prediction results. Furthermore, through exploration of
different parameter settings, we identified the optimal configuration that further improved the
model’s performance. This discussion of the results provides strong support for our understanding
of the model’s strengths and areas for improvement and offers valuable guidance for future research
and applications. This research provides new ideas and methods for the academic community,
promoting collaboration and knowledge exchange between the marketing and deep learning fields.
Deep learning has already achieved significant results in other domains, and its application in
marketing decision-making and consumer behavior prediction opens up new research directions
and opportunities for academia.

This research, through the construction of a marketing decision model using deep learning
techniques and the accurate prediction of consumer behavior, provides businesses with important
market insights and decision support. It also offers new research directions for the academic
community. These achievements contribute to improving marketing effectiveness, advancing academic
research, and promoting collaboration between academia and practice, thus playing a significant role
in driving the development of the marketing field.
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Economic growth in leading tourist destinations faces challenges requiring investment,
technological advancement, and resource management. This study examines the impact of
tourism, Fintech, FDI, and digitalization on economic growth in Austria, France, Germany,
Greece, lItaly, Mexico, Spain, Turkey, the UK, and the USA. These countries, identified by
UNWTO for 2022, represent 46% of the global tourism market. Utilizing yearly data from
2010 to 2022 from sources like the World Bank, Crunchbase, and UNWTO, we apply Pooled
OLS, PCSEs, FGLS, and Two-Step GMM models using Stata v17.0. Additionally, Necessary
Condition Analysis (NCA) was conducted using SmartPLS v.4.3 software. Our findings reveal
that Fintech, tourism, FDI, and digitalization significantly contribute to economic growth, with
varying degrees of impact across different models. Specifically, digitalization and tourism
demonstrate the most substantial positive effects, while FDI and Fintech also play crucial
roles. The study highlights the necessity of integrating these factors to foster sustainable
economic growth in top tourist destinations. These results provide actionable insights for
policymakers, stakeholders, and government officials, emphasizing the importance of stra-
tegic investments in Fintech, tourism, FDI, and digital infrastructure to enhance economic
performance. The implications of this research extend to informing policy formulation and
strategic decision-making aimed at leveraging technological advancements and investments
for sustained economic development in major tourist economies.
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Introduction

n the era of globalization, the pursuit of sustainable economic

growth remains a central challenge for nations worldwide

(Candelon et al., 2020; Dreher, 2006; Igbal et al., 2022). Top
tourist destinations, which generate significant revenue from
tourism, are particularly well-positioned to leverage various
innovations and technological advancements to strengthen their
economic landscapes (Ansari & Villanthenkodath, 2023; Faisal
et al, 2023; Katircioglu et al, 2018; Kuldasheva et al., 2023;
Roumiani et al., 2023). Among these advancements, Financial
Technology (Fintech), tourism enhancements, Foreign Direct
Investment (FDI), and digitalization emerge as pivotal factors
driving substantial economic development. Fintech is trans-
forming the financial services industry by improving access to
finance, reducing costs, and increasing efficiency (Rahman, 2024;
Siddik et al.,, 2023). Tourism, a traditional cornerstone of eco-
nomic activity in these regions, continues to generate vast
employment opportunities and stimulate other sectors (Ansari &
Villanthenkodath, 2023; Faisal et al., 2023). FDI brings essential
capital and technological advancements, while digitalization
enhances connectivity and operational efficiency, both critical for
modern economic competitiveness (Encinas-Ferrer & Villegas-
Zermefio, 2019; Sengupta & Puri, 2020; Yahaya et al., 2023). The
integration and interaction of these factors could open new
pathways for economic growth.

Endogenous Growth Theory (EGT) provides a robust frame-
work for examining these dynamics, emphasizing the importance
of knowledge, innovation, and technology as drivers of economic
growth (Kerner et al., 2023; Wang et al., 2023; Zhou et al., 2024).
This theory suggests that investments in human capital, innova-
tion, and knowledge are not merely products of economic growth
but also their primary drivers, enabling economies to sustain
growth without relying on external inputs (Romer, 1990; Solow,
1956). Within this framework, our study explores the interplay
between Fintech, tourism, FDI, and digitalization, proposing that
these elements serve both as products and facilitators of economic
growth. While numerous studies have examined the roles of
individual factors—such as tourism (Avezimbetovich, 2022;
Khanal & Khanal, 2022; Tabash et al., 2023), Fintech (Liu & Chu,
2024; Narayan, 2020; Rahman, 2024; Song & Appiah-Otoo,
2022), digitalization (Aleksandrova et al., 2022; Ishnazarov et al.,
2021; Kuziyeva et al, 2022; Lukmanova et al, 2024;
Vorontsovskiy, 2020; Vyshnevskyi et al.,, 2020), and FDI (Enci-
nas-Ferrer & Villegas-Zermefio, 2019; Govori & Fejzullahu, 2020;
Md. Al & Sohag, 2015; Sengupta & Puri, 2020; Yahaya et al,
2023)—there is a significant gap in the literature regarding their
combined impact, particularly in top tourist destinations. This
study seeks to address this gap by exploring how these factors
collectively influence economic growth in regions that generate
substantial tourism revenue and are poised to leverage techno-
logical advancements for sustainable development. Integrating
Fintech with tourism and FDI could create new economic
opportunities and enhance competitiveness.

Existing research often focuses on direct relationships between
these variables and economic growth but overlooks the conditions
required for their effectiveness. Our study addresses this gap by
investigating the conditions under which Fintech, tourism, FDI,
and digitalization is most effective in fostering economic growth.
Furthermore, most studies do not specifically target top tourist
destinations, which have unique economic dynamics. By focusing
on these regions, our research provides insights particularly
relevant for areas heavily reliant on tourism revenue. This study
bridges several gaps in the literature by offering a comprehensive
analysis of the interplay between Fintech, tourism, FDI, and
digitalization within the framework of EGT. The findings will
offer actionable insights for policymakers, stakeholders, and
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government officials, helping them formulate strategies that
effectively harness these factors to promote sustainable economic
development. This holistic approach not only enhances scholarly
understanding but also supports strategic decision-making and
policy formulation aimed at leveraging technological advance-
ments and investments for better economic performance in top
tourist destinations.

The countries included in our analysis are Austria, France,
Germany, Greece, Italy, Mexico, Spain, Turkey, the United King-
dom, and the United States, as identified by the United Nations
World Tourism Organization (UNWTO) for the year 2022. Col-
lectively, these nations represent about 46% of the global tourism
market (UNWTO, 2024), highlighting their significance in shaping
global tourism trends and practices. The selection of these top 10
countries is justified by their substantial contribution to the global
tourism industry, which not only highlights their economic
importance but also ensures the relevance of our study’s findings.
By analyzing these countries, we aim to understand the dynamics at
play in leading tourist destinations and provide a robust framework
for assessing the combined impact of Fintech, tourism, FDI, and
digitalization on economic growth. This focus enables us to derive
insights that are highly applicable and valuable for other regions
looking to leverage tourism and technological advancements for
economic development. To address these gaps, our study is guided
by two primary research questions: (1) What are the necessary
conditions among Fintech, tourism, FDI, and digitalization for
facilitating economic growth in top tourist countries from 2010 to
20222 (2) What are the relationships between Fintech, tourism,
FDI, digitalization, and economic growth? The main objective of
our study is to examine the influence of Fintech, tourism, FDI, and
digitalization on economic growth in top tourist destinations
within the framework of Endogenous Growth Theory. Addition-
ally, this study explores the necessary conditions among these
variables, aiming to provide a holistic understanding of how they
contribute to and sustain economic growth.

Our study significantly enhances scholarly understanding of
the interconnections between tourism, technology, and economic
growth in several ways. Firstly, it is one of the first comprehensive
investigations of the impact of Fintech, tourism, digitalization,
and FDI on economic growth within the framework of Endo-
genous Growth Theory. This holistic approach addresses a gap in
previous research by integrating these critical factors into a single,
cohesive analysis. Secondly, while much of the existing literature
focuses on the relationships between these variables, our research
goes further by investigating whether these factors serve as
necessary conditions for fostering economic growth in leading
tourist destinations. This approach offers deeper insights into the
prerequisites for economic development in these contexts.
Methodologically, our study advances the field by adopting a
multi-method analytical approach, incorporating both a newly
proposed Necessary Condition Analysis (NCA) and traditional
econometric models. This dual approach not only diversifies the
analytical techniques but also emphasizes the robustness and
validity of our findings, providing a comprehensive view of the
dynamics at play. Finally, our research offers significant practical
and policy implications. We provide actionable insights for sta-
keholders, regulatory bodies, and government officials, empha-
sizing the critical role of technological advancements, tourism,
and FDI in driving economic growth. These insights are especially
relevant for strategic decision-making and policy formulation
aimed at leveraging these sectors for enhanced economic per-
formance. By highlighting the synergistic effects of these factors,
our study supports the development of more informed and
effective policies to promote sustainable economic growth in
leading tourist destinations.
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The rest of the paper is structured as follows: Section 2 reviews
the relevant literature and further develops the hypothesis. Sec-
tion 3 describes the methodology, including data sources, model
specifications, and the rationale for using NCA alongside
econometric analysis. Section 4 presents the results of the study.
Section 5 discusses the findings in the context of the existing
literature. Finally, Section 6 concludes the study, discussing
implications and suggesting directions for future research.

Theoretical Background and Hypothesis Development
Theoretical Background. Endogenous Growth Theory (EGT),
primarily developed by economists such as Paul Romer and
Robert Lucas, provides a comprehensive framework for under-
standing the internal drivers of economic growth, focusing on
factors like human capital, innovation, and knowledge (Kerner
et al., 2023; Romer, 1990; Solow, 1956). This theory is especially
relevant for analyzing the transformative impacts of Fintech,
tourism, FDI, and digitalization in top tourist countries
(Awodumi, 2023; Igbal et al, 2022; Lee et al., 2018; Mattalia,
2012; Narayan, 2020). It posits that sustainable economic growth
stems from continuous investments in these areas, which not only
enhance productivity and efficiency but also lead to increasing
returns. For instance, Fintech revolutionizes financial services by
improving access and reducing costs, while tourism boosts
infrastructure and job creation, contributing to broader economic
uplift (Narayan, 2020). Similarly, FDI introduces critical capital
and advanced technologies that facilitate technology transfer, and
digitalization permeates various sectors, enhancing connectivity
and information flow, both crucial for modern economies
(Awodumi, 2023; Igbal et al., 2022). The integration and inter-
action of these factors can potentially open new pathways for
economic growth.

EGT interprets how these sectors synergistically stimulate
economic growth. The theory emphasizes that integrating local
industries with global markets through FDI, coupled with
advancements in digital technologies, creates fertile ground for
innovation and skill development. This integration not only
fosters an environment conducive to economic expansion but
also ensures sustainable growth through the development of
human capital and continuous technological advancement
(Awodumi, 2023; Lee et al., 2018). By exploring these dynamics,
EGT provides valuable insights into the mechanisms through
which investments in Fintech, tourism, digitalization, and FDI
jointly drive the economic development of top tourist nations.
This highlights the importance of these sectors in shaping robust,
forward-looking economic policies and investment strategies. The
factors influencing economic growth are detailed in Table A1 (see
supplementary information), which summarizes the outcomes of
recent studies, including the significant positive impacts of
tourism, Fintech, digitalization, and FDI on economic develop-
ment across various regions and economic contexts.

Hypothesis Development

Tourism and Economic Growth. Research across various regions
consistently supports the hypothesis that tourism has a significant
positive impact on economic growth. Empirical evidence reveals a
strong correlation between increases in tourism-related metrics
and GDP growth. For example, Avezimbetovich (2022) found
that in Belt and Road Initiative countries, a 1 percentage point
increase in tourism receipts relative to GDP correlates with a 0.15
percentage point rise in GDP. Similar results were reported by Al-
Mulali et al. (2014), who observed a long-term positive effect of
tourism receipts on GDP in Middle Eastern countries, and by
Khanal and Khanal (2022), who found that a 1% increase in

tourist arrivals in Nepal leads to a 1.15% increase in GDP. Fur-
thermore, Risso (2018) quantified tourism’s impact by showing
that a 100% increase in arrivals, receipts, and expenditures leads
to substantial increases in per capita GDP—9%, 7%, and 10%,
respectively. Additional studies from various regions, including
the Caribbean (Cannonier & Burke, 2019), Europe (Paci &
Marrocu, 2014), and Italy (Colacchio & Vergori, 2023), also
highlight tourism’s positive impact on regional economic growth.
Beyond its direct economic contributions, tourism plays a
broader role in fostering economic development. It enhances
income, employment, and business opportunities, which are
essential for diversifying and revitalizing local economies (Kadriu,
2016; Meyer & Meyer, 2016). This broader impact is evidenced by
studies from India, where tourism significantly contributes to
both economic growth and revenue generation (Godara & Fetrat,
2022). Gong and Chen (2023) further support this view, showing
that green growth and financial development promote sustainable
tourism in ASEAN economies. Similarly, Wang and Zhao (2024)
emphasize the importance of better coordination between tour-
ism and logistics to achieve high-quality economic development
in Anhui Province, China. Additionally, Chen et al. (2024)
demonstrate the effectiveness of digital travel vouchers in
boosting tourism in China during the COVID-19 pandemic,
underscoring the dynamic role of tourism in economic growth.
Overall, this body of research highlights the significant role of
tourism in driving economic growth, particularly in developing
countries, and suggests a regionally varied but consistently posi-
tive relationship between tourism and economic advancement.
Thus, we propose the following hypothesis:

Hypothesis 1: Tourism significantly enhances economic
growth.

Fintech and Economic Growth. Recent research highlights the
substantial positive impact of Fintech on economic growth across
various national contexts, particularly during critical periods such
as the pandemic. Liu & Chu, (2024) noted that financial tech-
nology not only promotes economic expansion but also mitigates
the severity of economic downturns in highly digitalized societies.
Furthermore, the role of Fintech lending in economic enhance-
ment has been significant, albeit mixed, suggesting a need for
deeper investigation (Rahman, 2024). Country-specific studies
reinforce these findings. In Indonesia, Fintech startups have
shown a positive correlation with economic growth, particularly
from their second year of operation (Narayan, 2020). In China,
comprehensive Fintech services including payments, credit, and
insurance sectors have demonstrated statistically significant
positive effects on economic growth, albeit with regional varia-
tions (Song & Appiah-Otoo, 2022). Additionally, Bu et al., (2023)
identified a U-shaped relationship between Fintech development
and economic growth, indicating that sustained improvements in
Fintech significantly enhance economic performance. However,
the relationship between Fintech and economic growth is com-
plex. Hosen et al, (2023) argue that the potential benefits of
Fintech on economic growth are highly contingent on the reg-
ulatory and policy environment. Meanwhile, Gopalan & Rajan,
(2022) caution that digital financial inclusion through Fintech can
exacerbate output volatility, particularly in economies with low
banking penetration. Despite these considerations, the dominance
of evidence suggests a generally positive impact of Fintech on
economic growth, accentuated during the pandemic and depen-
dent on the regulatory context. This leads to the hypothesis that
Fintech, when supported by appropriate policies and regulations,
significantly contributes to economic growth, with its potential
maximized in well-regulated environments. Thus, we offer the
following hypothesis:
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Hypothesis 2: Fintech significantly enhances economic growth.

Digitalization and Economic Growth. The literature has demon-
strated the impact of digitalization on economic growth presents
mixed findings, with some studies indicating that high levels of
digitalization do not decisively affect economic growth rates (Alek-
sandrova et al., 2022; Vorontsovskiy, 2020; Vyshnevskyi et al., 2020).
Despite these findings, a substantial body of research highlights the
beneficial impact of digital development on economic growth. Stu-
dies have shown that countries with advanced digital infrastructures
exhibit higher GDP per capita and experience dynamic GDP growth
(Ishnazarov et al,, 2021; Kuziyeva et al, 2022; Lukmanova et al,,
2024; Mgadmi et al., 2021; T6rok, 2024). Further research focusing
on European Union countries has demonstrated a positive correla-
tion between the accessibility and usage of information and com-
munications technology (ICT) and GDP per capita, suggesting that
digital tools are a potential lever for stimulating economic growth
(Andrey et al., 2020). Longitudinal studies over two decades have
further underscored that the ICT index positively impacts GDP
growth, emphasizing the role of innovative activities facilitated by
ICT and digitalization in driving long-term economic prosperity
(Ishnazarov et al., 2021). These findings suggest that despite some
contradictory evidence, digital technologies play a significant and
positive role in fostering economic growth, particularly in the long
run (Mgadmi et al, 2021). This insight is crucial for policymakers
aiming to support the digital economy and develop targeted policies
that harness the potential of digitalization. Therefore, while
acknowledging the variability in impacts, the predominant evidence
supports a positive relationship between digitalization and economic
growth, forming the basis of our hypothesis.

Hypothesis 3: Digitalization significantly enhances economic
growth.

FDI and Economic Growth. Studies show mixed results regarding
the impact of FDI on GDP and economic growth (Encinas-Ferrer &
Villegas-Zermefio, 2019; Govori & Fejzullahu, 2020; Md. Al &
Sohag, 2015; Sengupta & Puri, 2020; Yahaya et al, 2023). The
relationship between FDI and GDP largely depends on the host
country’s absorptive capacity, which includes factors like human
capital, financial development, and trade openness (Dura & Bizuneh,
2023; Yahaya et al,, 2023). Additionally, FDI's effects vary across
sectors, with positive impacts in some and negative in others (Dura
& Bizuneh, 2023; Govori & Fejzullahu, 2020). Economic policies in
recipient countries further explain these differences (Sengupta &
Puri, 2020). In less developed countries, FDI often positively influ-
ences GDP growth (Matusovi¢ova & Matusovicovd, 2023), while in
developed economies, FDI generally has a positive effect, but in
emerging economies, it can have a negative impact (Memdani,
2016). Igbal et al. (2022) found significant positive effects and
bidirectional causality between FDI, CO2 emissions, renewable
energy, exports, and economic growth in BRICS countries. Raza
et al., (2021) also highlighted the importance of good governance in
OECD countries, showing that FDI’s positive impact on economic
growth is enhanced by better governance. Thus, the relationship
between FDI and economic growth is complex and varies based on
factors such as absorptive capacity, sector, and governance. FDI's
impact on GDP is not universally consistent and differs across
countries and regions. Thus, we offer the following hypothesis:
Hypothesis 4: FDI significantly promotes economic growth.

Research Methods

Study Context. This study aims to examine the influence of
Fintech, tourism, FDI, and digitalization on economic growth in
top tourist destinations within the framework of EGT. Addi-
tionally, this study explores the necessary conditions among these
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variables, aiming to provide a holistic understanding of how they
contribute to and sustain economic growth. This study was car-
ried out on the top ten tourist destinations, utilizing yearly panel
data from 2010 to 2022. The choice of this sample and timeframe
was primarily guided by the availability of comprehensive data for
the variables under study, with particular focus on the emerging
impact of Fintech on economic growth in the tourism industry
(Bouhtati et al, 2023; Padmaja et al, 2020). The countries
included in our analysis are Austria, France, Germany, Greece,
Italy, Mexico, Spain, Turkey, the United Kingdom, and the
United States of America, as identified by the UNWTO for the
year 2022, as can be seen in Fig. 1. Together, these nations
represent about 46% of the global tourism market (UNWTO,
2024), highlighting their significance in shaping worldwide
tourism trends and practices and underlining the importance of
this study in understanding the dynamics at play within these
leading tourist destinations. Finally, for the data analysis, a multi-
methods approach was utilized that integrated quantitative
econometric panel data analysis with NCA.

Data and Variables. To investigate the impact of tourism, Fintech,
FDI, and digitalization on economic growth, we utilized data from
three prominent sources: the UNWTO', CrunchBase?, and the WDI’.
Our dependent variable, economic growth, is quantified by GDP per
capita (constant 2015 USS$), data for which were sourced from WDI.
Central to our analysis is the independent variables of Fintech
adoption, identified as key drivers of economic growth. To measure
the adoption of this technology, we analyzed the annual number of
Fintech startups listed on CrunchBase. CrunchBase is widely recog-
nized for its extensive datasets on both private and public companies,
offering detailed insights into startups, including their founding dates,
industry sectors, and investment rounds (Mungo et al., 2024; Noguti
et al, 2023). This data allowed us to assess the proliferation and
integration of Fintech across different markets, serving as a concrete
metric for their adoption within our study’s framework.

Other independent variables, such as tourism, FDI, and
digitalization, were extracted from the UNTWO and WDI
databases. The sources of all variables, along with their detailed
descriptions, are systematically presented in Table 1 of our study,
with summary statistics provided in Table 2. This comprehensive
data collection and analysis framework allows us to explore the
interactions between these variables to promote economic growth
in top tourist countries.

Data Analysis. Our baseline model for analyzing the impact of
tourism, Fintech, digitalization, and FDI on economic growth in
top tourist destinations is formulated with the development of a
baseline model represented as follows (Eq. (1):

Economic growth (EGR) = f(ITRSM, FNT, IDIG,IFDI) (1)

The model encompasses variables including economic growth,
tourism, Fintech, digitalization, and FDI. To address our research
questions effectively, we employ a structured approach in our
data analysis, leveraging Necessary Condition Analysis (NCA)
using SmartPLS v.4.3 software and specific econometric techni-
ques designed to the nature of each question. For RQ1, which
inquiries about the necessary conditions among study variables
for promoting economic growth, we utilized NCA. NCA allows
us to identify which variables among tourism, Fintech, digitaliza-
tion, and FDI are critical for economic growth to occur, focusing
on the conditions without which economic growth would be
significantly impeded or entirely unattainable. This analysis
technique is particularly suited to isolating the indispensable
factors that serve as prerequisites for achieving desired outcomes
in complex systems such as national economies (Dul et al., 2023;
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Fig. 1 Fintech adoption by top tourist countries.
Table 1 Variables and Description.
Variables Abbreviation Description Sources
Economic growth EGR GDP per capita (constant 2015 US$). WDI
Tourism TRSM Number of arrivals inbound. UNWTO and WDI
Fintech FNT Number of Fintech startups per year. Crunchbase
Foreign direct investment FDI Foreign direct investment, net inflows (% of GDP). WDI
Digitalization DIG Individuals using the Internet (% of population). WDI
Notes: UNTWO United Nations World Tourism Organization, WDI World Development Indicator.
Table 2 Descriptive statistics.
Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis
IGDP 28.076 28.050 30.671 25.944 1.186 0.268 3.050
ITRSM 10.893 10.673 12.292 8.762 0.813 —0.033 2.317
FNT 31.808 21.500 132.000 1.000 31.515 1.431 4,317
IFDI 1123 1.301 3.186 —2.687 0.927 —2.070 8.509
IDIG 4.294 4.370 4.571 3.436 0.232 —1.346 4.374

Rahman, 2024). In addressing RQ 2, which seeks to interpret the
relationships between study hypotheses, we deploy a set of
econometric models using Stata v17.0 software by following

Eq. (2):

EGR;, = a, + B,ITRSM,, + B,FNT;, + B;IDIG;, + B,IFDI, + ¢,
()

EGR;; represents the economic growth for country ; at time ,. The
intercept term is denoted by ag, while i, ., B3, 4, and S5 are
the coefficients for the respective variables, and ¢; is the error
term. Initially, we apply pooled Ordinary Least Squares (OLS)
regression to establish baseline relationships between the
independent variables and the dependent variable (Kpognon
et al.,, 2020). To refine our estimates, we utilized Panel-Corrected
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Fig. 2 Scatter plots. NCA scatter plots with ceiling lines for FDI (a), Fintech (b), digitalization (¢), and tourism (d).

Standard Errors (PCSEs), which adjust standard errors to account
for heteroskedasticity and autocorrelation within panels, thereby
offering more reliable inference for panels with extensive time
dimensions as suggested by (Mahalik et al., 2024; Nutd et al,
2024; Wang et al., 2024). Further efficiency improvements were
sought through Feasible Generalized Least Squares (FGLS), which
corrects for heteroskedasticity and autocorrelation by transform-
ing the data based on a pre-estimated variance structure of errors
(Mahalik et al., 2024; Nutd et al, 2024). Lastly, the 2-Step
Generalized Method of Moments (GMM) was applied to address
potential endogeneity issues by using instrumental variables, thus
ensuring the robustness of our findings (Jahanger et al., 2023;
Wang et al.,, 2024). This comprehensive approach, utilizing the
strengths of each model, allowed for a detailed analysis of the
data, affirming the positive contributions of tourism, Fintech,
FDI, and digitalization to economic growth in top tourist
countries and validating our research hypotheses with methodo-
logical rigor. By employing this comprehensive and methodolo-
gically rigorous approach, we aim to provide a sophisticated and
well-substantiated answer to each research question, shedding
light on the complex interplay between key economic factors and
growth.

Results

Outcomes of NCA. In NCA, a ceiling line is established above the
data points in an XY scatter plot, with the upper-left quadrant
indicating that high outcomes of Y are unlikely with low values of
X (Dul, 2016). As shown in Fig. 2, the extent of this area reflects
the constraints X imposes on Y; a larger area indicates more
significant constraints (Vis & Dul, 2018). NCA defines ceiling
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lines using two methods: Ceiling Envelopment with a Free Dis-
posal Hull (CE-FDH) and Ceiling Regression with a Free Dis-
posal Hull (CR-FDH). CR-FDH is preferred when a linear ceiling
line closely matches the data, and a smoother transition increases
the defined ceiling area (Vis & Dul, 2018). The straight ceiling
line data patterns in Fig. 2(a—d) support using CR-FDH for this
study’s analyses. Determining the necessity of a condition
involves two criteria: the effect size must exceed a threshold of
0.1, indicating a meaningful impact, and a p-value below 0.05
from permutation testing confirms the statistical significance of
the effect size, ensuring it is not due to random variation (Ding,
2022).

In our NCA analysis, we quantified the impact of various
determinants on economic growth. FDI demonstrated substantial
positive effect sizes of 0.356 (CE-FDH) and 0.303 (CR-FDH),
underscoring its importance as a necessary condition for
economic growth with high statistical significance (p <0.001 for
CE-FDH and p < 0.05 for CR-FDH), as shown in Table 3. Fintech
(FNT) exhibited modest yet statistically significant effect sizes of
0.037 and 0.035, indicating its contributory but less pronounced
role in economic expansion. Digitalization emerged as the most
critical factor, with the highest effect sizes of 0.416 (CE-FDH) and
0.383 (CR-FDH), both with very high statistical significance
(p <0.001), affirming its indispensability for economic growth.
Tourism (TRSM), with effect sizes of 0.230 and 0.205, also
significantly contributed to economic development, though to a
lesser extent than FDI and digitalization. The variations in effect
sizes between the CE-FDH and CR-FDH methodologies highlight
the methodological sensitivity in identifying essential conditions
for economic growth. This analysis emphasizes the critical roles
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Table 3 NCA effect size (for Economic growth). Table 5 Correlation matrix and VIF values.
CE-FDH CR-FDH IGDP ITRSM FNT IFDI IDIG VIF 1/VIF
FDI 0.356*** 0.303** IEGR 1.000 1460 0.686
FNT 0.037** 0.035 ITRSM  0.547 1.000 1.560 0.639
DIG 0.416™** 0.383*** FNT 0310 0.206 1.000 1.800 0.556
TRSM 0.230** 0.205** IFDI 0.241 0.109 0.160 1.000 1550 0.646
IDIG 0.286 011 —0.103 —-0.030 1000 1120 0.892
Notes: ***=p < 0.001, **=p < 0.05, CR-FDH: ceiling regression with a free disposal hull, and
CE-FDH: ceiling envelopment with a free disposal hull.
Table 6 Outcomes of econometric models.
Table 4 Bottleneck table (percentage).
Variables Model 1 Model 2 Model 3 Model 4
Economic Growth (%) TRSM FDI FNT DIG Pooled OLS PCSEs FGLS Sys-GMM
0.00 NN NN NN NN ITRSM 0.652*** 0.652*** 0.652*** 0.426**
10.00 NN 0.769 NN NN (0.101) (0.054) (0.099) (0.1)
20.00 NN 2.308 8.462 0.769 FNT 0.008** 0.008*** 0.008** 0.006*
30.00 NN 2.308 13.077 0.769 (0.003) (0.002) (0.003) (0.003)
40.00 NN 4.615 13.846 3.077 IFDI 0.206** 0.206** 0.206** 0.124***
50.00 1.538 5.385 17.692 7.692 (0.087) (0.07) (0.085) (0.029)
60.00 3.846 6.154 20.769  10.000 IDIG 1.326*** 1.326*** 0.206** 1.218***
70.00 10.000  6.923 22.308  20.000 (0.348) (0.318) (0.085) (0.255)
80.00 30769  10.769 27692 26923 Constant 14.775*** 14.774** 14773 17.901***
90.00 51538 20769 29.231 50.769 (1.731) (1394) (1.698) (1.906)
100.00 61.538 47692 30769 86154 R2 0.431 0.43 _ _
Note: NN means “Not necessary.” ar2p - B - 0.420
i i hansenp — — — 0.999
of FDI, Fintech, digitalization, and tourism as catalysts for flotes Robust 3¢ n parenthesesi p=01 p<00% p<00

economic development and demonstrates the rigor and precision
of our approach within the framework of Endogenous Growth
Theory.

The bottleneck table outlines the progressive necessity of
TRSM, FDI, FNT, and DIG for achieving growing percentages of
economic growth, from 0% to 100%. Initially, for economic
growth up to 10%, none of the analyzed factors are deemed
necessary, as indicated by “Not Necessary” (NN) across the
board, as shown in Table 4. However, as we advance towards
higher economic growth levels, the essentiality of each factor
gradually intensifies. FDI shows its initial necessity at a mere
0.769% for 10% economic growth, escalating substantially to
47.692% for achieving 100% growth, underscoring its growing
importance with higher growth thresholds. Fintech’s relevance
begins to emerge at 20% growth (8.462%), with its necessity
peaking at 30.769% for complete economic development. In
comparison, DIG’s critical role becomes evident starting from a
modest 0.769% necessity for 20% growth, escalating dramatically
to 86.154% for full economic growth, highlighting its paramount
importance in the latter stages. Tourism starts to show its
necessity from the 50% growth threshold, with its significance
increasing sharply, reaching 61.538% for achieving total
economic growth. This analysis demonstrates the increasing
importance of these sectors in economic development, where
early growth phases may not heavily rely on these factors, but
their significance becomes crucial and variedly pronounced as
targets for economic growth advance, indicating the critical roles
of tourism, FDI, Fintech, and DIG in driving comprehensive
economic progress in top tourist countries.

Outcomes of Econometrics Models. The correlation matrix
clarifies the interrelationships among key study variables,
accompanied by VIF and its reciprocal (1/VIF) (see Table 5). The
analysis shows a moderately strong positive correlation between
IGDP and ITRSM (0.547), indicating that tourism enhancements

positively correlate with economic growth. The correlations
between IGDP and FNT (0.310), IFDI (0.241), and 1IDIG (0.286)
are positive but weaker, suggesting these sectors also contribute to
economic growth, albeit less than tourism. Interestingly, a nega-
tive correlation between FNT and IDIG (—0.103) suggests a
potential competitive or substitutive relationship between Fintech
advancements and digitalization developments. Furthermore, VIF
metrics, spanning from 1.120 to 1.800 for these variables, with
corresponding 1/VIF indicating a modest degree of multi-
collinearity, infer that while the dataset exhibits some inter-
variable redundancy, it remains within acceptable bounds for
multivariate analysis. The VIF values, all below the threshold of 5,
confirm that multicollinearity is not a concern in our dataset,
ensuring the reliability of regression estimates (Hair et al., 2012;
Henseler et al., 2009).

To test our research hypotheses concerning the determinants
of economic growth—we employed a comprehensive set of
econometric methodologies, as can be shown in Table 6. These
included pooled OLS for initial estimations, PCSEs to address
panel-specific heteroskedasticity and autocorrelation, FGLS for
further efficiency improvements by correcting these issues
through data transformation, and the 2-Step GMM for a
robustness check aimed at mitigating potential endogeneity
concerns (Arellano, 1991). Each of these methods brings its
unique strengths in handling the complex dynamics and potential
statistical issues inherent in panel data analysis, thereby ensuring
a thorough and complex understanding of the factors influencing
economic growth. The econometric results provide a detailed
examination of the influences of tourism, Fintech, digitalization,
and FDI on economic growth in top tourist countries, leading to
the acceptance of all hypothesized relationships. Specifically,
Hypothesis 1 is supported across various models including pooled
OLS, PCSEs, FGLS, and 2Step-GMM, where the coefficient for
tourism consistently demonstrates a significant positive impact
on economic growth. For example, in the pooled OLS model,

| (2024)11:1549 | https://doi.org/10.1057/s41599-024-03978-3 7



ARTICLE

Table 7 Findings comparison between NCA and econometrics.

Relationships Outcomes of NCA

Outcomes of econometrics

Remarks

H1: TRSM—GDP  Tourism is necessary for high economic

growth.

H2: FNT-GDP  Fintech is not a necessary condition for
economic growth.

H3: DIG—>GDP Digitalization is a necessary condition for
enhancing economic growth.

H4: FDI-GDP FDI is a necessary condition for economic

growth. growth.

Tourism significantly promotes
economic growth.

Fintech has a significant positive impact
on economic growth.

Digitalization has a significant impact on
economic growth.

FDI has a significant impact on economic

H1 is supported.
H2 is partially supported as it is not
necessary for economic growth.

H3 is supported.

H4 is supported.

TRSM exhibits a coefficient of 0.652 with a statistically significant
p-value of 0.000, confirming the strong and positive influence of
tourism on economic growth. This robust finding is further
corroborated by the GMM model, with a slightly lower
coefficient, affirming tourism’s critical role in fostering economic
expansion.

Similarly, Hypothesis 2 to 4 are also accepted. Fintech shows a
smaller but statistically significant positive effect on GDP across all
models, including a crucial validation in the PCSEs with a p-value
of 0.000, thereby supporting H2. Digitalization, with the highest
positive coefficients in all models such as 1.326 in the Pooled OLS
and reaffirmed by 1.218 in the GMM, robustly supports H3 by
highlighting its substantial role in driving economic growth.
Finally, the positive coefficients for FDI in models like Pooled OLS
and FGLS, consistently above 0.200, validate H4, underscoring
FDI’s significant contribution to economic performance. These
results underline the importance of these factors in enhancing
economic growth in top tourist countries, offering empirical
support for focused economic policies in these areas.

General Discussion

This study explores the impact of tourism, Fintech, digitalization,
and FDI on economic growth within the framework of EGT,
focusing specifically on top tourist countries. The findings,
derived from a comparison between NCA and econometric
methods, elucidate the complex roles these factors play in sti-
mulating economic growth. Table 7 shows the findings compar-
ison between NCA and econometrics. Our findings support
Hypothesis 1, indicating that tourism is not only a significant
catalyst for economic growth but also a necessary condition for
achieving high levels of economic development. This aligns with
the principles of EGT, which suggests that investments in tourism
can induce further economic activity through enhanced infra-
structure, job creation, and stimulation of related service sectors
(Albaladejo et al., 2014; Pina & Martinez-Garcia, 2013; Singh &
Alam, 2024). The confirmation of tourism as a critical factor in
economic growth underscores its pivotal role in the economic
dynamics of top tourist destinations, suggesting that continuous
and focused investments in this sector are essential for sustained
economic prosperity (Singh & Alam, 2024).

According to Hypothesis 2, the findings are mixed. While
Fintech significantly contributes to economic growth, it is not
deemed a necessary condition for such growth. This indicates that
Fintech’s impact, while positive, may vary depending on the level
of technological adoption and the maturity of financial markets
across different countries. The significant yet non-essential role of
Fintech suggests that its benefits can complement other economic
drivers but are not indispensable for growth in all contexts. Our
findings supported recent literature, who found that Fintech
lending is not a necessity for economic growth, but a significant
catalyst for economic growth (Rahman, 2024). The literature has
demonstrated that Fintech startups were found to be positively
correlated with economic growth, especially in their second year

8

of operation in Indonesia (Narayan, 2020). In China, Fintech,
including third-party payment, credit, and insurance, has been
shown to have a statistically significant positive effect on eco-
nomic growth, with different regional impacts (Song & Appiah-
Otoo, 2022).

Furthermore, digitalization strongly supports Hypothesis 3,
where it is not only significantly linked to economic growth but
also identified as a necessary condition for such growth. This
finding reaffirms EGT’s emphasis on technological innovation as
a core driver of economic development. Digitalization, by
streamlining processes and enhancing connectivity, serves as a
crucial backbone for modern economies, indicating that robust
digital infrastructure is integral to achieving sustainable economic
growth. Several studies have found a positive impact of digital
development on economic growth, with evidence showing that
more digitally developed countries had higher GDP per capita
and experienced dynamic growth in GDP (Ishnazarov et al., 2021;
Kuziyeva et al, 2022; Lukmanova et al., 2024; Mgadmi et al,
2021; Torok, 2024).

Finally, hypothesis 4 is supported, demonstrating that FDI is
both a significant and necessary condition for economic growth.
This aligns with the view that FDI introduces essential capital,
technology, and expertise that are vital for boosting productivity
and integrating local industries into the global market. The
essential role of FDI highlights its transformative potential in
enhancing the competitiveness and innovative capacities of
domestic industries. Several studies have shown contradictory
results regarding the impact of FDI on GDP and economic
growth (Encinas-Ferrer & Villegas-Zermeno, 2019; Govori &
Fejzullahu, 2020; Md. Al & Sohag, 2015; Sengupta & Puri, 2020;
Yahaya et al,, 2023). The relationship between FDI and GDP
appears to depend on the host country’s absorptive capacity,
including factors such as human capital, financial development,
and trade openness (Dura & Bizuneh, 2023; Yahaya et al.,, 2023).
Furthermore, the impact of FDI on GDP varies across economic
sectors, with positive effects observed in some sectors and nega-
tive effects in others (Dura & Bizuneh, 2023; Govori & Fejzullahu,
2020). Different economic policies in recipient countries play a
role in explaining the varying impact of FDI on economic growth
(Sengupta & Puri, 2020). FDI has been found to have a positive
impact on GDP growth in some cases, particularly in the context
of less developed countries (Matu$ovicova & MatuSovicova,
2023). As a result, our discussion emphasizes the essential roles
played by tourism, digitalization, and FDI as fundamental drivers
of economic growth in top tourist countries, supported by the
principles of EGT. The mixed findings regarding Fintech’s role
suggest that while it contributes positively to economic expan-
sion, its impact may depend on specific regional and technolo-
gical contexts. These results provide valuable implications for
policymakers and industry stakeholders, pointing towards stra-
tegic investments in digital infrastructure, tourism, and effective
frameworks for attracting and leveraging FDI, along with fos-
tering environments conducive to Fintech innovation.
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Conclusion, Implications, and Limitations

Conclusion. We examined the impact of tourism, Fintech, digi-
talization, and FDI on economic growth in top tourist countries
within the framework of EGT. Using NCA and econometric
methods, the results show that tourism, digitalization, and FDI
are significant and necessary for economic growth. Tourism plays
a crucial role, requiring continuous investment, while digitaliza-
tion significantly drives growth and highlights the need for strong
digital infrastructure. FDI introduces vital capital, technology,
and expertise, boosting productivity and global integration.
Although Fintech contributes to growth, it is not a necessary
condition, suggesting its impact depends on technological adop-
tion and financial market maturity. These findings emphasize the
need for strategic investments in tourism, digital infrastructure,
and frameworks to attract FDI. Policymakers and industry sta-
keholders can use these insights to promote sustained economic
development in top tourist destinations, leveraging technology
and investment for enhanced economic performance.

Policy Implications. Based on our study’s findings, several key
implications emerge for policymakers, industry stakeholders,
financial institutions, and international organizations. Policy-
makers should prioritize continuous investment in tourism
infrastructure and services, as tourism is identified as a significant
driver of economic growth. This can be achieved through public-
private partnerships, sustainable tourism practices, and enhanced
marketing strategies. Additionally, investment in digital infra-
structure is crucial, including expanding internet access,
improving digital literacy, and supporting the adoption of digital
technologies across sectors. The study also underscores the
importance of creating a favorable environment for FDI by
offering incentives, simplifying regulatory frameworks, and
ensuring political stability. For industry stakeholders, particularly
in the tourism sector, the focus should be on enhancing the
quality of services and leveraging digital technologies to improve
operational efficiency and customer engagement. Collaboration
with governments to develop innovative tourism products will
attract more visitors and increase revenue. Businesses should also
seek to attract FDI by highlighting growth opportunities and
engaging with international investors to bring in capital and
expertise. Financial institutions, meanwhile, should invest in
Fintech solutions, develop digital payment systems, and provide
accessible financial services to a wider population. They should
work with policymakers to create a regulatory environment that
fosters Fintech innovation while maintaining consumer protec-
tion. International organizations like the UNWTO can support
these efforts by offering technical assistance, funding, and best
practices to maximize the benefits of tourism, digitalization, and
FDI, ultimately driving sustained economic growth in leading
tourist destinations.

Limitations and Directions for Future Studies. While our study
offers comprehensive implications, it has several limitations that
future research could address. The focus on top tourist countries
may limit the generalizability of the findings. Future research
could include a broader range of countries with diverse economic
characteristics to determine if the observed relationships hold
across different contexts. Additionally, using more sophisticated
econometric techniques, such as dynamic panel models or non-
linear models, could better capture the complex interactions
among variables over time. Further, the use of annual data might
miss short-term fluctuations. Future studies could utilize higher
frequency data, like quarterly or monthly data, for more detailed
insights. Exploring how specific types of Fintech, such as

blockchain or mobile payments, affect various economic sectors,
could provide targeted policy recommendations. Investigating
potential mediators, like institutional quality and regulatory fra-
meworks, would offer deeper insights into the conditions under
which these factors promote economic growth. Lastly, employing
a mixed-methods approach that combines quantitative analysis
with qualitative case studies or interviews could enrich under-
standing and validate findings. By addressing these aspects, future
research can enhance our understanding of the interplay between
Fintech, tourism, FDI, digitalization, and economic growth across
diverse economic contexts.

Data availability

The study used subscription-based data from CrunchBase for the
Fintech variable, which cannot be shared due to licensing
restrictions. Data sources for the other variables are provided in
the manuscript. However, the dataset can be made available by
the corresponding author upon reasonable request.
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Notes

1 https://www.unwto.org/tourism-data/un-tourism-tourism-dashboard.
2 https://www.crunchbase.com/.

3 https://databank.worldbank.org/source/world-development-indicators.
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