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Abstract

Satellite Navigation Systems have become integral to modern driving by enhancing

navigational efficiency and supporting driver decision-making. Nevertheless, empirical evidence
recarding their impact on road safety remains inconsistent, particularly with respect to driver
distraction arising from human-machine interface interaction. This study aimed to
systematically synthesize quantitative evidence on the dual effects of satellite navigation
system use on driving behavior and crash risk. A systematic literature review was conducted in
accordance with PRISMA guidelines. Five electronic databases—PubMed, Scopus, Web of
Science, IEEE Xplore, and Google Scholar—were searched for studies published between 2000
and 2025. Inclusion criteria comprised empirical studies reporting quantitative outcomes
related to satellite navigation system wuse during driving, including simulator-based
experiments, naturalistic driving studies, and telematics data analyses. Theoretical papers and
studies lacking quantitative measures were excluded. Seventy studies met the inclusion criteria
for qualitative synthesis, of which eight studies with comparable outcome measures were
included in a random-effects meta-analysis. The results indicate that low-interaction satellite
navigation use, such as voice-only guidance and pre-trip destination programming, is associated
with improved driving efficiency, including a 16% reduction in travel distance, an 18% reduction
in travel time, and a 12% decrease in crash-related insurance claims. In contrast, visual-manual
interaction with navigation systems during driving significantly increases crash risk by 28%
(pooled RR = 1.28; 95% Cl: 1.15-1.42), with screen-based tasks demonstrating the highest risk
elevation (RR = 1.35; 95% Cl: 1.20-1.52). Effect sizes were consistently larger in simulator
studies than in real-world studies, although the direction of effects was concordant across
study designs. In conclusion, satellite navigation systems exhibit a conditional safety profile,
enhancing road safety under low cognitive and visual demand conditions while increasing crash
risk when interaction demands are high. These findings underscore the importance of safety-
oriented human-machine interface design to mitigate driver distraction and improve road
safety outcomes.

Keywords: Satellite navigation systems; Driver distraction; Driving behavior; Human-machine

interface; Road safety




uni

qﬂ’ﬁmeqaumﬂu{]ﬁymmmma’gﬁuizﬁu
lanfinalinanNs@edinnii 1.3 arurunal way
o Y vV < = a = ¥
MU UV eiMIdnvatea Ay lnglany
lunquisnyuan [1] Yaduauuyuwdndfyhe
“anuldldlauaznisideaunsves]Tud” (Driver
distraction and inattention) %QLﬁmsﬁmﬁ’UEgﬁ’ama
Saway 20-50 YBIWIIUA NS INSANTL 00 vy
U Q‘ Idl 1 a wva 1
JusaiunNudewan1siingUiive 3-8 i1 [2]
A01UNNSAIAINa1aEY aud 9NN ULT IR U
Tunsyinanunlakva I ATeINITFUNILALNS
TuusunmistutgaiagUuegraduszuy

TuuT unveensa sur 1wg depuf I via
wialulad seuutvnanaenIviey ¥303suUsEy
ALRUIUUN ulan (Global Positioning System:
GPS) lananeid uesAusznoui ug uresnstull
aveluy Taslusnisvinisnuuissalng
ANSAIANITAILIALA UNY WAENISUTULE UN19
£ wa d{' = ::l' a [ 1 I3
SAlLTALNOVANIAINTITIATARTA [3-6] a8nalsh
AU NISLY GPS S¥17190159UT 8190 aliiLAe
“ANSTUMIUANTIINTZUUEING” (GPS distraction)
FIATOUAR U INITTUNIUNEIEAT Nl wag
M33u3 andanssy msdeudeya Nsuewmiiae

~ A aa o o

LALNITA AIMULNUN AINA [57] a NYULUDI
YOLFAINA LU VU ANAIN LAZAIUAU LY
V837 0Y A UNAABILYLIRINITALAYA AL TEAY
Msvaeas [3]

UANFINAINNNTANY I LU DI A0 AL

| a & = =

AIAAUINTEY T TUes e oonkuulyf
Tgan ULV UWInE NS ol U By AUy
AU UANIURANAIN LUNITUINILAENITHD 89
panuanidune lngamzlud Tutilelny [5,7-8]

NaNISNAdBUN1AAUIN (Field operational test)

PRIMARY HEALTH CARE J
215d15a15157u3

NUINNISEY GPS W uantunIsazaIen1annauu
NS oAy 670U 143 wazil oAy 2 Tuld

A11LE 839 UA e LA 17 ued waoavn [9]

'
o a

Tud A 1und 9 GPS A1 uANUUanN Y

a

1A8anAINULAS IATBIE TUT

Y

LN UAHUBU UENUDY

N

a

Fumne wazaangd nssuiUa sulauns eld o7
neiuiu addeluusesuaudnudn /19 GPS
199519 UR W s aTEeENI9anaTauay 10 Lax
AltseiiAedesanasiosas 5 4,100 Mysan
msteyasnasuuussalyidselidud uiu
uazvandssenudesmildiy
Tutszalvny GPS dunumdAgymnanis
wumsluwades lnglanzusnissunsan 1
LBUNALATU 11U Grab Bike Way Grab Car §9n504
PaANEALTITEoEd UIUNTIYIN Nad 1719788
HERE Technologies (2024) 53431 {403 ¥13lne
Fowaz 90 Wi GPS dndusanrulasnd vy

a

U windAs wesduTsadnsuueusineystay
gURwe [11] e nsumsvudamaunldiaue
TWAadsszuufaniu GPS lusnousnndy uilo
ATEUARNEIUNIVULT 9anzLd sundn 40 &y
Aunelunast 2025 [12]

Wi agd T TeTruauuInT A nwl
AMMALNUSTEINS1Y GPS MSSUMIUENTS Lag
ANUUADAA BNIOUL WA TIU1ANITEUATIZH
parmNSTsszuuiysanmIvdngruanmsinm
TugUnuu 35548 uazuiuniivarnvansey s
WJunmsan Tnslaniznisius suisuseau
AABsanmsld GPS Aumssunuangguiuy
Ju udimshnseidadesmunenudes wu
anwurdumesivly JULUUMILAROU uazdnyne
Usznafidud Femnil eududesfinumumu

1550un554eg 190 UTEUU(Systematic literature




review) AuiAN PRISMA guideline lngdunudaya
Ngtoya 5 une laun PubMed, Scopus, Web
of Science, IEEE Xplore W@ ¢ Google Scholar
NUMIITIUNTIUT AR anilug 29T wa. 2543 -
2568 ANYINANTENUVDINITLY T2 UUVUINIA 28
AL anITUNILANTS NoRnTIMITUT uae
Anulaandenisauu Tnenaumniudney loun
msld GPS sewinensduldsmas oaud sdlu
msifngURmmInAesiedadeiFeudieuiy
MssUMuaNIEULUUA U uaztadad sy
Sumesini uaznginsaultlenddviwasioszsiu
AUABITINGT HaMSANWIAAT R IeRLL
Y0471909A AT MU A erTUUNUIMTRN
walulagdmiwennudasndy wazadvayu
MIFPONLUUIZUU DUWesNg Wleue Lazinnsnis

1Y

Miuguaii od sasuauUasndentsauuluga

Y

v

hol)

NIBULUIANNTIVY (Conceptual Framework)
ﬂ?iﬁﬂwﬂﬁi}&gQ@EJUUﬂi@ULLU’Jﬁﬂ‘ﬁ'a%U’]EJ
AUFUINUT 581 19N 15MET8UU GPS 5811719
n53ud (Usgtanduimasinsiazuuuy
nslanau tawn n1sdinenledss n1slanau
A8 Laznslanaumeile) nalnnssuniu
auSves Ul (135UNIUMIIAIBA1 Menaln
LAENIINITTUT) HAG NS ATUNANTIULAY
Auvasnne (Lru Laa1lunisneuauss
nsdeauurestonafusn ngAnTsudes uas
gnsnsiinadawme) Taed Jadenidu
(moderating factors) Lo un" @ nwaug 7ud
Usgaunsainsdull U3UNIaTas uasUssuam
MsAneT (1A30991a0IMT BN1ATUY) Feazgn
Y1 asaunlun1sTiAsIgkuung ue oy

(Subgroup analysis) (Fan il 1)

PRIMARY HEALTH CARE JOURNAL (NORTHERN EDITION)
o1sarsaisismugyyagaul(niairia)

Conceptual Framework
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1.5.2 nsidgaunsnieanena (Visual
distraction) N15N®EN GPS LAY 2 FUANU
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2.1.3 N15UTHULIEUTENINNTNAA DY
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2.1.5 AU UKTIV0Ig UA YR LA
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