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Abstract

Article information

This study examines the impact of financial inclusion on the
relationship between innovation and economic growth in 53
developing countries over the period 2004-2023. Given the role
of financial inclusion in facilitating access to financial resources
and promoting innovation, as well as the strong link between
these variables and sustainable economic growth, this study seeks
to better understand their interactive effects in selected
developing countries. For this purpose, the Panel Smooth
Transition Regression (PSTR) model is employed. The estimation
results indicate a nonlinear relationship among the variables
under investigation. The threshold value of the transition variable
(the logarithm of the financial inclusion index) is estimated at
4.3035, with a slope parameter of 19.9284. The findings indicate
that financial inclusion and innovation exert positive and
statistically significant effects on economic growth in both
regimes, namely, at low and high levels of financial inclusion.
Urbanization has a negative and significant impact on economic
growth in the first regime; however, after crossing the threshold
and entering the second regime, this effect diminishes but remains
negative. The ratio of non-performing loans to gross loans, used
as an indicator of financial stability, has a positive effect on
economic growth in the first regime, but its impact gradually
weakens and becomes negative in the second regime. Inflation
negatively affects economic growth in both regimes. Based on
these findings, policies aimed at improving financial inclusion,
supporting innovation, controlling inflation, and enhancing
financial stability should be prioritized
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Purpose/Aims:
Digital financial inclusion overcomes the limitations of physical borders through

the cross-border integration of digital technologies and financial services,
enabling the provision of financial services across regions. On the one hand,
digital financial inclusion substantially reduces transportation and transaction
costs; on the other hand, it effectively lowers barriers to access and expands the
coverage of financial services, allowing a larger share of the population to benefit
from them. By leveraging digital advantages, digital financial inclusion helps
address information asymmetry, expands the service capacity of financial
markets, and improves the provision of finance to small and micro enterprises as
well as individuals, thereby enabling broader access to financial services at lower
costs (Wang et al., 2022).

Therefore, considering the importance of financial inclusion for economic growth
and the nonlinear relationship among financial inclusion, innovation, and
economic growth, this study employs the Panel Smooth Transition Regression
(PSTR) model, which is one of the most prominent regime-switching models. The
PSTR model is used to analyze the nonlinear and indirect effects of financial
inclusion on the relationship between innovation and economic growth over the
period 2004-2023. In this regard, the theoretical foundations related to the topic
are first examined, followed by a review of relevant empirical studies.
Subsequently, the proposed model is estimated and analyzed, and the conclusions
are presented.

Methodology & Framework:

The PSTR approach has been shown to effectively capture different types of
nonlinearities, including sharp or smooth transitions between regimes, without
requiring prior information about structural changes in the transition variable.
Moreover, the PSTR model addresses key econometric issues such as
heterogeneity and time variability by allowing parameters to vary smoothly across
cross-sectional units and over time (Wang & Wei, 2019).

Accordingly, the PSTR approach is particularly suitable for modeling
heterogeneous effects arising from different levels of financial inclusion when
examining its impact on the relationship between innovation and economic
growth in selected developing countries. The present study aims to investigate the
indirect and threshold effects of financial inclusion on the relationship between
innovation and economic growth in 53 developing countries over the period
2004-2023, using a nonlinear econometric framework based on the PSTR
technique.

The general model, adapted from the studies of Timer & Raza (2023), Karim et
al. (2022), Feng et al. (2023), Wang et al. (2022), and My Thi Thi et al. (2024), is
specified as follows:
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LGDPP=F (LINCLUS, LINNO, LNONPER, INF, UPG, LGOVR) (7)

where LGDPP denotes economic growth; LINCLUS represents the financial
inclusion index; LINNO denotes the innovation index; LNONPER represents the
financial stability index (measured as the ratio of non-performing loans to gross
loans); INF denotes the inflation rate; LGOVR represents government
effectiveness (governance index); and UPG denotes urbanization growth.

Findings:

To examine the stationarity properties of the variables, the Levine—Lin—Chu
(LLC) unit root test is employed. The LLC test results, reported in Table 2,
indicate that all variables are stationary in levels at the 1% significance level. The
findings show that, in both regimes—Ilow and high levels of financial inclusion—
the effect of financial inclusion on economic growth in developing countries is
positive and statistically significant. This result is consistent with the findings of
Rezazadeh et al. (2023), Karim et al. (2022), Feng et al. (2023), Wang et al.
(2022), and theoretical expectations. The results further indicate that innovation
has a positive and significant effect on economic growth in both regimes, which
is consistent with the findings of Nasiri-Aghdam et al. (2011), Wang et al. (2022),
and My Thi Thi et al. (2024), as well as with theoretical foundations.

Discussion:

The results also indicate that, in the first regime characterized by low levels of
financial inclusion, inflation has a negative effect on economic growth in
developing countries. This negative effect intensifies after the threshold is crossed
and the second regime is entered, which is consistent with theoretical
expectations.

In the first regime, urbanization growth has a negative and significant impact on
economic growth in developing countries. After crossing the threshold and
entering the second regime, this negative effect diminishes but remains
statistically significant. This finding is consistent with the results reported by My
Thi Thi et al. (2024) and with theoretical considerations.

In the first regime, the effect of the ratio of non-performing loans to gross loans
(financial stability index) on economic growth is positive but statistically
insignificant. After crossing the threshold and entering the second regime, this
effect decreases and becomes negative. These findings are consistent with
theoretical expectations for developing countries, although they differ from the
results reported by Zhang et al. (2022), which focus on developed economies.
Finally, the results indicate that government effectiveness (governance index) has
a positive effect on economic growth in the first regime, and although this effect
decreases after crossing the threshold and entering the second regime, it remains
positive. This finding is consistent with the results of My Thi Thi et al. (2024).
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Conclusion:

This study investigates the impact of financial inclusion on the relationship
between innovation and economic growth in 53 developing countries over the
period 2004-2023. Given the role of financial inclusion in facilitating access to
financial resources and promoting innovation, as well as its close connection with
sustainable economic growth, the study seeks to provide a deeper understanding
of the interactive effects of these variables in developing economies. Using the
Panel Smooth Transition Regression (PSTR) model, the results reveal a nonlinear
relationship among the variables examined. The estimated threshold value of the
transition variable (logarithm of the financial inclusion index) is 4.3035, with a
slope parameter of 19.9284. The findings indicate that financial inclusion and
innovation have positive and statistically significant effects on economic growth
in both regimes, corresponding to low and high levels of financial inclusion.
Urbanization negatively affects economic growth in the first regime, and although
this effect weakens after the threshold is crossed, it remains negative in the second
regime. The ratio of non-performing loans to gross loans has a positive effect on
economic growth in the first regime, but its impact diminishes and becomes
negative in the second regime. Inflation negatively affects economic growth in
both regimes. Based on these findings, policies aimed at enhancing financial
inclusion, supporting innovation, controlling inflation, and strengthening
financial stability should be given priority.
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Table 3: Poopability test results(poopability)

duial (55, Osall el
0/000 273/303 rhie Jal F gsal
0/000 1761/3531 s*kis (Chi-square) 52 -sS o501

aios Slewbre 5L

OO (DR a0 dnd )8 o )3 B 5l eS (5,08 e prhaws g lao el Jlade 4y axgi L
aalol 1. lo (g loline @glas o y9iS o culps a5 098 0 (6 S Al 5 0ad O, gl
plsl (Keal sloosls (gl caslin g, 3l oolatwl g o2hie Kol 8,5 a5 o b Jloo
Jl e wllp g (o p jgbas Seal opl 55 PSTR Jos oz iz jo ool a8 5
Cowl 00l Ll

1. pooled regression

2. Poolability Test

3. pooled OLS

4. Fixed Effects Model

5. Cross-section F

6. Cross-section Chi-square



2 AroMe 9 DFky 18 2 30 ¢ Vg (G mige [ B ol T (S o 16 p9l55 5 Jlo Jges DY

TS i g Joro 3531 0 ¥ -F
Flio )3 (09 (o (S o a3 il cwlid gy (i )3 0nd ke Els sl (g9 4
ol o ol JUil peize lszeds Jlo Jyad 38,5 a5 5 b PSTR 5580 o9 4058
Wy $1,5Y oo sloolal caled ol oo 00lo oyLis (F) Jga ;0 coyg03l onl 5l Jol> gl
DS o dnb 0= o/ 0 (s lobias mhaw 4o |, PSTR (543l
b e 595l 2529 (9030 :F Jgur
Table 4: Test for the existence of a nonlinear pattern

‘_glc\.‘vL‘;.MJ S>> &u d9>g cJs 6'43&“‘] A> 90 dg>g o>
(m=1) (m=2)
SILEY o i S51LEY e S
g $15Y 5 FS - ) s s |y $5Y S - T .
et s leddem 0

36/615

26/682(0/000) (0/000)

HO:r=0 vs Hl:r=1

e 580 e 5l ool b gudow slaassly :asle

ol 1 o)lel o as by e Jleal ity S5l polie .l JUl wlgs slows SKlo I raxg5
.MQGA

Sged o,y JEl ailes slowi s jelaieas |y odilendl las 18 alayly 59wl caslol jo

Al g o o Jlal Bl SO oged Blod ColaS 5 g jae ans )8 AT was o Ll gl

el o0 S ad‘bt.m" > 90 9 S5

ouiloadly as pué (598Ul 0925 903 0 Jgur
Table 5: Test for the existence of a residual nonlinear pattern

61“5[:‘*'-‘ > S5 39>9 > L5|4.3t1..‘j A= 90 Og>g >
(m=1) (m=2)
15Y oy 55V oyl 515Y oy o
FSY oo 3,5 ;w iy i |y 3,5 s S 74 -
olly b = leie o
17/224
6/653(0/354) | 0/975(0/442) | 6/6940(0/350) | 16/952(0/151) | 1/250(0/246) (0/141)

HO:r=1 vs Hl:r=2

500 sloasily :isle
okes |, O)LAT o 4 by Jlo! )...n‘).a Jls polas .ol Jlas! @193 Slaws )§.>L,_, Iiaz>gs

.MOL_;Q



oy IF 20 yladli — 090 8 lows — pwins g Conmnt Jr — (g0LaiB] o1l iy g W iR g5 dollad

deglio b 5 955050 cglaibinl ao Shass gy I (Joo oo gupal iz cgim plS 0

Jgo bt ol oo Sl g Jow oYV +) 09> 5l opm 4 ST 5 5,16 sl lxs

Joe laie JBlas bl 5 Jow ol (ST g 35, lg sl Lne bl pp 4 el ol S5k ()
08,5 o ol glasbinl o> G LPSTR

JUss! aob G 5o glaibiw] oo Sl cyss F Jgo
Table 6: Determining the number of threshold locations in a transfer function

odiladl jsdome ggezme BIC )92 Jlas AIC T Jlne
m=1 -3/5993 -5/579 -5/6446
m=2 3/5993 -5/5715 -5/6418

50 glvanily sl

=l a5 g oo o)ﬂﬁ oy 99 Jde S e Lglcs;L';..*:—l e g Jlal @IBS olosd yud 3
Sl 00l 1Y) Jguz 4o ¢ Jowe o)STﬁ 3 ool
PSTR J..\..o é)gi).g @Lu :VJsu\a
Table 7: Estimation results of the PSTR model

Joo bt ceod Joo ik s
010435
LINCLUS LINCLUS o)
LINNO LINNO
N ~0/0018 N
(1/6520)
0/0058 T0/0571
LNONPER LNONPER
(0/5088) (-3/3893)
UPG UPG
010542 010416
LGOVR (4/0093) LGOVR (-2/8036)

C=73/9582 ou, lSi_il  C4/3035 o5, ks 955 olSe
Y 19/9284 s i),

Gz slaasdly a5l
©25) 2 025 Sl o S Sl oS cds il )b cJow (pess 3l Jeol ol bl
e a5 ool Cadts BT YD 33 023y yeid £595 Se bl oo VUAYAY olao el S50
b, 3l VYTROAY 5| 28 Sl Jgads 45 o B 10 ol VYIROAY Jolas 1 o 81 5T
25y Gllae S 55lod YYTADAY Sl Jlade (plaS” ()00 10 9 09wl ol 03, Billae o i




2 AroME 9 Py 8 po ¢ Wiy wiye [ B ol T (S e o 16955 9 Jlo Jgeus  OF

e 9 0 (o Joe Culide Srew ot el )l a8 cnl (> Bl (gl g0 w2,

i JUl ol ccdl ol 4o a5 conl () s £989 Jore) (glaibin] oo 5l e JUal juicie
el 0 3591 (1) dolas &y Jow 9 0,10 yaw

LGDP=C:./¥#\YLINCLU+-/-Y-YLINNO--/- - \A

INF+-/- -0ALNONPER--/- 0 YUPG+-/- 0fYLGOVR ")

o Ll 5 o Jon algiog onms & s 2ty 85 sl Bl 3 03 5 o5,
S e JUil b e ol o oS sl glailin] oo 51 55 (e Jgad) JU e
9dier 0591y (F) dolee &jg0 w5 (ol )2 Joe 5350
LGDP=C+-/f-fYLINCLU+-/-0-#LINNO--/- - fAINF-./- 8 Y
LNONPER--/-YA\UPG+:/-\v#LGOVR )

LS 5 (UPG) s o 0, «(LINNO) (55155 (LINCLU) e Jgais (slo e
S siae doys Ve c.‘a..u 30 P80 yeiie g do )0 O c.‘a.a 3o b Jaw o (LGOVR) AP
Loaiies o pxe 0oy O maw (0 068 o0 b st den (a8 Jus o cand o s
e Jladie elul g ot (LSS ey Jsb ) 5 it 6lay9iS sl p ol po Sl 4 4z
(Y) J9A> L 03 4.‘1‘)‘ w‘ro )‘..\.a.a 4‘).3‘).>Lu E\AMSLSA )4_4..’.: w )M‘)b 9 (LS]LO J}.o...o) JLL.:‘
18 513 o g a5 3590 | Lacdle wb Lo g Sged s Lowiions oles o |

S 48 g ool Cawsay Jlas! &b oo A 90 6l alps cpl ezl gl a5 jsbles
odal Cessts @l Fipdyy S0 pslite & Gy S ge 15 w3 990 (nl mle Lo yiie B,
5 demloe ol el g JWal e alisee polaw ) 4z gi b e pcis 51 SO o cess il
iloads a3 FY B (V) sl loges 4o

shax) Jlo Joodt Vb 5 b mhw (G w3, 90 0 50 &5 wadee Gl (1) loge
6l y9iS soladl ai) 5 b Jgods culpd 13l (e g (Sb o slaws o pogs slaolKiws
9 Jsl w50 &5 o5 Yol Glgiee oz crl ) Sl cnl el Jlosine 5 St anngs Jo 50
Sgazme  Jlo Dloas 4y g s 9 (SOb o 10 13045 (sloolSiws slawi o Jbo Jgods by o
BB e 1Sl wlg oo (Il Jyods o 10 SrgS pds S > Camdg opl ,0 aiias
GolSws iuldl  SOb s (528 Jle glgiedy ol asils golaidl wb) 42y
5 Srae Gl do)lSges pad S b 4 wlgige 03 laply 4 pwiiws 5 5l pags



b IF 20 yladli — 090 8 lows — pwins g Conmnt Jr — (g0LaiB] o1l iy g W iR g5 dollad

iz slaidn Cugli g (Jlo lie 4 (o yimws i) il (Jlo oo 3900 cal> 0 0l o
w25 o olaidl ad; e Sl wlgie o Jaoud (2ol caomtiys 05 on (3Ll
SLatdl 5 s by e 5 o qulie o (o yiond Sgngr ey phadl ol 1y sl 4zl
9 5l s beols g ytien SlTalasng e (Jlo piin b (2lo)5lS 50 054 5 958 o0
@oladl g (o e o5 35500 Ll o Jgads s (ial38 cpgo 0235 41 9959 5 slaibi]
Pt golaidlab) » (Jbo Joodt Sute Dl STl o (nl 0398 Fodizmy slal> e o))y H9aS
oSl oo 5o L (o Jsod DIl sy @ 09,9 5 slaslinl ax 5l any g 0930 S5peie
Jaeds el o cpl 10 .0uS co ay i |y (golaBl uls) oS 548 oo (goladl sloasy] B g el
g S35l (i olas 1) S (o0 S Jidon dagi g A 4 (DA Sl ey Jle
g deo e (Jle Sleas 5wl co by S g
e &y (o yiwd Judots (o) ! @ 09,9 5 lailinl a5l jgae 51 e il cnl 5
sle) e loss 5 saz slosslyiss 5l osliiul olKal 5 Jlo sl il 5 Cold, 39  Jle
@olaidl wl) (b Jsod b pme g Cute Sl (Sdo Sl ol g Llise g,k
OHlSen 5 0olils, Dledlas zuli b ases (pl 0gd o0 0030 7adg 4 drwgd Jl> ;o slo gis
SIS 5 (Y- TY) oK g Soly 5 (F+ YT o) 5ed 5 K26 (Y- YY) o502 5 02,5 (1 F+Y)

208 (SlyFen (S ye5

linclu

0.41

0.4
0.39
0.38
0.37
0.36
0.35

0 1 2 3 4 5 6

‘;La JJW éb:d.a}\.w %l/ﬁ‘é

(sl ize) Jbo Jsad slaatls

(Flo Jgoss o 5 W) JUG] yuiio o )0 (o Jgould ity )50 ol oo 1) 510903
Chart 1: Coefficients of the logarithm of financial inclusion versus the
transition variable (logarithm of financial inclusion)
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Chart 2: Coefficients of the logarithm of the innovation index versus the
transition variable (logarithm of‘financial inclusion)
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Chart 3: Inflation coefficients versus the transmission variable (logarithm
of financial inclusion)
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Chart 4: Coefficients of the logarithm of the ratio of bank non- performing
loans to gross loans (financial stability index) versus the transmission
variable (logarithm of financial inclusion)
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chart 5: Urbanization growth coefficients versus the transition variable
(logarithm of financial inclusion)
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chart 6: Coefficients of the logarithm of government efficiency (governance
index) versus the transmission variable (logarithm of financial inclusion)
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