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[Abstract]

In this paper, we propose a movie recommendation model that uses the users’ ratings as well as
their reviews. To understand the user’s preference from multicriteria perspectives, the proposed model is
designed to apply attribute-based sentiment analysis to the reviews. For doing this, it divides the
reviews left by customers into multicriteria components according to its implicit attributes, and applies
BERT-based sentiment analysis to each of them. After that, our model selectively combines the
attributes that each user considers important to CF to generate recommendation results. To validate
usefulness of the proposed model, we applied it to the real-world movie recommendation case.
Experimental results showed that the accuracy of the proposed model was improved compared to the
traditional CF. This study has academic and practical significance since it presents a new approach to
select and use models in consideration of individual characteristics, and to derive various attributes from

a review instead of evaluating each of them.

» Key words: Recommender Systems, Collaborative Filtering, Multicriteria Recommendation,
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I. Introduction
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II. Preliminaries

1. BERT (Bidirectional Encoder Representations
for Transformers)
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2. Collaborative Filtering

FRAAHS HEE B AFEA] ofs) 7tEl ofol
S0 cigt BA S o 5sts AR W A|ARlo|c 23
NAE] B3 ALGAE FL 71 ofoldel ohel £
83510 2 9l AL shEE Zolci10]
2 712508 PSR THoRE A g T A%
(Content-based Recommendation)yt @LZE 0]

o]
%S
o} o] &, g 7Ivt FHA AR ofo]alo] 4442 B

iﬂMAH



Multicriteria Movie Recommendation Model Combining Aspect-based Sentiment Classification Using BERT 203

sto] AR&APE 7120 4

N5
ZA5H= viAlo|c), gk

rulo

o]
S % golgo] 7]¥iete] S8 1T GARSH 1740 @i
gt otolglS slig A7Mof|A] 243ttt 1780 S tjo]E]
7|90 2 178 7to] QAT ARIstL, LOfsA] ke
ofoldlof] Tjjst M3 & o&sitt FUUEHAL IA &

IR Ys 4 =t tl2e] 7|8 Memory-based) &

ALE Ay}t 2 (Model-based CF) 7]§F fddejdloz
LA 2] 78t JADEF2 AREALLE ofol&lo]
tict &2 &8sto] ARgAR-ofoldl 7He] UAE ALtst
+ Yoy F2 Hlol= YEYA
(Baysian Network)U} Q1-5AIAY & cjofst 7]A|ks 7]
He Bl £42 Z188sk= wo|ti{10].

AAEHPY HsZ FTIA7I17] sl AREARe] ~oj
o, AlFol dist BA, AM miEl 59 A7t Hol o]F
Asg Uetdi= dasel A&
=X B HolHg ARESligTti{1-6][11-12]. sHX|9F HA
o] gt 2 RoA9] TFETT A YEhd= 7t

gt WS o83 JYWEUS] A of2at B2

2 wgsia] SRchs a7V} Q1]

Ev

i, 23 7EE HgEE

3. ABSA(Aspect-Based Sentiment Analysis)
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4. Recommender Systems using Sentiment
Analysis

QBN A&t o] A8 YEY T AMulA AR
WA Z7RIA aHlAlEe 22lo] ARAle] ojZiofit

RS ol 74971 wolRLh AfH Az 248 o)

eh & Aol dist 7= Tes] BAEE §71e Jlddl 2
AR AL =72 A/dsHAl HRIA, 25 TlolElt 35t
Al =0 2lRolls sl el tistel AFgARE Zal
Q= M3 zof st AA|5ta AlIZ|S 4 Q)= MY S Thy
Q7] mh2o)] A AG0] F&shlo] 48 uolt
[15]. Z4Eae ZHAAR0] 3% ol a3

Table 1. Summary of the prior studies on
recommender system using sentiment analysis

Ref. Method Data
e Creating new ratings by reflecting .
. . Movie
the emotional features in the .
[1] . . i o Rating,
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. Review
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[5] recommendation algorithm using Rating,
BERT Review
. Movi
e CF that analyses product reviews O.Vle
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Review
* Using the LDA technique to grasp Hotel
[17] the hidden information and Review
attributes of the review
L Arabi
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[18] sentiment analysis using a special .
. Rating,
lexicon .
Review

III. The Proposed Scheme

1. Basic Models
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Table 2. Basic Models

Model Name Description Range
ConvCF Rating 1~10
SentCF Sentiment Anal}/5|s on “1~1

Overall Review
ActorCF Aspect Ba.sed Sentiment 11
Analysis on Actor
DirectingCF Aspect Based S.entlr.nent 11
Analysis on Directing
Aspect Based Sentiment .
StoryCF Analysis on Story 1~

2. Proposed Models: Composite Models

User Rating Data
(Training)

User Review Data
(Training)

Sentiment Analysis
(using BERT)

User-Item
Overall Sentiment
Matrix Creation

User-ltem Rating
Matrix Creation

User-ltem User-ltem
Rating Sentiment
Matrix Matrix

Sentiment

Similarity Calculation

Rating Similarity
Calculation
Rating Prediction
using ConvCF

Rating Prediction
using SentCF

Accuracy Comparison

CF Model Selection

User Rating Data
(Test)

User Review Data
(Test)

Item Recommendation
(Model Validation)

Fig. 1. Process of the Proposed Model 1
(ConvCF+SentCF)
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Mo 2 =

User Rating Data
(Training)

User Review Data
(Training)

Aspect-Based
Sentiment Analysis
(using BERT)

User-ltem
Aspect Sentiment
Matrix Creation

User-ltem Rating

Matrix Creation

User-ltem User-Item User-ltem User-Item
Rating Actor Sentiment Story Sentiment | | Djrecting Sentiment
Matrix Matrix Matrix Matrix

Rating Similarity Aspect Sentiment
Calculation Similarity Calculation
Rating Prediction Rating Prediction
using ConvCF using ActorCF [ StoryCF / DirectingCF
Accuracy Comparison
CF Model Selection

User Rating Data
(Test)

User Review Data
(Test)

Item Recommendation
(Model validation)

Fig. 2. Process of the Proposed Model 2
(ConvCF+ActorCF+DirectingCF+StoryCF)
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IV. Empirical Validation
1. Experimental Environment
2 AN af" 25 A2 Windows 10

Enterprise 64bit7} X% Intel(R) Core(TM) i7-3770
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Python 3.7.12 ®#{Xo]d, BERT ¥¢12]&L2 Pythonf]
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BeautifulSoup zto]E22]S AR5t

2. Data Collection
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Python®] BeautifulSoup 2}o]|B2{2]E &8st A I =5
£ ARkt ) 225 S5l Y HolEle 4470
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of 330t 749] tol8] & 275 67l olskz g7l ARE
Aol Hlo8& AIAsHRAL, 447 0] e} & 30%0°] SHTE]
L 13H9] sl 715802 ARRSP] Yol 758 136
Qfstol ojst Balo] & % gie AR Eah B4 o)
ol Aelalaict. HAle] Ye & User 2& 71 2,934
BollA 2,5158 02 FAastgint. Hloly &4 Zibe oS
o] & 37} 7},

Table 3. Experimental Dataset

/4 7} A =01 MAE(Mean Absolute Error)S ARE5H9
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4. Experimental Results

A ALEEP S ST BA oS0 o4 BERT 77
NS 23 AT Ohg & 49 Zo] ATt AHEE
o}, &= 9} F1-Score?} 25 0.8 4J2lsto] & Ao
A F-539t BERT 7|9He] /24 B2 AlZlstal ARE
3 4 QISR 22YUS WA SIE 2 glgirt
Table 4. Classification Result of BERT-based
Sentiment Analysis

Accuracy Precision Recall F1-Score

0.844 0.781 0.857 0.803

o149] BERT 7324 29 2A7}S vlgoz 5 44
of g} 5 70%0] st 31MS gak B L Rz
81458 8t Loix] 30%0] st 1380] dsto] it
ol&g 23ysloick. obel B A7t Ashe FUTE
% 839 o5 a2 vwsh] 95 2t lojello] of

olr

L=y
ug A3 7 Bdo] Hadel MABE 2582 718
o2 AEAQ AAHE|-o] 2.0752 7Y HaL, ConvCF

< StoryCF < SentCF < DirectingCF < ActorCF &~02
Uehdth. shAleh SAtES AEsoR Melsol Argat
AIRE R@7bA] vlwsl B, 2R5o) &4 A2 At
2 M¥xo g A3 Aot B @20 QXP7} 2.0626= 7}
AR, 2 2ol Ak 29 1, ConvCF o2 e
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Table 5. Comparison of MAEs from Basic Models

3. Evaluation Criteria

BERT 724484 Adode Hads w9l
Confusion matrix®] tjEAQl W7} X7 Accuracy,
Precision, Recall, F1-ScoreE AREstHal, FAA|AE]

of o5 gy W] QehAle chERel o5 gt

Users Items Ratings Dataset | ConvCF | SentCF | ActorCF | DirectingCF | StoryCF
2,515 44 30,502 Train 1.7136 | 1.9268 | 2.0564 2.0336 1.9541
Test 2.0715 | 2.0828 | 2.0925 2.0864 2.0822

Table 6. Comparison of MAEs from ConvCF and
Proposed Models

Proposed Proposed

Dataset ConvCF Model 1 Model 2
Train 1.7136 1.7052 1.6978
Test 2.0715 2.0698 2.0626
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Table 7. T-values from paired samples t-test

ConvCF Proposed Model 1

Proposed Model 1 3.839*

Proposed Model 2 5.836* 4815+
=Significant at the 1% level (p-value<0.01)

V. Conclusions

7180 W A7t o] ol H 2lFo] AR A/
A AT AYVEYL 2R WAIN £ v
shA] REICHE @AV Ak olo] & AT o2t &
g FRs] sl 47 Tl Zgeag Bl riatel
Hug MER0 2 NElshs 2HAAHS Aokl 7
Aoz, 2 Aol Aot mye AN 2R Wy
X Aalel 449 7R Aakg AHgstel ARt T 8

£ FASHEA WIS of Auef TSt 29
AHgAL SALEE AhEAOR ALES) AtgAld] Qe &
B eI 1 2, A Rl 2| 273 ) of
5 Y} 2 2 BAT 4
2 ATE 844, APR0R 133 e ool Zhe
=]

G0 @ s ol 59] 4R
A AFgEA oFe BERTE 83t 44 719 2%
AFETCH oA st ojopst ik,

# Ao Aotk 2ge] 4Rl ool
o2 %98 WIS W] A8 481 44 20
B712 Yo AT, & APoHE T2fat
of el FAPI I 538 Tlsteicie 7
o} ek 1 2 A% AR Tttt 44 Flelne
AR WGFON o Yud 27 AuAS AT
% oItk SRolA A9A ZHx7} ok sk ofee)
2 04?011AH Aze gat dlelo] stol 43E9

Solche A oA 48R oo F siet & 4 Yok,
g, A4S F) g o] 9% 45 Bl
solslgont B APt $E o) ooleS 2w
23 AefollA %50] olzofeke AP 9tk ol 2
g An 25 Qzlon, Ul AR e Hs
AJgk MAEC] Afo]7t ki olojs Eleleloicks e 2
A7) T C}2 oz AJZEc obge] BERT A
a2 Aol e Alo] AQEcks A o] £ad )
Aolekir & 4 ok ol2fat SAHES F4ATE £
weElofo} & Zlolth. o Lot @xfo] Aigk AlAR)
749 &= dolelol] 9hi A 8sloiRIer Lot 9o o
olElZ TRt SOl 4 78 AHENS Ag
2 9% ¥5 AW WRY 7o B
ACKNOWLEDGMENT

This research was supported by the BK21
FOUR (Fostering Outstanding Universities for
Research) funded by the Ministry of Education
and National Research Foundation of Korea.

REFERENCES

[1]1 1. Y. Hyun, S. Y. Ryu, and S. Y. Lee, "How to improve the
accuracy of recommendation systems: Combining ratings and
review texts sentiment scores," Journal of Intelligence and
Information Systems, Vol. 25, No. 1, pp. 219-239, March 2019.
http://dx.doi.org/10.13088/jiis.2019.25.1.219

[2] C. Musto, M. de Gemmis,
Multi-criteria Recommender System Exploiting Aspect-baed

G. Semeraro, and P. Lops, A

Sentiment Analysis of Users’ Reviews, Proceedings of the 11th
ACM Conference on Recommender Systems, pp. 321-325, Aug.
2017. https://doi.org/10.1145/3109859.3109905

[3]1 Y. Zhuang, and J. Kim, "A BERT-Based Multi-Criteria
Recommender System for Hotel Promotion Management,"
Sustainability, Vol. 13, No. 14, 8039, Jul. 2021. https://doi.org/
10.3390/su13148039

[4] H. Y. Park, and K. J. Kim. "Recommender system using BERT
sentiment analysis," Journal of Intelligence and Information
Systems, Vol. 27, No. 2, pp. 1-15, Jun. 2021. https://doi.org/10
.13088/511s.2021.27.2.001

[5] D. Deng, L. Jing, J. Yu, S. Sun, and H. Zhou, Neural gaussian
mixture model for review-based rating prediction, Proceedings of



Multicriteria Movie Recommendation Model Combining Aspect-based Sentiment Classification Using BERT 207

the 12th ACM Conference on Recommender Systems, pp.
113-121, Sep. 2018. https://doi.org/10.1145/3240323.3240353

[6] R. Duan, C. Jiang, and H. K. Jain, "Combining review-based
collaborative filtering and matrix factorization: A solution to
rating’s sparsity problem," Decision Support Systems, 113748,
Feb. 2022. https://doi.org/10.1016/j.dss.2022.113748

[7] H. E. Hannach, and M. Benkhalifa, "WordNet based implicit aspect

sentiment analysis for crime identification from Twitter,"
International Journal of Advanced Computer Science and
Applications, Vol. 9, No. 12, pp. 150-159, Dec. 2018. http://dx.doi
.org/10.14569/1JACSA.2018.091222

[8] J. Devlin, M. W. Chang, K. Lee, and K. Toutanova, "BERT:
Pre-training of deep bidirectional transformers for language
understanding." arXiv preprint arXiv:1810.04805, May 2019.

[9] M. Hoang, O. A. Bihorac, and J. Rouces, Aspect-based sentiment

analysis using BERT, Proceedings of the 22nd Nordic Conference
on Computational Linguistics, Sep. 2019.

[10] E. Y. Bae, and S. J. Yu, "Keyword-based Recommender System
Dataset Construction and Analysis," Journal of Korean Institute
of Information Technology, Vol. 16, No. 6, pp. 91-99, Jun. 2018.
http://dx.doi.org/10.14801/jkiit.2018.16.6.91

[11] Y. Lee, J. Lee, and H. Ahn, "Improvement of a Product
Recommendation Model using Customers’ Search Patterns and
Product Details," Journal of the Korea Society of Computer and
Information, Vol. 26, No. 1, pp. 265-274, Jan. 2021. https://doi.
org/10.9708/jksci.2021.26.01.265

[12] L. Rokach, F. Ricci, and B. Shapira, “Recommender systems
handbook,” Springer, 2015.

[13] P. Zhu, H. Zheng, and T. Qian, "Aspect aware learning for aspect
category sentiment analysis," ACM Transactions on Knowledge
Discovery from Data (TKDD), Vol. 13, No. 6, pp.1-21, Oct. 2019.
https://doi.org/10.1145/3350487

[14] H. J. Park, and K. S. Shin, "Aspect-Based Sentiment Analysis
Using BERT: Developing Aspect Category Sentiment
Classification Models," Journal of Intelligence and Information
Systems, Vol. 26, No. 4, pp.1-25, Dec. 2020. https://doi.org/1
0.13088/5iis.2020.26.4.001

[15] J. Y. Choeh, S. K. Lee, and Y. B. Cho, "Applying Rating Score’s
Reliability of Customers to Enhance Prediction Accuracy in
Recommender System," Journal of Digital Contents Society, Vol.
13, No. 7, pp. 379-385, Jul. 2013. https://doi.org/10.5392/JKC
A.2013.13.07.379

[16] S. Y. Yun, and S. D. Yoon, "Item-Based Collaborative Filtering
Recommendation Technique Using Product Review Sentiment
Analysis," Journal of the Korea Institute of Information and
Communication Engineering, Vol. 24, No. 8, pp. 970-977, Aug.
2020. https://doi.org/10.6109/jkiice.2020.24.8.970

[17] N. Akhtar, N. Zubair, A. Kumar and T. Ahmad, "Aspect Based
Sentiment Oriented Summarization of Hotel Reviews," Procedia

Computer Science, Vol. 115, pp. 563-571, Aug. 2017. https:
//doi.org/10.1016/j.procs.2017.09.115

[18] R. M. Sallam, M. Hussein, and H. M. Mousa, "Improving
collaborative filtering using lexicon-based sentiment analysis,"
International Journal of Electrical and Computer Engineering,
Vol. 12, No. 2, pp. 1744-1753, Apr. 2022. https://doi.org/10.11
591/ijece.v12i2.pp1744-1753

[19] M. J. Ku, and H. Ahn, "A Hybrid Recommender System based
on Collaborative Filtering with Selective Use of Overall and
Multicriteria Ratings," Journal of Intelligence and Information
Systems, Vol. 24, No. 2, pp. 85-109, Jun. 2018. https://doi.org/10.
13088/jiis.2018.24.2.085

[20] https://github.com/huggingface/pytorch-pretrained-BERT

[21] https://movie.daum.net/main

[22] L. Jiang, Y. Cheng, L. Yang, J. Li, H. Yan, and X. Wang, "A
trust-based collaborative filtering algorithm for E-commerce
recommendation system," Journal of Ambient Intelligence and
Humanized Computing, Vol. 10, pp. 3023-3034, Jun. 2018.
https://doi.org/10.1007/s12652-018-0928-7

Authors

Yurin Lee received the B.A. degree from Far
in 2020 She is
M.S.

School,

East University, Korea,

currently  pursuing  the degree in
IT  Graduate

University, Korea.

Business Kookmin

Yurin Lee is interested in business analytics, deep learning

and text mining.

Hyunchul Ahn received a B.S. in Industrial

Management from KAIST, and a M.E. and

7 Ph.D. from KAIST Graduate School of
= Management. He is currently working as a
&

professor of the Graduate School of Business

IT at Kookmin University. His main research areas include

Al applications in finance and customer relationship

management as well as behavioral models related to

information system acceptance.



