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Abstract

Tourism in Northern Thailand is a strategic pillar of the regional economy, yet managing its sustainability remains
a critical challenge. This research aims to analyze the factors driving dissatisfaction among international tourists toward
natural attractions in Northern Thailand. A dataset of 8,193 reviews was collected from TripAdvisor, spanning a ten-year
period from 2014 to 2023.

This study presents an academic contribution by integrating a BERT-based Deep Learning model to classify
negative sentiments—the primary focus of this analysis. The model achieved a high precision of 87% in identifying
negative class data. Subsequently, N-Gram Analysis was employed for issue clustering, and Kernel Density Estimation
(KDE) with a bandwidth (h) of 0.3 km was applied to transform textual data into a continuous spatial density surface,
enabling the precise identification of dissatisfaction hotspots.

The findings reveal that the primary driver of dissatisfaction is Value & Pricing, evidenced by the prevalence of
the phrase 'not worth' (83 mentions) and specific complaints regarding high entry fees (e.g., '300 baht'). These issues
are spatially correlated with environmental and maintenance concerns (e.g., 'no water' and 'dirty'). Negative hotspots are
intensely concentrated in key locations, notably Doi Inthanon National Park and Pai District in Mae Hong Son Province.

The results provide actionable spatial insights to support government agencies in targeted policymaking. By
identifying these crisis zones, the study facilitates informed decisions on revising entry fee structures and managing tourist

carrying capacity within hotspots to enhance the long-term sustainability of Northern Thailand's natural tourism.

Keywords: Sentiment Analysis, BERT, Kernel Density Estimation (KDE), Northern Thailand, Sustainable Tourism Policy

Introduction

mawmleresdszmanadumilcuandnuasmsnead aasssdszmne Tmﬁwmmiﬁﬁiy?umﬁﬁ’umﬁfﬂu
wsugfiatusziugfnne UMAIN DI 89195 9HE R 15 ﬂqwmuuﬁwq@mﬂﬁuwuuﬁ (Baalin) uazieumzan
(unEBIaEn) AegeinvasifigannsmAdiamnaoeieflaninginnfiaaes gRenARELELIE LAEAMETAINTATY
YNNI (Ministry of Tourism and Sports, 2016; 2020; 2023) asalafiny msdEanndmassineafisasmsesiy
A e isanau Tasanizan 8 slayman i asd sy desandaniad onTnsuesmineinssssssna
TymiAauasn (Overcrowding) Turavganesifitn waslomnnunmeiniauazianziiaenansznulnensene
ﬂ‘i:ﬂ‘i_lﬂ’l‘iiﬁﬁmﬁﬂﬁml,ﬁm (Secretariat of Cabinet, 2011; Ministry of Tourism and Sports, 2016;)

Tugpagiiu desanlanlanadurawmmaniimmead el tunaruairayauazuusiulszaunn o
5439 (Cui & He, 2019; Lassen et al., 2014; Ministry of Tourism and Sports, 2021) LLW@G]W?J‘;N@E]N TripAdvisor fauiu
uwinsEByamA eyTiTruTIn A AL Eea Ge3dnduliiia Electronic Word-of-Mouth (€WOM) (Li et ol., 2017;
Valdivia et dl., 2017; Donthu et dl., 2021) apy @A iiuiag infinssgmauazaenondmgfnanuazas e laes
simaudiennanmnnswamesisauasAnnslansnsaeslUnasmn (Phithakkinukoon, 2023; Miistry of Tourism and
Sports, 2024) N15ALATIZAT B AYBAIHLS MMM afl ST nlannaddny unnsvianaalanan asnisuas

Teyiunaas
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Analysis) WaamswRlasaNAniu (Opinion Mining) %\1 Lﬁuﬁquwﬁwmmimzmm@mmﬁ‘a‘aumﬁ (Natural Language
Processing — NLP) (Alaei et al., 2017; Sarker, 2021) 41435 ?_lﬁyl,’ﬁ@ﬂéfﬁy LUU9188Y BERT-based Deep Learning (Pérez et al.,
2024) iiagannszavnmimitananTunisinannsialatdum (Contextual Understanding) Waznnsf Ansenssaiiiin
oy TunnemAssninmameaiisndeind anadunanuasiinan (Devin et o, 2018; Yuan, 2024) WATAT (iR esgas
Fundnonsralpuang wiimsszyiszfuTgmiannzgnzas (Aspect-based issues) fiarnamamainanalalnzn
Al (Hashim et al., 2020)
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Objectives

1. i oUszIAuLAZIUNAYTHS AN (Sentiment Classification) #e41inNe eI fiaan s AnounamedLAieImnIg
seanAlunAmitedsUsinn Tnomussavsamassuudianslunmsssyaansufomela

2. lmszyLlszfinTamianizianzas (Thematic lssues) uazAndndayBasumiiaeneuierumaasainl
Fanolarmnisainse N-Gram Turssaseiismmnie

5. IOAAIIZANNINTEIEFAIALANINIUBIAUTA (Spatial Hotspots) 1aspaalufisnalalnelamaia

Kernel Density Estimation (KDE) iiieiinaayamivamnissinaula@alaunauaznisnnumdeiniionnedadiu

Methodology

A8n1939efunsoanidu 5 TUABUUAN (AL N1999UIINIDYE N1TUTZHIRNARMAWILAZNITITA T
. « g a - TP S - P R
WU N15AATIEnANNANBIUTHI N15AATIEnBaienTnag N-Gram Wa N193AT1EmBINuTnae Kemel

Density Estimation (KDE) lagifinsaunisvineuuanssis Figure 1

-
TripAdvisor Python Web Data Collection Sentiment
Reviews Scraping & Preprocessing Analysis
-
Prioritized Policy Kernel Density Estimation Problem
Recommendations (KDE) Identification

-

Figure 1 Research framework: Integration of deep learning and geospatial analysis
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1. Data collection

ﬂymjﬂuwﬁmﬁiﬁﬁquﬁﬁﬁ’mmqqﬁ m@m%gmqmwmmwmﬂa%m TripAdvisor %QLﬁuLLWﬂIQ"Uy@Hﬂ Electronic
Word—of-Mouth (6WOM) 7iss18atie (Jeacle & Carter, 2011; Fiieri et al., 2015; Valdivia et al., 2017) Tngfleauianissausan
IBNZUNA I BT 89911959509 T 9 Tandaniamilaresszmelve Taun 1@e931e 1Boelin WA welen uns
UNFBIFEY F11Ng AN LAY qmﬁmﬁ (Figure 2) mymj@ﬁmu'ﬁquﬂﬁzﬂ@myw: Foaail Usnvvesunameiien
Hil vinre uvAeaos (MEEINgY) s RAAQRAARS (Axfiqa/ansagn) SN0 T N3RS TR
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Figure 2 Study area map: natural attractions in Northern Thailand

ﬂyﬂad@ HTML ﬁfaiﬁTmm‘;wmﬂviﬁqLf“su%gﬂﬂﬁm (Web scraping) #38 Python Libraries (Rossum, 1995) 1
BeautifulSoup (Richardson, 2004) Pandas (McKinney, 2010) waz Selenium (Muthukadan, 2024) %gﬂ'%’ﬂlﬁugfug’m“ﬂymdﬂ
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2. Preprocessing and geocoding

napUNsYmiast oK (Text Mining) 183A15AnEAi Aniun1smsdd ud uaeumdn 3 duneu 8y
N9 70N15WATA Deep Learmning TN BT (Geospatial Analysis):

2.1 NM9UTZHIANRY BATIH: v‘hmqm:mmyﬂamyﬂmm (Text Cleaning) Tagii nannnsrindadnaseR e
(Special Characters) (Prabha & Srikanth, 2021) N19a1L Stop-words (rﬁﬁ‘ﬁITNI F111T L°Lflu 'the’, 'a’) (Lima et al., 2021) ay
m'iﬁ'ﬁgugﬁLLuuﬁﬂTﬁﬂgTugmLumﬁmﬁ’u (Lemmatization) (Ramadhani et al., 2021) uaz uusraAHiuAI (Tokenization)

2.2 MAFUHNsHANUNASTE0: uwﬁm‘m‘lﬁy’mmgﬂuﬁ\mﬂmﬁu 1¥A9"594B919n (Positive Reviews) HInnans
(Neutral Reviews) ay 8981 (Negative Reviews) (Pérez et al., 2024) Tmﬂﬁuwﬁm’ifﬂ@dﬂuﬁﬂuqu 640 uwﬁfm’mi ﬁlgﬂ
snfultunArsnenidednealy

2.5 NEERABIRLTA (Geocoding): AfngReans (axfgauazansdgn) ﬁﬂaﬂmuﬁﬁmLﬁmLLémLﬁqgﬂTﬂﬁu
‘ﬂyﬂa;m‘-gm (Point Features) L‘lﬁlﬂsf‘l;ﬂ”m’ﬁﬂL%ﬂﬂiﬁd“ilyﬂz;llﬂ‘ﬂyﬂﬂ']'iuLﬂg’qﬁUﬁWLLiﬂﬁ\iWﬁdqﬁﬂﬂﬂm‘;ﬁ’ﬁfi‘%"l_lﬂﬁ‘ﬁLﬂ‘iqz‘l/q R

(Esri, 2021)

3. Quantitative sentiment analysis

TR mmfgﬁﬂﬁfﬁmuﬁmm Deep Learning (BERT-based Pysentimiento) Falpsunsfindunfiasunn
mwﬁﬁﬂu%mwﬁNﬁﬂﬁ:ﬁw%mw LLuuémmfjgﬂT%Lﬁﬂm'ﬁ@"muﬂ Lm:mﬁmuﬁummgﬂ@”@q 2BINTTIIUN
ﬂ@:N‘LWﬁ‘-V’I‘mZﬁgQ‘mNm (Devlin et al., 2018; Pérez et al., 2024)

TumﬁﬁﬁxLﬁuﬂﬁzﬁwﬁmwﬁqmgﬂammmj @enmny 4,509 vAas0s: dmSuARRMLLLSae9 3,607 UvAeTa;
(80%) NARBLULLLSIABY 451 UnTa1904 (10%) warUIzifiuusz@nNs neesuuusIasy 451 undansnd (10%)
é]fmﬂlﬁ Hyperparameter: Epochs (3, 4, 5), Batch (32) LLag Learning Rate (2e-5 to 1e-4)

snanil Lﬁ@é’mm‘aﬁ’uﬂmmmwﬁﬂu@;mmﬂyﬂg@ (Imbolanced Data) 5£3199AMARTMEANUAL B
Ased s masia Class Weighting hudumannisinduunsiass i @ﬁmumﬁmﬁﬂmwmﬁwﬁﬁﬁﬁﬁumﬁmjymdm’ﬁ'ﬁ
SN (Minority Class) waztasinend (Bios) n19vimEBILLLS AB (Henning et al., 2023; Wu et al., 2024)

< ®Y o g a = . 5 = a ! ¥
‘ifJumTﬁﬂ’l‘ifJﬂN@ﬂ')HLNVI‘Sﬂ"ﬁm”legNLﬂ‘iﬂ (Confusion Matrix) uﬂﬂmu@m‘swmimﬂmmfmgﬂmmfﬂmw (Accuracy)
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LNENBEILPIET LL@ZL‘Wﬂﬂuﬂuﬂﬁzﬁ%ﬁﬂﬂ/\l?ﬂﬂq‘i’ﬂqLLuﬂﬂQ'INﬂWL“VTHL%Q@UQY:I'NLLNHEI’W NMHIFERIIURNTNINTITNANBU
U RNTNINIBILLLINABIFINATATTHILN U (Precision) Tuﬂ’ﬁ‘\?’?LL%ﬂV"I‘ZI’TNﬁ@L‘ﬁ%L%@@U Lﬁu‘ﬁﬁﬂ

Table 1 u@ﬂmﬂmﬁﬁmﬁmﬁmmwgﬂmmfmmqu (Accuracy) Lﬁﬂﬂx%ﬂuﬂixaﬂﬁﬂ’w\mﬂﬂLLUU"VO’]N?NTHW‘I?‘JZH

v
A o

AN AR AUBH MNUNIEN SRS A AT AT HRE AU RAVBNTWANHANNTTA: (Pleerux, 2023)

Table 1 The confusion matrix used to verify Pysentimiento analysis

Actual / Prediction Positive Neutral Negative
Positive a b c
Neutral d e f

Negative g h i
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i

Precision,egative = ey (Equation 1)
Recallyegative = m (Equation 2)
PrecisionxRecall .
F1— scorenegatwe = m (EqUOtIOﬂ 5)
A= arert (Equation 4)

a+b+c+d+e+f+g+h+i

4. Content analysis: N-Gram analysis

Lﬁ'mzqﬂ‘mﬁuﬂiymﬁLawwwqm (Thematic Issues) AinanEWAIINRInala F9¥in1931AT1297 N-Gram
(Bird et al., 2009) L@Wf]xcfuﬁmyﬂHﬂuwﬁmizﬁ@aﬂuﬁfﬁy‘?umﬁﬂﬁ:mﬂmvLL@iyf; mﬁﬁm‘m:ﬁﬁqLﬁum‘ihyumqﬁw‘%aﬁq
ﬁﬁmmﬁqa (High Frequency Keywords) FflAnnanius lnensefulUsraUn1TaABay mmfuﬁff%mﬁmémﬁq{@
Tagnnsdn@ula (Manual Thematic Grouping) 14 AavsaavTaymaanidungaman Taun 1. AsauguAIuaza1AY
(Value & Pricing) II. #4uIARBHUAZNT9111995E7 (Environmentol & Maintenance) ua Ill. ngianivuazlasessng

WU (Accessibility & Infrastructure)

5. Spatial analysis: Kernel Density Estimation (KDE)

W BT AYINY By aLBIR U §11FUN159ANT1TN15N BT 8T (Actionable Spatial Insights) N19N5LA18HIN
QRAEATIDIAING ANBIAUFegnILAT1znlasly Kemel Density Estimation (KDE) KDE 1InAEn1931ANeMIBai Wil
LLUU\EN‘WW‘SWE’?Lﬁlﬂ‘iﬁsf"h’ﬂ‘izﬂﬁﬂmﬂ‘iﬁdﬂ%&ﬂ‘mmﬂu"lLLuuﬁ"meuﬂ’%Lﬂuﬂﬂ\iﬂﬂH@’iﬁ TﬂﬂLﬂﬁﬂu’ifﬂLLﬂﬂﬂ')u (AL

A4 da o e Yoo ¥ o4 v v - s
YDIFNIRANDIA YT VN1 BIRY) TwLﬁuwumm@Lumwmemwmmumaqmmmﬂmﬂmm (Hotspots)
(Rogel-Salazar, 2022)

AN LUlAEUTEN0d o0 s x Auasdlalaety Equation 5 (Mission, 2024):

f(x) = # 7i1:1 K (x;lxi) (Equation 5)
Tnedt: f(x) Ao Aowwmnuinlneyszanadidaumi x
n fim @"mquqméf’\immmﬁ@ﬁiﬁ@mu
h 7| wunaAan (WEennafwednsusuinden) fedmuesafianinaseuunazn
K fim Wandumesiua (Tendwinnin Feinidunesmatuuinaduwmbeniasin)
X; Ao FUMWITBINT5AN T OUBIRUASIT |
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masaAuaznnTUazenal:
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Population Field (Weight)

2. Bandwidth (h): RaNsoM1aNnANizgRnIANINIEnInIBIAmedAaniawile gl dnu s iiuga
nagiitaianizda (Discreet points) UUHATAN () F9garamuadl 0.5 Alawng \WiayIuuN19AT9990 Localized
Clustering v3ansnazqndatuaziiqania A8n1simesnunanudiuaBeini naantsnszansdafinanadiull
(Over-smoothing) anuAsaeaztBanAsMHLTUAREg DTl nadwsTilaesiaasusugngetunisssyRin
3ﬂqmLﬁﬂ?ﬁumiﬁmmmmﬂﬁﬁﬁmﬁ (Action Zones) TunnsL@ymsdnnasiug

5. ganAuas: N9AsZA KDE dunislnelrlusunantszgnanun isnsauma 1w ArcGlS v QGIS
NAAWF289 KDE Apunufinasmnuniinidiginnaiiaansmelsaasinneaiieadansaneugogn Saiuanya

g o o 0 > & A
wugmmmumﬁmwumufﬂmﬂ WRZUDLAUD LL‘HEZT‘HL%@‘W%‘VI

Results

1. Overview and statistics of the data

THN1339LTIHUNEANTONINA 8,193 UNA1T0E ANNUNAINBITBIN1IB3THER N O Sandannamile
wﬂmﬁﬁm‘msﬁmwfgﬁﬂ% 3 Usuinn Ae ANARWIEILIN 139aY waziiunans Tmﬂwum‘jﬂﬁmwﬁfmmmm;;ﬁﬂ
LAAIRS Tdble 2 KANTSALATIZAEUETUIN UVA50NBIRLRAFARINSDLAZ 7.81 UDIUNANTONIANA %uﬁuqmyﬂm

o A _ . .
nAnd s insAnsenBedniitessyysfinTaymn

Table 2 The results of sentiment analysis of natural attractions in Northern Thailand

Sentiment Category Number of Reviews %
Positive 6,150 75.06
Neutral 1,403 17.12
Negative 640 7.81

Total 8,193 100

° ° a L7 a < a_°
T@T:IN@ﬂ’ﬁi’l@ﬂﬂﬂﬂizﬁ‘ﬂﬁﬂ’?‘l’w@ﬂLL‘LI‘LI@W@@ﬂ@’?ﬂ@’?uquﬂwqﬁmcjmﬂﬂﬂ34@ 451 UNI91984 LHNINYAITH

“ ! v M ! Co o - ¢ v
PIQNLﬁ‘i’r’]LLN@Q@’]ﬂQ’]NQﬂ@@\?TﬂE‘EQN (Accuracy) 998AL 76 WRTAIAITHULNUEL (Precision) ADIUNIINTNRNAUIDYRY

87 LamIAS Table 3
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Table 3 Performance metrics of Pysentimiento model for sentiment classification

Actual / Prediction Positive Neutral Negative Recall F1-score Total
Positive 235 27 3 0.89 0.86 265
Neutral 29 33 8 0.47 0.42 70
Negative 15 26 75 0.66 0.74 116
Precision 0.84 0.38 0.87

Accuracy 0.76 451

2. Thematic results from N-Gram analysis

N153LAS12M N=Gram Lawqxsfu"qmﬂm;!ﬂuwﬁmﬁmL%muéqmu 640 UNTI150d Tmzqﬁmmm@wmfnm

' |
adaa a

gegn lngannsndnangulynmanasniadu 3 wuaany (Table 4) Tnngulgmdawanasuuaznisiigedne &

| . 4 . . v
ANHTYBIANTI TSR UAPI DTN UGTIgA WP YDYA

Table 4 Thematic results of N-Gram analysis driving negative sentiment

Sentiment Representative keywords & Description of the main issues

category N-Grams
l. Value & not worth (83), 300 baht (28), Highest Driver of Dissatisfaction. The most frequent N-gram,
Pricing entrance fee (35), per person "not worth" (83), serves as a conclusive judgment that the high

(87), money (69)

cost (specifically the 300 baht entry fee) does not align with

the perceived value of the experience.

II.
Environmental

& Maintenance

water (205), dirty (57), dry
season (21), no water (11), smell

bad

High Frequency of Physical Issues. The high frequency of
descriptive terms like water and dirty indicates immediate,
visible issues with cleanliness and poor maintenance. Seasonal
factors (no water / dry season) heavily compound the negative

experience.

lIl. Accessibility
&

Infrastructure

chiang mai (69), waste time
(33), not recommend (31), too

many people

Management and Travel-Related Issues. Long travel times to
destinations (e.q., from chiang mai) were frequently evaluated
as a waste of time, leading to explicit negative
recommendations (not recommend), signaling issues with site

management and capacity.
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3. Spatial results from Kernel Density Estimation (KDE)

103

n9Uszgnaly Kemnel Density Estimation (KDE) fufifingfiransuesuniansosdeauvionnn Tagly Bandwidth

(h) 7103 ﬁTﬂLNW‘i LL’NGNT‘V]Lﬁuﬂ’?‘iﬂ‘iziﬂﬁ’m@ﬁﬂQqN\ENﬁQWﬂT@T‘LAQﬁﬂ”Iﬂ C;TQLLNG‘NT%LLWHﬁﬂ’JqNﬂquLuuﬂ’lqﬂgﬁﬂ

| (Figure 3)
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Figure 3 Kernel density map of negative reviews in Northern Thailand

NAN1TILATIEN KDE 95UN19N329NFneaInIu3anean (Hotspots) aensiidadnmey Beaeneoutls

TynIN199ANITBINLTIDL I UNTY AT

v ! '
=1 a

NUNBNETULLN

3

®  Hotspot A (FHENANANGR):

4

o o

2000000 2100000 2200000 2300000

1900000

(2

A
WU

Ada
NNH

BRABLBUNULY uazABLFIN -1y Sndn@esinn uans

ANATTNATUNHENER TIFHIUE LS HWINTDIF I UNILAZAHANANTIALENNS INTEALE

v

Hotspot B (Ww#

L

ngaRaLilnd): s1netne Smdaungnssan wunisnszqniaeeatam umameien

® a3
nwsIHTRnaneqaiiag inaAeii axnewiiolaymlugzdy Clister 209unamBpfian
®  Hotspot C (NUALHI9279): URIMETHINAENYIANAT TINIAEENTIE WHAEHATAITHNUILUNIAIRIHT

watlapaingaensransfineIn19nITUsLURAsA LSRN a



104 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.3 September-December 2026

Conclusion and Discussion

1. Interpretation of quantitative and thematic results

NANNTALATIER AN AN R AnanuvAensaiideauiisaouas 7.81 3 fususnamiaesdsnaiuiifos
unilaynilazasey Buawansznuneasiawelalngsasaesineiisanneni Gerennraaiusridenesming
sansdanaRnnssaumsomeafisatutasmatnei@amamis (Thongsawang, 2021)

M5AA9 N-Gram BnEuan Uasifununnug uaA1uazs Al (1. Volue & Pricng) AoTadendniinabiiin
A nfsnelagaga TnefindngiuBelasdnyannad not worth' (83) WaZNTa131ATIgS (1% 300 boht) F9uueina
ANAAN IR A N aanAa st UATTEa e Agnidanidy Tomnidgnid exlesesefliuddydy dasdu
ﬁlx‘i LLQ@Z;ﬂNLLﬂzﬂﬁ‘iﬂﬁ‘g\‘i%/ﬂ‘]m (Il. Environmental & Maintenance) TﬂﬂLaWﬂzﬂ/iyﬁﬁﬂmﬂﬁwﬁ/ﬂ (water, dirty) LRzNIIRARY
yo3UFHaninnTugag dry season’ & 9AIHANTLNUABUSLALINITHINNNIBATNUAEABNE AN ANITTH A HAT
(Chumwatana & Chuaychoo, 2016) Twm\‘im\m”wnym ﬁiyﬂmyﬁuﬂ’l’imyﬁﬁ\iLL@:TﬂﬁdﬂﬁyNﬁyugﬁu (Ill. Accessibility &
Infrastructure) GaiTuoyniBelaseasne fgemsianudndey Tnsmnizlunuaniuuess 8 nedenisdnnis

AMUAYHANNTTD HNN55895U (Carrying capacity) £9TuTiUseavBamiRenwe (Tokarchuk et dl., 2021)
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3. Limitations and conclusion
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