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ABSTRAK

PEMANFAATAN INDOBERT INTERMEDIATE LAYERS UNTUK
ANALISIS SENTIMEN BERBASIS ASPEK TERHADAP ULASAN
WISATA CANDI BOROBUDUR DAN PRAMBANAN

Oleh :
Yulia Eka Ananta

Candi Borobudur dan Prambanan merupakan destinasi strategis dalam
pengembangan pariwisata Indonesia. Untuk memahami sentimen wisatawan
terhadap aspek spesifik destinasi, penelitian ini. menerapkan Aspect-Based
Sentiment Analysis (ABSA) menggunakan IndoBERT-base dengan pemanfaatan
intermediate layers. Fokus analisis meliputi enam aspek utama: aksesibilitas,
amenitas, citra, daya tarik, harga, dan sumber daya manusia (SDM). Ekstraksi fitur
dilakukan menggunakan teknik LSTM-Pooling dan Attention-Pooling, kemudian
dievaluasi melalui 10-fold cross-validation. Data ulasan berbahasa Indonesia
diperoleh dari GitHub yang telah dianotasi melalui crowdsourcing. Hasil untuk
analisis sentimen menunjukkan model IndoBERT-Attention unggul dengan akurasi
rata-rata 0.9859, sedangkan IndoBERT-LSTM sebesar 0.9854 dan IndoBERT-Base
sebesar 0.984. Sementara hasil untuk analisis klasifikasi aspek dalam F1-Score (%)
sebagai pembanding penelitian sebelumnya menujukkan bahwa model IndoBERT-
LSTM dapat memprediksi dengan baik, skor tertinggi pada aspek aksesibilitas
sebesar 95.82%, harga sebesar 94.86 %, amenitas sebesar 94.01%, sdm sebesar
91.70%, daya tarik sebesar 85.26% dan Citra 84.14%. Temuan ini memberikan
wawasan bagi pengelola wisata di Candi Borobudur dan Candi Prambanan serta
memperkuat efektivitas IndoBERT dalam analisis sentimen berbahasa Indonesia.
Kata Kunci: Aspect-Based Sentiment Analysis, Candi Borobudur, Candi

Prambanan, IndoBERT, pariwisata
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ABSTRACT

UTILIZATION OF INDOBERT INTERMEDIATE LAYERS FOR ASPECT-
BASED SENTIMENT ANALYSIS OF BOROBUDUR AND PRAMBANAN
TEMPLE TOURISM REVIEWS

By:
Yulia Eka Ananta

Borobudur and Prambanan Temples are strategic destinations in the development
of Indonesia's tourism sector. 1o understand tourists' sentiments toward specific
aspects of these destinations, this study applies Aspect-Based Sentiment Analysis
(ABSA) using IndoBERT-base with the utilization of intermediate layers. The
analysis focuses on six main aspects: accessibility, amenities, image, attraction,
price, and human resources. Feature extraction is performed using LSTM-Pooling
and Attention-Pooling techniques and evaluated through 10-fold cross-validation.
Indonesian-language review data were obtained from GitHub and annotated via
crowdsourcing. The sentiment analysis results show that the IndoBERT-Attention
model performs best with an average accuracy of 0.9859, followed by IndoBERT-
LSTM at 0.9854 and IndoBERT-Base at 0.984. For aspect classification, based on
F1-Score (%) and.compared with previous studies, the IndoBERT-LSTM model
demonstrates strong predictive capabilities, achieving the highest scores in
accessibility (95.82%), price (94.86%), amenities (94.01%), human resources
(91.70%), attraction (85.26%), and image (84.14%). These findings provide
valuable insights for tourism managers at Borobudur and Prambanan Temples and
further reinforce the effectiveness of IndoBERT for sentiment analysis in the
Indonesian language.

Keywords: Aspect-Based Sentiment Analysis, Candi Borobudur, Candi

Prambanan, IndoBERT, tourism



DAFTAR ISI

LEMBAR PERSETUJUAN PEMBIMBING ........ccccooviiiiieieeiieieereeee e il
PENGESAHAN TIM PENGUIJI SKRIPSI.......cccoeiiiieieieeieeeeeee e il
PERNYATAAN KEASLIAN ....oootiiitieteeit ettt ettt ettt esee s ens v
LEMBAR PERSETUJUAN PUBLIKASI.......ccootiiiiiiieeiteieeieeee et v
11 (0 2 0 O PR UUSR vi
KATA PENGANTAR ...ttt ettt ettt st stee e esteessneenseensnes vii
ABSTRAK ...ttt ettt eeteesaeeseesnseesaeessaanseessseensaensseenseensseeseennseans ix
ABSTRACT ...t ettt s eaesntenseeseesseensesnsesseenseensenneenses X
DAFTAR IST ..ottt et aeba e s b b e e e seaeesaessbaesseessseensaensseans xi
DAFTAR TABEL i ..oiiiiiiiieeeeeee ettt e siaesaa st ensaesnaeennee e Xiii
DAFTAR GAMBAR ...ttt st shs e s enae et an e aeeeaenseensesnaens Xiii
BAB I PENDAHULUAN ......ooottiiieiiteteee ettt eitesaeenetessteeaeeseaeenseessaesnsaessneenns 1
1.1 Latar BelaKang ......coeovvveiiiiiiiiieeiecceeee sttt e 1
1.2 Perumusan Masalah .............ccoooiiiiiiiiisiiece e 5
1.3 Batasan Masalah..........ccoooiiiiiiiiiiiiiiiicie it 6
1.4 Tujuan Penelitian.............ccvueevueeiiieesiienieeiieeieeieesee e esiee e eseeeeveeseeeesseenenas 6
1.5 Manfaat Penelitian ............cccccieiiiiioiiicee et 6
BAB II TINJAUAN PUSTAKA .....iooeieiiitine et T I 9
2.1 Tinjauan Penelitian Terdahulu.............0...c. e, 9
2.2 Dasar Teorl .....c.cceeeiiivereeeeeiiciinneenne, 5 SO A WO "SR A WU 12
2.2.1 PATTWISALA ...eviieiiieeciieeeieeeiieeertee et e e ite e et e st eeseveeesnaeeenseeenseesnsneeens 12
2.2.2 Candi Borobudur dan Prambanan .............cccceeeuveeviiieenciieeniieeiee e, 13
2.2.3 Analisis Sentimen Berbasis ASpPek .......c.cooeevieiiiniriieniineniicnieenene 14
2.2.4 Data PreproCeSSING.....eeeuveeriieeiieiiesieetiesieeiteseeeseesseeeseeseneeseesneeenne 15
2.2.5 Bidirectional Encoder Representations from Transformers................. 17
2.2.6 INdOBERT .....oooiiiiiieieeee et et 20
2.2.7 Intermediate Layers........ccceeeeeiieiiieniieiieeie ettt 22
2.2.8 Cross Validation ..........cceeeiiieeiiieeiiie e e 25
2.2.9 Confusion MAtliX .....ccceeeiieriieriieiienieeiee et esitesee et eeeaee e e e ene 26
2.2.10 Metrik Evaluasi .......ccccocuieiiieiiieiieiieeieee et 27
2.2.11 Visualisasi Data........cccveeiiieeiiieeiiie et 28

X1



2.3 Integrasi Keilmuan ............cccoecueeriieiiieniiieie et 29

BAB Il METODOLOGI PENELITIAN.......cccvttiiiiiieiieeie et 32
3.1 Metode Penelitian..........c..oeecuiiiiiiieciiieciee et s 32
3.1.1 Identifikasi Masalah...........cccocoeeiienieniiiieecee e 32
3.1.2 Studi PUStaKa......oovieiiieiieeeeeeee e e 33
3.1.3 Pengumpulan Data..........ccceeviiiiiiiieiiieeeeeeeee e 33
3.1.4 Data PreproCeSSINg.......ccuveeiieriieeiiesiieeieeriieeieesieesveesseeesreeseneeseesnneenne 36
3.1.5 TOKENIZALION ....uvveeeeieiieeiieeiie ettt ettt ettt s re et e enbeeseaeenseenee e 38
3.1.6 Feature EXtraction ..........cccuveeeiieiiiieeciee ettt 42
3.1.7 Sentiment Clasification Model.............cccevieviierieiiienieeieeie e 45
3.1.8 Analisis dan Evaluasi Model............cccccoeviieiiiniiiiicieceee e, 46
BAB IV HASIL DAN PEMBAHASAN.......ccoiiieiieieeie et 48
4.1 Pengumpulan Data .........ccc.oeiiiiiiiiiiiiissiiessine st 48
4.2 Data PrepPrOCESSINEZ. ... ueiueeeiiieiieeieeiieeieeeeeesseessesaneeeseessseeseessseesseesssessseens 50
4.2.1 Stratified SAMPIING ....oovviriiiiiiiiiiiee et 52
4.2.2 OVEISAMPLING ......eeeiieiiieiieiieeie et et s esbe s s ssseessaseseeseeeenseessnesnsaens 53
4.2.3 EMOJi PreproCesSing........c.cccvuervuieriieiieniiienieeniesenseeneeeeseeneeeseesssesnseens 53
4.2.4 Case FOIdING ...coouveriiiiiiiiiiiiic ittt 54
4.2.5 TeXt ClEANING «.eevvveiiurerieerieieieeieeestesseessesessaesseeeseesssesseesseessseesssessseens 55
4.2.6 StOPWOTAS . ceeuvteeeiurieerireeasteeaiseeesinneeassaeesisnessssneesnseeensseesnsseesssseesnsseesnsses 55

4.3 TOKENIZALION ....veeeieiieeeiieecissesssssesneeesseeeereeessseeesareeessreeeesseeesssesesseesnseeennns 56
4.4 Feature EXIraction .......c.ccccveeeiuieeeiieeeiieeciteeeiee et eeivee e 58
4.5 Sentiment ClassificationsModel .........cocooeieniioeniin i TR0 T 60
4.6 Analisis dan Evaluasi Model...................oo e, 61
4.6.1 Evaluasi Sentimen.................... 1 YT A VST AN A WS 61
4.6.2 Evaluasi ASPEK ......cccuiieiuiiieiiieeiieeeiieeeee ettt 65

4.7 DISKUST «.eeeiiiieiiieeiie ettt ettt e e e ve e e eabee e eaveeeareeenreeeareeenens 69
BAB V PENUTUP......oooiieeeeesteeee ettt 71
5.1 KEeSIMPUIAN ..ot et e e e seaee e 71
5.2 SATAN...ceiiiieiiiie ettt e st e et e et e st esnreeea 72
DAFTAR PUSTAKA ...ttt sttt st 73

Xii



Tabel 2.
Tabel 2.
Tabel 2.
Tabel 3.
Tabel 3.
Tabel 3.
Tabel 3.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.
Tabel 4.

DAFTAR TABEL

1 Penelitian TerdahulU........c.ccooeviiiiiniiiiiieeeee e 9
2 Perbandingan Varian IndoBERT ............cccccoeiiiiiiiiiiiniiceeeee, 22
3 Confusion Matrix Tiga Kelas ......c.cccccvveviiiiiiiiiiiiiecie e 26
1 Distribusi Ulasan Berdasarkan Bahasa ...........cccccoooiiniiiiiiniiiiienee 34
2 Distribusi Ulasan berdasarkan Sentimen dan aspek.............cccccuvennennne. 34
3 Hasil Pengumpulan Data...........ccccoevieiiiiniieiieiecieeceee e 35
4 Parameter Pengujian Model Sentiment Analysis ........cccccoceeverieneennen. 45
1 Distribusi Ulasan per Lokasi dan Platform ..............ccccooiiiiiiinnnee 48
2 Contoh Ulasan Mentah Sebelum Konversi..........cccccoecveeiieniiiiiiennnne. 48
3 Distribusi Ulasan Setelah menghapus NaN ...........c..ccccoeceeviriiiiennnnnne. 50
4 Contoh Ulasan setelah Konversi .......coceeviviiiienieniiiienienieceieseeee 51
5 Jumlah Ulasan Setelah Eksplorasi..........ccooceeviineiiniiieniiiiiinieciiee 51
6 Distribusi Setelah Stratified Sampling ...........ccooeiiiininiininininenene 52
7 Distribusi Ulasan Setelah Oversampling.......c...ccceeeiienieecieenieenieennnnnne. 53
8 Proses EMOji Preprocessing .........oevveevveeriiienieeneiienieeiienieeieeneeeveeenes 54
9 Proses Case FOldINg ...........cocoovuiiiiniininiiiiiiiececcecceeeceee 54
10 Proses Text CLeanIng ..........coo.uieiueerurieiienieeieeeiie e 55
11 Proses STOPWOTAS ...ciuvieeiiiieanieeaiieeeeiieeeiieeeieeesreeerireeeeereeesreesnaeeenee 56
12 Proses TOKENIZation..........c.eevueerieiniieniiinieeieeee e 57
13 IndOBERT-LSTM. L.l tecih ittt sin e Lol 58
14 IndOBERT-AENTION . ruvveiiiiipinniieiie e st e 59
15 IndOBERT-BASE .....cc.iiiiiiiiiii ettt 60
16 Hasil Evaluasi Sentimen IndoBERT-LSTM........cccoociiiinininnnene. 62
17 Hasil Evaluasi Sentimen IndoBERT-Attention ...........ccccceveveeiiennnne. 63
18 Hasil Evaluasi Sentimen IndoBERT-Base..........cccccoceviinirnienieneennen. 64
19 Hasil Evaluasi Sentimen Klasifikasi Sentimen ..........ccccccevoveviieennnne 65
20 Hasil Evaluasi per Aspek indoOBERT-LSTM........ccccociiiiiniiniinnncnne 65
21 Hasil Evaluasi per Aspek indoBERT-Attention ............cccceceveenuennnen. 66
22 Hasil Evaluasi per Aspek indoBERT-Base.........c.ccccevieniincnienennnen. 67
23 Perbandingan Metrik Akurasi dan F1-Score ..........ccoceeieeniiniinnnne 68
26 Hasil Evaluasi Perbandingan Penelitian............ccccoecveeviiieinieeenneenne, 69

xiil



DAFTAR GAMBAR

Gambar 2. 1 Arsitektur TranSformers ..........ccecevieveriienieniiienienecceeeee 18
Gambar 2. 2 Proses Word Embedding pada Arsitektur BERT..............ccccocvenee. 19
Gambar 2. 3 Arsitektur BERT .......oooiiiiiiieeee e 20
Gambar 2. 4 Proses Pelatihan IndoBERT dengan MLM dan NSP ....................... 21
Gambar 2. 5 Model BERT-LSTM.......ccccoiiiiiiiiniieiiiieeeeee e 24
Gambar 2. 6 10-Fold Cross Validation............ccceceeveeienieniiienienceieeeneeeene 26
Gambar 2. 7 Bar CRaTt ........cooiiiiiiiiiiiiieieeeeeeeeeee et 28
Gambar 2. 8 Visualisasi PCA ..........ociiiiiie it 29
Gambar 3. 1 Alur Penelitian........cccoooieriiiiiinie e 32
Gambar 3. 2 Tahap Tokenisasi Menggunakan WordPiece................ccoeevverrrennenne 38
Gambar 3. 3 Tahap Menjadi Token Embedding............cccoeevieniiiiiiniieiieieens 39
Gambar 3. 4 Tahapan Pemberian Token Padding ........c.cccoueeviniininiiniiniincnnene. 39
Gambar 3. 5 Indeks pada Vocabulary Model ............cccoiiniiiinininiiiccee, 40
Gambar 3. 6 Tahap Substitusi ID dari Setiap Token .......cc.oeeveeiiieiieniieiiienieeens 40
Gambar 3. 7 Tahap Sentence Embedding ..............cccoevieniieniieniiiiienieeieeeie e 40
Gambar 3. 8 Tahap Positional Embedding........cccooiviiiiniiiiniiniiiiiicicnne 41
Gambar 3. 9 Proses Tokenisasi BERT ... 41
Gambar 3. 10 Representasi Input dan Output pada Tokenisasi BERT.................. 42
Gambar 3. 11 Alur Klasifikasi IndoOBERT-LSTM........ccccccevviiiriiiinieiiieeee e 43
Gambar 3. 12 Alur Klasifikasi IndoBERT-Attention................. Ll 44
Gambar 3. 13 Alur Klasifikasi INndOBERT ,..........cccoiiiiiiieiiiieniecienieeceeee 44
Gambar 4. 1 Distribusi Ulasan berdasarkan Sentimen dan Aspek........................ 49
Gambar 4. 2 Jumlah Data Setelah Penghapusan Data NaN.............c.ccccceeennennne. 50
Gambar 4. 3 Distribusi Setelah Stratified Sampling ..........cccovvveveiiiiiinicncnnne. 52
Gambar 4. 4 Distribusi sentimen sesudah oversampling ............ccccceeceeeviienneennens 53
Gambar 4. 5 Visualisasi IndoBERT dan IndoBERT-LSTM dengan enam lapisan

menengah terakhir dari IndoBERT pada akhir epoch ke-1 dan ke-6. ................... 61
Gambar 4. 6 Confusion Matrix Sentimen IndoBERT-LSTM ........cccccocevieiennene. 62
Gambar 4. 7 Confusion Matrix Sentimen IndoBERT-Attention............ccccccueuneene. 63
Gambar 4. 8 Confusion Matrix Sentimen IndoBERT-Base ............ccoceeviinienncen. 64
Gambar 4. 9 Confusion Matrix Aspek IndoOBERT-LSTM ........cccccooeviviierinennne. 66

Xiv



Gambar 4. 10 Confusion Matrix IndoBERT-Attention...........cccceeeveecveenveecinennnen. 67
Gambar 4. 11 Confusion Matrix Aspek IndoBERT-Attention...........c.ccccvevvenen. 68

XV

http://digilib.uinsa.ac.id/ http://digilib.uinsa.ac.id/ http://digilib.uinsa.ac.id/



DAFTAR PUSTAKA

Ahmed, K., Nadeem, M.I., Zheng, Z., Li, D., Ullah, 1., Assam, M., Ghadi, Y.Y.,
Mohamed, H.G., 2023. Breaking down linguistic complexities: A structured
approach to aspect-based sentiment analysis. Journal of King Saud
University - Computer and Information Sciences 35, 101651.
https://doi.org/10.1016/j.jksuci.2023.101651

Ain, Q., Utami, E., Nasiri, A., 2024. ANALISIS SENTIMEN: PREDIKSI RATING
TERHADAP REVIEWS WISATAWAN TANJUNG PUTING PADA
TRIPADVISOR MENGGUNAKAN SUPPORT VECTOR MACHINE.
jipi. jurnal. ilmiah. penelitian. dan. pembelajaran. informatika. 9, 1586—
1595. https://doi.org/10.29100/jipi.v9i3.5430

Alammar, J., 2018. The Illustrated Transformer [WWW Document]. URL
https://jalammar.github.io/illustrated-transformer/ (accessed 3.5.25).

Alghunaim, A., 2015. A vector space approach for aspect-based sentiment analysis.

Ananda, D., Suryono, R.R., 2024. Analisis Sentimen Publik Terhadap Pengungsi
Rohingya di Indonesia dengan Metode Support Vector Machine dan Naive
Bayes. mib 8, 748. https://doi.org/10.30865/mib.v8i2.7517

Arianto, D., Budi, I., 2023. Analisis Sentimen Berbasis Aspek dan Pemodelan Topik
pada Candi Borobudur dan Candi Prambanan. JURNAL MULTIMEDIA
NETWORKING INFORMATICS 8, 141-150.
https://doi.org/10.32722/multinetics.v8i2.5056

Baskoro, B.B., Susanto, I., Khomsah, S., 2021. Analisis Sentimen Pelanggan Hotel
di Purwokerto Menggunakan Metode Random Forest dan TF-IDF (Studi
Kasus: Ulasan Pelanggan Pada Situs TRIPADVISOR). Journal of
Informatics Information System Software Engineering and Applications
(INISTA) 3, 21-29. https://doi.org/10.20895/inista.v3i2.218

Baum, T., 2006. Human resource management for tourism, hospitality and leisure:
an international perspective. Thomson Learning, London.

Brownlee, J., 2019. Probability for Machine Learning: Discover How To Harness
Uncertainty With Python, Machine Learning Mastery.

Chawla, N.V.,!Bowyer, KiW., Hall, L.O:, Kegelmeyer, W.‘P., 2002. SMOTE:
Synthetic Minority .. Over-sampling Technique.
https://doi.org/10.48550/ARXIV.1106.1813

Cochran, W.G., 1977. Sampling techniques, 3d ed. ed, Wiley series in probability
and mathematical statistics. Wiley, New York.

Cooper, Chris, 2008. Tourism Principles and Practice. Ft Pr.

Devlin, J., Chang, M.-W., Lee, K., Toutanova, K., 2018. BERT: Pre-training of
Deep Bidirectional Transformers for Language Understanding.
https://doi.org/10.48550/ARXIV.1810.04805

Duval, D.T., 2007. Tourism and transport: modes, networks and flows, Aspects of
tourism texts. Channel View Publications, Clevedon ; Buffalo.

Ezzameli, K., Mahersia, H., 2023. Emotion recognition from unimodal to
multimodal analysis: A review. Information Fusion 99, 101847.
https://doi.org/10.1016/j.inffus.2023.101847

Faisal, D.R., Mahendra, R., 2022. Two-Stage Classifier for COVID-19
Misinformation Detection Using BERT: a Study on Indonesian Tweets.
https://doi.org/10.48550/arXiv.2206.15359

73



Fawcett, T., 2006. An introduction to ROC analysis. Pattern Recognition Letters 27,
861-874. https://doi.org/10.1016/j.patrec.2005.10.010

Febriany, A.K., Wahyuni, E.D., Permatasari, R., 2024. Analisis Sentimen Berbasis
Aspek Pada Ulasan Aplikasi Indrive Menggunakan Bidirectional Encoder
Representations From Transformers (Bert). Jurnal Ilmiah Wahana
Pendidikan 10, 105—115. https://doi.org/10.5281/zenodo.14263982

Fernandez, A., Garcia, S., Galar, M., Prati, R.C., Krawczyk, B., Herrera, F., 2018.
Learning from imbalanced data sets. Springer, Cham.

Friendly, M., 2008. A Brief History of Data Visualization, in: Handbook of Data
Visualization. Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 15-56.
https://doi.org/10.1007/978-3-540-33037-0 2

Gunn, C.A., 1988. Vacationscape: designing tourist regions, 2. ed. ed. Van Nostrand
Reinhold, New York.

Gustafia Hutabarat, D., Edi Subiyanto, A., 2024. Pengelolaan Cagar Budaya
Ditinjau Dari Perspektif Otonomi Daerah (Studi Hukum Kawasan Candi
Borobudur Dan Prambanan). JPKMN 5, 1265-1273.
https://doi.org/10.55338/jpkmn.v511.2890

Haibo He, Garcia, E.A., 2009. Learning from Imbalanced Data. IEEE Trans.
Knowl. Data Eng. 21, 1263—1284. https://doi.org/10.1109/TKDE.2008.239

Hastie, T., Tibshirani, R., Friedman, J.H., 2009. The elements of statistical learning:
data mining, inference, and prediction, Second edition. ed, Springer Series
in Statistics. Springer, New York, NY.

Herlawati, H., Handayanto, R.T., Atika, P.D., Khasanah, F.N., Yusuf, A.Y.P., Septia,
D.Y., 2021. Analisis Sentimen Pada Situs Google Review dengan Naive
Bayes dan  Support Vector Machine. JKKI 5, 153-163.
https://doi.org/10.31603/komtika.v5i2.6280

Ibrohim, M.O., Budi, 1., 2019. Multi-label Hate Speech and Abusive Language
Detection in Indonesian Twitter, in: Proceedings of the Third Workshop on
Abusive Language Online. Presented at the Proceedings of the Third
Workshop on Abusive Language Online, Association for Computational
Linguistics, Florence, Italy, pp. 46-57. https:/doi.org/10.18653/v1/W19-
3506

Imron, S., Setiawan, E.I.,;Santoso, J., 2023. Deteksi Aspek Review E-Commerce
Menggunakan IndoBERT Embedding dan CNN. INSYST 5, 10-16.
https://doi.org/10.52985/insyst.v511.267

Indranila, R., 2025. Naik 25 Persen, 182 Ribu Wisatawan Kunjungi Borobudur,
Prambanan, dan Ratu Boko [WWW Document]. kumparan. URL
https://kumparan.com/pandangan-jogja/naik-25-persen-182-ribu-
wisatawan-kunjungi-borobudur-prambanan-dan-ratu-boko-24pyxXD3gw5
(accessed 5.7.25).

IPP, LH.R.H., S. Kom ,.M. Kom, M.Si, D.M., S.T., M.Kom, Z.M., M.Kom, N.C.,
S. Kom, M.Kom, S.N., S. Kom, M.Kom, A.S., S. SI, M.Kom, F.F., S. Kom,
M.Kom, D.L.T.,, S. Kom, M.T, AK.S., S. Pd, M.M, L HK., S.E., 2024.
KECERDASAN BUATAN. Cendikia Mulia Mandiri.

Jazuli, A., Widowati, Kusumaningrum, R., 2024. Optimizing Aspect-Based
Sentiment Analysis Using BERT for Comprehensive Analysis of Indonesian
Student Feedback. Applied Sciences 15, 172.
https://doi.org/10.3390/app15010172

74



Jolliffe, I.T., 2002. Principal Component Analysis, Springer Series in Statistics.
Springer-Verlag, New York. https://doi.org/10.1007/b98835

Khoirul Insan, M.K., Hayati, U., Nurdiawan, O., 2023. ANALISIS SENTIMEN
APLIKASI BRIMO PADA ULASAN PENGGUNA DI GOOGLE PLAY
MENGGUNAKAN ALGORITMA NAIVE BAYES. jati 7, 478-483.
https://doi.org/10.36040/jati.v711.6373

Kohavi, R., 1995. A Study of Cross Validation and Bootstrap for Accuracy
Estimation and Model Selection. Appears in the International Joint
Conference on Articial Intelligence [JCA.

Kohavi, R., Provost, F., 1998. Glossary of terms. Machine Learning 30, 271-274.
https://doi.org/10.1023/A:1017181826899

Koto, F., Rahimi, A., Lau, J.H., Baldwin, T., 2020. IndoLEM and IndoBERT: A
Benchmark Dataset and Pre-trained Language Model for Indonesian NLP,
in: Proceedings of the 28th International Conference on Computational
Linguistics. Presented at the Proceedings of the 28th International
Conference on Computational Linguistics, International Committee on
Computational Linguistics, Barcelona, Spain (Online), pp. 757-770.
https://doi.org/10.18653/v1/2020.coling-main.66

Kralj Novak, P., Smailovi¢, J., Sluban, B., Mozeti¢, 1., 2015. Sentiment of Emojis.
PLoS ONE 10, e0144296. https://doi.org/10.1371/journal.pone.0144296

Li, D., Ahmed, K., Zheng, Z., Mohsan, S.A.H., Alsharif, M.H., Hadjouni, M.,
Jamjoom, M.M., Mostafa, S.M., 2022. Roman Urdu Sentiment Analysis
Using  Transfer  Learning.  Applied  Sciences 12,  10344.
https://doi.org/10.3390/app122010344

Liu, X., He, P., Chen, W., Gao, J., 2019. Multi-Task Deep Neural Networks for
Natural Language Understanding.
https://doi.org/10.48550/ARXIV.1901.11504

Mikolov, T., Chen, K., Corrado, G., Dean, J., 2013. Efficient Estimation of Word
Representations in Vector Space.
https://doi.org/10.48550/ARXIV.1301.3781

Morgan, N. (Ed.), 2008. Destination branding: creating thej unique destination
proposition, 2. ed., reprinted. ed: Butterworth-Heinemann, Amsterdam.

Muljadi A. J., 2009: Kepariwisataan dan perjalanan, [Ed. 1.]. ed. Rajawali Press,
Jakarta.

Nissa, N.K., Yulianti, E., 2023. Multi-label text classification of Indonesian
customer reviews using bidirectional encoder representations from
transformers language model. IJECE 13, 5641.
https://doi.org/10.11591/ijece.v13i5.pp5641-5652

Nurhasanah, Y.I., Naufal, M.T., 2024. Klasifikasi Sentimen Pada Buzzer Politik
Jelang Pemilu 2024 menggunakan Metode Lexicon-based. MIND Journal
9, 166—178. https://doi.org/10.26760/mindjournal.v9i2.166-178

Oktavia, 1., Isnain, A.R., 2024. Analisis Sentimen Opini Terhadap Tools Artificial
Intelligence (AI) Berdasarkan Twitter Menggunakan Algoritma Naive
Bayes. mib 8, 777. https://doi.org/10.30865/mib.v812.7524

Pennington, J., Socher, R., Manning, C., 2014. Glove: Global Vectors for Word
Representation, in: Proceedings of the 2014 Conference on Empirical
Methods in Natural Language Processing (EMNLP). Presented at the
Proceedings of the 2014 Conference on Empirical Methods in Natural

75



Language Processing (EMNLP), Association for Computational
Linguistics, Doha, Qatar, pp. 1532—1543. https://doi.org/10.3115/v1/D14-

1162
Powers, D.M.W., 2020. Evaluation: from precision, recall and F-measure to ROC,
informedness, markedness and correlation.

https://doi.org/10.48550/ARXIV.2010.16061

Prameswari, P., Surjandari, 1., Laoh, E., 2017. Opinion mining from online reviews
in Bali tourist area, in: 2017 3rd International Conference on Science in
Information Technology (ICSITech). Presented at the 2017 3rd International
Conference on Science in Information Technology (ICSITech), IEEE,
Bandung, pp. 226-230. https://doi.org/10.1109/ICSITech.2017.8257115

Putra, B.F.R., Pranatawijaya, V.H., Putra, P.B.A.A., 2024. ANALISIS SENTIMEN
BERBASIS ASPEK PADA TEMPAT WISATA DI KALIMANTAN
TENGAH DENGAN MEMANFAATKAN MODEL DEEP LEARNING.
jcoms 4, 200-211. https://doi.org/10.47111/jointecoms.v4i3.19180

Rahman, R.A., Pranatawijaya, V.H., Sari, N.N.K., 2024. Analisis Sentimen
Berbasis Aspek pada Ulasan Aplikasi Gojek. KONSTELASI 4, 70-82.
https://doi.org/10.24002/konstelasi.v4i1.8922

Salminen, J., Hopf, M., Chowdhury, S.A., Jung, S., Almerekhi, H., Jansen, B.J.,
2020. Developing an online hate classifier for multiple social media
platforms. Hum. Cent. Comput. Inf. Sci. 10, 1.
https://doi.org/10.1186/s13673-019-0205-6

Singgalen, Y.A., 2022. Analisis Sentimen Wisatawan Melalui Data Ulasan Candi
Borobudur di Tripadvisor Menggunakan Algoritma Naive Bayes Classifier.
bits 4. https://doi.org/10.47065/bits.v4i3.2486

Soekmono, R., 1976. Chandi Borobudur: a monument of mankind. Van Gorcum ;
The Unesco Press, Assen : Paris.

Song, Y., Wang, J., Liang, Z., Liu, Z., Jiang, T., 2020. Utilizing BERT Intermediate
Layers for Aspect Based Sentiment Analysis and Natural Language
Inference. https://doi.org/10.48550/arXiv.2002.04815

Sonnleitner, K. 2011. Destination image and its effects on tourism marketing and
branding: 'a case study about the Austrian National Tourist Office - with a
special focus on;the market Sweden. LAP. Lambert Acad. Publ,
Saarbriicken.

Sun, C., Huang, L., Qiu, X., 2019. Utilizing BERT for Aspect-Based Sentiment
Analysis via Constructing Auxiliary Sentence, in: Proceedings of the 2019
Conference of the North. Presented at the Proceedings of the 2019
Conference of the North, Association for Computational Linguistics,
Minneapolis, Minnesota, pp. 380-385. https://doi.org/10.18653/v1/N19-
1035

Tufte, E.R., 2013. The visual display of quantitative information, 2nd ed., 8th print.
ed. Graphics Press, Cheshire, Conn.

Tun Thura Thet, Na, J.-C., Khoo, C.S.G., 2010. Aspect-based sentiment analysis of
movie reviews on discussion boards. Journal of Information Science 36,
823—-848. https://doi.org/10.1177/0165551510388123

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A.N., Kaiser,
L., Polosukhin, 1., 2017. Attention Is All You Need.
https://doi.org/10.48550/ARXIV.1706.03762

76



Wabhjoerini, W., Pamurti, A.A., Prabowo, D., 2022. PELATIHAN PEMBUATAN
VISUALISASI DATA SPASIAL BAGI SISWA SMA WALISONGO
SEMARANG. SELAPARANG 6, 1126.
https://doi.org/10.31764/jpmb.v613.9331

Wijayanto, R., Pradana, F., Bachtiar, F.A., 2020. Pembangunan Sistem Chatbot
Informasi Objek Wisata Kota Malang berbasis Web. Jurnal Pengembangan
Teknologi Informasi dan Ilmu Komputer 4, 1524—-1530.

Wilie, B., Vincentio, K., Winata, G.I., Cahyawijaya, S., Li, X., Lim, Z.Y., Soleman,
S., Mahendra, R., Fung, P., Bahar, S., Purwarianti, A., 2020. IndoNLU:
Benchmark and Resources for Evaluating Indonesian Natural Language
Understanding, in: Proceedings of the 1st Conference of the Asia-Pacific
Chapter of the Association for Computational Linguistics and the 10th
International Joint Conference on Natural Language Processing. Presented
at the Proceedings of the 1st Conference of the Asia-Pacific Chapter of the
Association for Computational Linguistics and the 10th International Joint
Conference on Natural Language Processing, Association for
Computational ~ Linguistics, ~ Suzhou, = China, pp.  843-857.
https://doi.org/10.18653/v1/2020.aacl-main.85

World Trade Organization (Ed.), 2007. World Trade Report 2007: Six Decades of
Multilateral Trade Cooperation: What Have We Learnt? WTO,
Erscheinungsort nicht ermittelbar.

Wu, Y., Schuster, M., Chen, Z., Le, Q.V., Norouzi, M., Macherey, W., Krikun, M.,
Cao, Y., Gao, Q., Macherey, K., Klingner, J., Shah, A., Johnson, M., Liu, X.,
Kaiser, L., Gouws, S., Kato, Y., Kudo, T., Kazawa, H., Stevens, K., Kurian,
G., Patil, N., Wang, W., Young, C., Smith, J., Riesa, J., Rudnick, A., Vinyals,
0., Corrado, G., Hughes, M., Dean, J., 2016. Google’s Neural Machine
Translation System: Bridging the Gap between Human and Machine
Translation. https://doi.org/10.48550/arXiv.1609.08144

Xiao, Z., Wu, J., Chen, Q., Deng, C., 2021. BERT4GCN: Using BERT Intermediate
Layers to Augment GCN for Aspect-based Sentiment Classification.
https://doi.org/10.48550/ARXIV.2110.00171 |

Xu, H., Liu, B:, Shu, L., Yu, P., 2019."BERT Post-Training for Review Reading
Comprehension and, Aspect-based; Sentiment Analysis, in: Proceedings of
the 2019 Conference of the North. Presented at the Proceedings of the 2019
Conference of the North, Association for Computational Linguistics,
Minneapolis, Minnesota, pp. 2324-2335. https://doi.org/10.18653/v1/N19-
1242

Yang, Y., Zhou, W., Jiskani, .M., Lu, X., Wang, Z., Luan, B., 2023. Slope Stability
Prediction Method Based on Intelligent Optimization and Machine
Learning Algorithms. Sustainability 15, 1169.
https://doi.org/10.3390/su15021169

Ye, L., Wei, C., Heran, N., Yimeng, Y., 2022. Review Mining for Experiential
Products Incorporating Word2vec and Review Sentiment Tendencies.
Procedia Computer Science 214, 1492-1499.
https://doi.org/10.1016/j.procs.2022.11.335

77



