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Abstract

Customers require various service facilities including department stores, ATMs, and
gas stations the use of which has become a daily routine. Some researchers believe that
location choice of such facilities should be based on maximum population coverage
within the network. The current research set out to identify potential factors that may
bear an impact on location selection of ATM machines through exploring the existing
literature on banking and interviewing experts in the field. Moreover, it aimed to
prioritize the most important factors among those already specified through
mathematical modeling. The findings emerging from the literature and expert review
indicated 15 factors influencing ATM location decisions that were further
subcategorized into four major factor sets of economic, competitive, coverage, and
investment - legal. The results of mathematical modeling weighing revealed the priority
of factors with Coverage, weighing 0.43, as the first and most important one followed in
significance by economic factors, weighing 0.23, competitive factors, weighing 0.19,
and investment - law factors, weighing 0.13. The results of this study also indicated that
each of the four factors sets could impact decision-makers differently; therefore, bank
managers are suggested to vary their decisions with respect to each of the factors to
achieve optimal effectiveness.
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2559y b oy cnl Sl odd (iagty (cegrie Jho (Syme 4 pludl (il 395 (la ol
Gly oS QBal can Jelge 5l S ua ancagyl 5 (orecaenl Baa (giludie — (S
Joe 0l (sl Gimgls cnl )3 sl ol 2 238 e JUd |y b s 53 S35 (sl ol
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ol 4l )3 T 4 barye gl oS ol o bl (gl dolidiw ) sl ole oo 51 asl
oje> 5y 0l Al 1 Ve Ll s ele oo doliusyy gyl 5 e e
S L men a8 03y )8 Cope )] ()l g (63553 0)93 Gl 9 (5)lSCL
5 paastie Lzl (Zriplai b g (pod delidin ) (556 lae )3 dadlisia (65 maeal (1928
b g S gy STl jslaie (s S oo Bie 1) (2l Bam ()AL 0jen e
9] Gy (sl bl o ST ol lapls Con aslyl 3 a8 (gblue SSH) (56
ol g5y (egrie S 3 o)Ll 3)90 (slajline yuj g kol elge Sl pluST o cuonl 5 (59
20,5 0
015 o3lisol dbogypo dlidisy (bl (homiw glaie 4 gligyS Gl U3, 5l Gimogy cnl 5o
dole) gy cpl 53 b o Bl gl 3 glcwn 4, ol Lblg doms & oL .l
Sl o 9> (Sison olive o 3,5 Shlos sy )3k lsis & bl (W]
Sigi hol dlul (ol odel cand 4 Flig,S Wl Jlade ¥ Jgds iy o S ) wlide SO
25> plie odimd i sdel Cuwd @ dlael aldS (il o pastie 45 GeSlen amd e LS |,
o)) mglles ol 4 Wil /AN wolitisyy S ligS (Gl ko yien il
g 50

a3 Sl 51 S yh (gl Elig)S SWT e I 0 leud Jgaa
Table 3. Cronbach's alpha value for each dimension
ElssS Wl cups 135395 (5o oliws (IS QST (gbaylre

Cronbach's alpha value Criteria for selecting the location of ATMs
0.798 Coverage factors wy
0.783 Competitive factors e,
0.752 Economic factors 8oLl
0.862 Investment-legal factors SPB— (6,185 aylo o

3 oy b 5 4375 sl ersSle ploicnss (i 3 st Gle Lo et &
Jae coliS Jgan ol .l oad ooliul o piie (39 Jloy (sl Cogh powl GBI, 5909068 905l
] 05 03)3] cuwl KMO ol ol &S
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Table 4. KMO index value for research model dimensions
Boi yaoml B1,5505)55 39031 KMO s L 3132365 by 8lKwd (IS0 ] gl ) lro

Smirnov Colomograph Test KMO index value Criteria for selecting the location of ATMs
0.918 0.834 Coverage factors niligy
0.925 0.794 Competitive factors S,
0.931 0.658 Economic factors ol
0.922 0.781 Investment-legal factors  3gils - ¢ ,1i8 aylo yus

S (s ()15 Caglyl URg, Jolpe
3 ool b 1) senad ilye dledes jlsles dls po ol 53 5 e dlidis €850 5 1Y Al g0
S o 455 5 o Bn s
b bl 2 1) (656 glad (a8l gl yile 1gjl bl Lo it iV als o
9 3,8l Glous iy ) (656 dlael 5l canl p3Y gy ool ey LSS B8, paeuad
2 3) Sl Ay Spgo gy cnl 3 e ol & 90,5 eolitl (T (s i
(e

el g5 Jsles g (295 Glunlio gl (S5 B (wlie . 0 5loans Joua
Table 5. The fuzzy linguistic scale.

e )b slaglide 295 Slalie sl by ke
Triangular fuzzy Linguistic terms
numbers
(1,2,3) Very low influence (VL) o ks
(2,34 Low influence (L) oS
(3,4,5) Average Lo
(4,5,6) High influence (H) sk
(5,6,7) Very high influence sbj L
(VH)

omple sl ol g YU deds 5l edliel b1y Jde e J> g o &g Yl o

2 Oope & g onl p edldtul 3y9e (lad s Jue pled oy cpo Jol>
bl o
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Maximizse A

st
{mi_i- - Ei_i-}.lw:i- —w;+w =0
{u._-_i- — my; }.Ilw:i- +w; —uw; <0
Eioiwi =1
we =0, k=12,...n; i=12,..n—-1; j=23..n, j=i

L) ol b g s oy oSl uSliass 29y 0 ol o (J3o o0 (bS é e 4
Slp Cute dig p3lie )5 J> (LINGO wiile) cuslio ()l381 £ 5 5 syl (sl by, 5l oslinul
QS o Gho gl glad 1 MalS e (sl plod a5 cunl opl oxiad lis A Lasls
9 039 Bl Lgd (65l (slacgliad o5 werd Gl (uadld (nl (g e g 3 Lol
bogta 35 Mii el s L ispon sl 03,5 o laciglid () 3 Loyt iy (slacand
o rle Jsbo o (Slil 3,509, cpl ) w3 oo (LS 1) (651 5ldB il > Vb Ui
J6 Py Cudgioe (pizen (pgd 9 Jgl Cudgiome) 33,5 o0 SIS Cudgioe 93 (il gl
plad 0139 Jao cnl > 3l e o8 aadlioo SO L il lajline gl plad gen & canl ol Sl
(WA o2 285) il eo oty Wi L limo
k) Jie (ng¥

o 030 IS 93 & 393 dllde (5 yadls (anad)yy L)l 4 barpe Jolye
i Jaa 28 =Y plalid)lS e pleal ulul (295 Claglie uw ple cpmesd =) 3900
s o5 oo )3 gy Jho il (sl jlas slagyjs ()5l Cusd 5 (54 4y 50 oS0,
ol 0ads 031y LS g cpl )0 oolawl 550 3l 3]

O3 oyl 42 83! 3550 (bl 15 3luad 2N o ko Joua
Table 6 : Number of experts used in this research

HKEY] Coowwt
Number Organizational degree
¥ Informatics managers — sbsisl Lise oyt
5 Bank managers e
5 University professors o&uiily aslul
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Table 7. Matrix of pairwise comparisons The main criteria of the conceptual model
based on the integration of expert opinions

Wy W> W3 W4

Wz | 1.15 1.65 2.06 - - -
Wz | 1.65 271 374|165 271 374 - - -
Wy | 115 189 257 1 132 156|037 049 076)|- - -

iliee 305 oge & Jao (ol Glajlime sl (o Jae 358 S5 olel
Maximise 4
5t
{1.65 —1.190Aw, —w, + 115w, =0
{2.06 — 1.65)dw, +wy — 2.06w, =0
{(2.71 — 1.69)Aw, —wy + 1.65w, =0
(3.74 — 2710w, + wy — 374w, =0
(2.71 — 1.69)Aw; —wy + 169w, < 0
(3.74 — 2710w, + wy — 3.74w, = 0
{1.89—1.1904w, —w, + 115w, = 0
{(2.57 —1.890w, + w, — 1.8%w, = 0
(132 — 10wy —wy +w, =0
{1.56 — 1.320 4w, + wy — 1.56w, = 0
(0,49 - 0370wy —w, + 0.37w, = 0
(0.76 — 0.49)dw; + wy — 0.76wy = 0
wyt+wy +owg+owy, =1
wp =0 ,k=1234

48,5 |18 > 3y50 LINGO 1581 55 il oozl b 55 598 Jde dgus oo 0dbliie 45 45Sled
25 Jois Cyso A A il i zmen 5 )il o ke 2 il SO e cpenl oS
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S8 hd pE Joe I A8 )S r idgs Jae ol (gl lre (saiuddy 5 (359 Ao slend Jgoa
Table 8. Weight and ranking of the main criteria of the research model derived
from fuzzy nonlinear model

Sab 5 e wy | oo | omuss b pail
objective function | Rank | Weight | Index code Criteria
4 0.137 w, Investment-legal factors gl ()l38 aloyw Jalse
0.5476 3 0.195 Wy Competitive factors B, Jelge
1 0.436 w, Coverage factors g Jolge
2 0.230 w, Economic factors wolal Jolge

Dip b i gt 45 333 o o5 4 ot Jpir 53 kit Jae ) ol ol

Joloe cpiman WS o 41)68 5 Caedl liee cpyie 5lg 3yl )8 cass A, o o/FY
Jolse cales 3 5 pgw 4y 0 N G5g b (1) Jelgs pgs asy 3 VY s L soladl
Sl Jlges 3 a5 cunl 4S8 p)lee a5y )3 N L ol (Ss b (GBS ey
b 48 Cal ool Cands +/OF im0 4 55 (M) Gun b Hlade pioren cawl osd 03 ivles
plos a8 cunl ol o (LS A adli (clyp Cute diugy polie wid by b, Jio 4 4o g

o9 Jdo (5451, 41aged 1Y 0 lewd JSUS
Figure 1: Radar diagram of the research model
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Table 9: Matrix of pairwise comparisons of coverage factors based on the
integration of expert opinions

W, W, W3 W
W, | - - - - - - - - -
W, 1.32 1.87 2.93 - - - - - =
Ws 141 2.54 3.42 1.25 231 3.14 - - - -
W 129 239 2.87 1.15 1.57 240 | 1.08 228 235 =
Maximize |
5t:

(1.87 - 1.32)Aw, —w, + 1.32w, <0
(2.93 - 1.87)Aw, + wy — 2.93w, <0
(2.5¢ — 1.41)Aw, — wy + 141w, <0
(3.42 — 2540w, + wy — 342w, <0
(2.31 = 1.25) 4w, — wy + 1.25w, < 0
(314 - 2310w, + w; — 3.14w, = 0
(2.39 — 1.29)Aw, — w, + 1.29w, < 0
(2.87 — 2.39) 4w, + w, — 2.87w, < 0
(1.57 = 1.15)Aw, — w, + 115w, < 0
(2.40 — 1.57)Aw, + w, — 240w, < 0
(2.28 — 1.08)Aw, — w, + 1.08w, < 0
(2.35-2.280Aw; +w, — 235 =0
wyt+wy + owg+ owy, =1

wy =0 k=1234

48,5 |18 > 5y50 LINGO 1581 55 il odlitel b 55 598 Jde dgus oo 0dbliie 45 45Sled
Jste Oy 4 A (6)5le (i (iomed g (b Jolse slajlao pj 5l o n Coenl &S
0adli sly cute Hlde dgu 0 odalie Vo Jodn 0 &S deSlen Ll 0033,5 dwlxe

ol e I3 B 585 Sl A g5l
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Table 10. Weight and ranking of cover factors derived from fuzzy nonlinear model

&Ly | a, 153) s B sl
XYY Rank | Weight | ,asls Criteria
objective Index
function code
¥ SNV wy Distaqce Fo public and private wogad g (9o slglojlo 4 (S35
organizations
+ YAVAFY¥ v <VAYE-QY W Distance to shopping malls and stores s oSt 8 g 3y 3 STpo 4 (S0
v < Y5 A0 W; Minimize distance to empty ATMs B sla olK2d b clune 53,8 Jolus
\ + YAVAY- ¥ p,i Area population ailain Cunen

Ol ey Jolgs (s a5y gl Ve ojlad Joaz 3 (S s Jao Jo I ol ol

Caodl liae il g 2yl JIE cunss ady o YA i b adleie Cumes a5 B 0
asy IV 59 b JB slaolKiws U cdlue (3,5 Blis jlre cpimen il o jloye5
sloolejlo 4 (0355 Jlme Coled 3 9 pow 455 53 A Gjg b JSThe 4 (S35 Jlme g
Ban @b e (pimen Cusl 4B)5 )13 o)l 4y )3 N L Polee S59 b (pogad 5 (g
o dlgy polie 0dd oly 3k Jhe & drg L oS Sl ool sty YR e 4 55 (A)
o adg) ol 3 MelS oy slacums plos o cusl ol snind olis A Lasls gl

S e
LBl Jolge (ganad,

35 Slanlio g lo 5 S sitiger olol o0l Jus 4 oo b
ol 0 0310 LS VY ojlows Jodo )0 o2 4 Comd (g3laidl Jolge

oLwlid )5 O a5 oles! bl p 3Laidl Jolge g5 Sl lio o pilo )Y 5,lows Joio
Table 11. Matrix of pairwise comparisons of economic factors based on the
integration of expert opinions

Wi W, W,
W; - - - - - - - - -
W, 1.52 234 293 - - - = = -
W3 178 231 2.85 1.55 1.97 2.70 - - -
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Maximisze |
5t:

(2.34 —1.520Aw, —w, + 1.52w, =0
(2.93 — 2.34)Aw, +w, — 293w, <0
(2.31 —1.780Aw, —wy + 1.78w, =0
(2.85 — 2.310Aw, +wy — 2.85w, <0
(1.97 — 1.55)Awy —wy + 1.55u, = 0
(2.70 — 1.97)Awy + wy — 2.70w, = 0
wytwy +uy =1

wp, =0 k=123

Sppo a A )5l (i izmen 5 3lal belge sla)lne 5 5l o yb Coanl oS B S
Sl St Jlade 39800 odalie VY Joda )3 a5 4eSlen sl 0435 drule j Join
ol g le JoB B (555 Sl A (583l Sl

S5 (b i Juo 1 485 4y ooaiBl Jolgs (g 4y 9 (059 I T 0 lowd Jogu
Table 12. Weight and ranking of economic factors derived from fuzzy nonlinear model

Gan byl | as, | gy | ol & asld
objective Rank | Weight Index Criteria
function code
3 0.184 W, ::r:rcgj;aaste: c}:\]e speed of money ot 5 €y Ll
0.196 2 0.309 W Tendency to save I e & il S
1 0.505 W; Customers' desire to buy in cash N b 4 byt bles

ol oobatl Jelgs gty 45 sl W oyled Jgia 5 (b é Jae S 5l Jols ol
i J 9 33 48 Canss 4y 53 1B (jg b a8 W 4 ol JleT jliee o5 03 e
2 9P 4y 2 IV 59 bl e 4 GRS Jhee oiomen 3L (oo )10y Cuenl (e
ool 4B)S )5 pgw 4y 3 DAL Pl (Si9 b gy 0825 Gy I lee Coled
Ol o2l Jho 4 dog b ol ol Canty /N s 4 5 (A) G @b e inen
13 MalS" U 530 (lniams plo 45 ol ] odimd s A sl (gl e dinge ol ok
WSS o 3o ddgl gliad
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Table 13. Matrix of pairwise comparisons of competitive factors based on the
integration of expert opinions

W, W, Ws W
A : : : - - : : - -
W, 1.29 2.39 2.87 - - - - - = =
W 141 2.54 3.42 1.15 157 2.40 - - - - -
W 1.32 1.87 2.93 1.25 231 314 | 108 228 235 = =
Maximise A
St

(2.30 — 1.20)Aw, —w; + 1.20w, <0
(2.87 — 2.30)Aw, + w; — 2.87w, <0
(2.54 — 1.41)Aw, —wy + 141w, <0
(3.42 — 2590w, + w; — 342w, <0
(1.57 — 1.15) Awy — wy + 1.15w;
(2,40 — 1.57) Awy + wy — 2.40w;
(1.87 — 1.32)Aw, —wy + 1.32w, = 0
(2,93 — 1.87)Aw, + wy — 2.93w, = 0
(2.31 — 1.25) 4wy — w, + 125w,
(3.14 — 2.31) 4wy + w, — 314w,
(2.28 — 1.08)Awy — w, + 108w,
(2.35 - 2.280 4wy + w, — 235 <0
wy+wy +wg+owy =1

W =10

g =1,234

=0
=0

=0
=0
=0

Sygo 4 A §)5lo (lise opizmen g 0By Jalse slajlne pj 5l o yp Coonl & 4B)S
Slp e ade 308 0 sdalin VT Jod> 0 &5 GSlen Cunl 0000 )F duslre pj Jol>
sl g plo Jod B (6,85l S5l A ()5l el
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Table 14. Weight and ranking of competitive factors derived from fuzzy nonlinear

model
objective Rank | Weight Index Criteria
function code
4 0.139 w, Brand of the bank 6)l5 Gl g (Sepm da2s
0.243 3 0.216 W Proximity to branches and by ol g cods 4 (Su35
= ATMs other competitor
2 0.271 W Acceleration of network don (glp ol a8 gy 51,3
= coverage for all banks
9 o Slawge 5 oSl
1 0.373 vy Proximity to branches and  ¢355 (claolSis 5 cans 4 (Su355
insider ATMs

ol 1By Jolse ganas) (gl VY ojlad Joao o (lad i oo S ) Jobs @l
g0l )hE cass ady 3 XY (55 b 355 sl oliwd g cend 4 (S5 Hlre &S amd o0
L oSSl (gl olud 4l (390 25158 slne (pizmed AL (00 1308 1 Col Gliee (it
29 pow 4y ) oIV (s b by sl oliid g cand 4 (S35 Hlme pgd 45y )3 </YY (54
ool 48)S )18 p)lee sy 3 WL Jole (Si9 b il (Ui g Sogm arzg sl ol
Ol 3l Jhe 4 2095 b &S Casl ool Cawty < IYF line 0 5 (A) Gan b ik ppizren
3 MelS 59 (slacns plod a5 ol ol oaims Lis A asls (ol Cute dig e o
WSS o 3o ddgl gliad

SPB =S dloyus Jolge (s 4,
295 Clwlia puyle (B cll anges (wlol p ool Joo 4 (omiw b (b
ol 00 0313 L5 V0 ojloss Jodz 0 ob 4y Comd (So518 — (gl ko Jolge

vl Gl — ()35 alo pw Julge (293 Slumlie (s yilo Y0 5lowd Joua
Ul 18 o a5 olés!
Table 15. Matrix of pairwise comparisons of investment-legal factors based on the

integration of expert opinions
W, W, W, W

W1 - = - - - -

W, 122 257 270 - - - = = = - - -
W3 150 281 3384 135 295 356 - = = - - -
W 143 223 314 153 269 394 | 187 245 297 - - -
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Maximise A

5t
(2.57 — 1.22)Aw, —wy + 1.22w, <0
(2.70 — 257} wy + wy — 2.70w, =< 0
(2.81 — 1.50)Aw;, — wy + 1.50w, =<0
(3.84 — 2.81) 2w, + wy — 3.84w, =0
(2.95 - 1.35)Awy —wy + 1.35w, = 0
(3.56 — 2.95)dw, + wy — 3.56u, = 0
(2.23 - 1.43) 2w, —w, + 143w, = 0
(3.14 — 2230 2w, + wy — 314w, = 0
(2.69 — 1.53)Awy —wy + 153w, =< 0
(3.94 — 2690w, + wy — 3.94w, = 0
(2.45 - 1870wy —wy + 1.87w, = 0
(2.97 — 2.45)Aw; + w, — 245 =0
wy twy, +uwg+ owy =1
wp =0 ,k=1234

I > 5y50 LINGO L1581 55 5l oolitel b 55 558 Jdo wad o sdbliv a5 4isSilan

Sl Olise gpzmen § SPb-()IS alojw Jolse slajkae pj 5l S ya Cuonl &5 w85

JEe 295 0 odalie V5 Jgin > oS sSilen .l 0133,5 dwlxe ) Jgds Spgo 4 A
ol e 58 6 (655 Sy A (655 a5l (el ot

S5 (b Juto 3l 4,5 G955 Al Jolge (g Ay 9 (339 3T 0,kend Jgu
Table 16. Weight and ranking of investment-legal factors derived from fuzzy
nonlinear model

Sad 2 lado A, 039 wad i S| L s ls
objective Rank Weight Index Criteria
function code
4 0.1421393 W, Transaction rate for each 2 sy BT e
ATM 3308 58,5 ol
- SY-YOrY 3 0.1746964 W, Government and commercial &)l g (Fgd e
regulations
2 0.2377143 W, ATM coverage ol olKd gy dow
oyags
1 0.4454500 W, Security and law ollanl g el Cuslow
enforcement policies

- ISl Lol (5085, VP ot Jair 53 s it s o 5] ol ol
g 2l 18 cansa agy o HIFF 5 b pellanl = el cawlin jlse oS dad o LS 9B
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Ol sline Cales 13 9 pow 45y 3 NV (g b ()b 9 (9o lysie Jlme pgs 45 55 +/VY
&b Hhde (iomen ol 48,5 )15 plan a5y 3 VT L Jolee (S5 L oSt po sl iS5
e polie 0l ply (ol Jdo 4 drg b oS cunl odel Cants /Y e 4 5 (A) Gaa
o adgl ciglad 15 MolS a9 (slaciums plod a8 canl oyl osims lis A (asls lpy cute
S e
3 Sopmond 3Yloy sy Glpiee Jde slasline 5 g lalne (59 (29l Cams ) A
o 03> (L5 VY Jod 50 )] Gliwlne a5 0ges e |y Ll JS 45 Cpismed g aylxe p

ol

W jleme 4y g oud 2¥lo )5 (359 1Y 0 lond Jo
ranking Table 17: Normalized weight and criteria
) o5 }j'Wr‘ d;ja J_-”&‘-_ SF1w Number
Rank Normalized weight Criteria Strategy
1 0.169 adbie Comor
Area population 2
2 0.117 JB g olfiwd b cdluns (33,5 Jilas a2
Minimize distance to empty ATMs ? “;nj 1
7 0.069 wogpad 9 (93 Sldlojlw 4 (S35 }J g
Distance to public and private organizations °><;
4 0.079 B oS50 4 (K923 o
Distance to shopping malls and stores
3 0.116 S 5 4 ol e iled
Customers’ desire to buy in cash e N9
6 0,071 1191 ot 22 el SEE )
Tendency to save 3 S2
11 0.042 Ut 5,5 Sk po 130 G W
Increase the speed of money circulation
5 0.072 $d9> SWjId;395 o o &y 93
Proximity to branches and insider ATMs g
10 0.0421 by 13,0005 g e & (Sud3 9 8
Proximity to branches and ATMs other competitor -’}\ g 3
9 0.053 LSS dod 51y Sbus dund (1399 51,0 %3 =
Acceleration of network coverage for all banks g
13 0.027 Sk )l gl g o 29 5]
Brand of the bank
12 0.033 3153395 oK iy dow 9,
ATM coverage 3 §
15 0.019 5505 (538,59 0lSiud b ST 3l } E
Transaction rate for each ATM Eg A= 4
14 0.024 S5 9 9 e ER
Government and commercial regulations :_,? :-}
8 0.058 ol 5 iahol Conmlorw 3 -
Security and law enforcement policies

(Y1)
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e9es S )yl (gl Gulio (slajline QLI gy & conl ol 5l (S @l
(Sl Slyps) ol cuws jlul W) g 39w cuS 4 g 2900 Lais 1) (UB) Coje (g5 (o
el dladl g9y sl IRl plgis 4 bpag seolKiey (YVr (b g spmol
A e (o ojlal b yide 4 Lol Cpl picren (ol ol (SSb GYole Cas il
ol Gan a8 ey gl ol o &8ly 40 bl atsl wyiwd (Sb clesd & axels Yol
9 onl 4 anele D)3l 0308 g tod (3353 Sroliey b I (eleinl lasjolysS
4 oo LolSiwd pl jl edlatul Sluil (5950 (sloa o (al38l L 1505 (ggw jl il o Closs
Ol can 4 cul (6y9bl 4 Y el ous Yol plul > s g laane ialS
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