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Introduction
• People’s opinions about places reflect their emotional attachment to 

places that hold meanings to them.

• With the rise of social media platforms such as Google Reviews, 
TripAdvisor, and Yelp, vast number of opinions about local businesses, 
including restaurants, have been published online.
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How to utilize recent advancements in natural language processing 
(NLP) techniques to:

• help identify key aspects that customers care about when 
choosing restaurants,

• understand the rationales behind customers’ needs and 
preferences?



Background
• Numerous studies in the past have tried to identify restaurant quality attributes and investigate their effects on 

consumer decisions.
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Segment

Occasion

Choice

Determinant 
choice variable

Order of  choice 
variables

Evoked set Distribution

Influences of  a consumer’s choice of  restaurant
Source: Auty, S. (1992). Consumer choice and segmentation in the restaurant 
industry. Service Industries Journal, 12(3), 324-339.

Conceptual model showing the relationships between study variables
Source: Ryu, K., & Han, H. (2010). Influence of  the quality of  food, service, and physical 
environment on customer satisfaction and behavioral intention in quick-casual restaurants: 
Moderating role of  perceived price. Journal of  Hospitality & Tourism Research, 34(3), 310-329.



Background
• Existing studies utilized qualitative methods (survey, interview, and focus group) to collect and analyze responses from 

consumers, restricted to small sample sizes.
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Characterization of  the 
studies Number of  studies Frequency

(% of  total studies)

Type of  research

Survey 41 91.1

Qualitative 3 6.7

Experimental 1 2.2

Nature of  research
Exploratory 8 17.8

Descriptive 37 82.2

Characterization of  the Studies Analyzed Concerning the Choice of  Food Services, Published in the Period from 1979 to August of  2011
Source: Medeiros, C. O., & Salay, E. (2013). A review of  food service selection factors important to the consumer. Food and Public Health, 3(4), 176-190.



Background
• Existing studies utilized qualitative methods (survey, interview, and focus group) to collect and analyze responses from 

consumers, restricted to small sample sizes.

• Other studies (Do et al., 2019) have utilized NLP techniques to capture expressed sentiments or emotions in consumer 
reviews from online platforms.

• However, these computational methods tend to focus on improving their predictive power, overlooking theory 
implications.
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Methodology: A Computational Approach

Part I

Aspect-Based Sentiment Analysis

Part II

Agent-Based Modeling
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Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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document

Levels of sentiment analysis on texts

Source: Buffalo Field Campaign

https://www.buffalofieldcampaign.org/index.php?option=com_content&view=article&id=137:letters-to-the-editor&catid=124:advocacy-act-now
https://www.buffalofieldcampaign.org/index.php?option=com_content&view=article&id=137:letters-to-the-editor&catid=124:advocacy-act-now


Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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sentence

Levels of sentiment analysis on texts

“Excellent effort guys! Loved your work.”



Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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aspect

Levels of sentiment analysis on texts

“The staff was nice, but the food was not good.”



Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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word

Levels of sentiment analysis on texts

Positive: good, great, love, awesome, …
Neutral: restaurant, think, movement, …
Negative: murder, poison, terrible, awful, …



Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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document

sentence

aspect

word

Levels of sentiment analysis on texts

“The staff was nice, but the food was not good.”



Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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document

sentence

aspect

word

Levels of sentiment analysis on texts

dictionaries machine learning

Main approaches

AFINN1

LIWC4NRC3

Bing2

1 Nielsen, F. Å. (2011). A new ANEW: Evaluation of a word list for sentiment analysis in microblogs. arXiv preprint arXiv:1103.2903.
2 Liu, B. (2015). Sentiment Analysis: Mining Opinions, Sentiments, and Emotions. Cambridge University Press.
3 Mohammad, S., & Turney, P. (2010, June). Emotions evoked by common words and phrases: Using mechanical turk to create an emotion lexicon. In 
Proceedings of the NAACL HLT 2010 workshop on computational approaches to analysis and generation of emotion in text (pp. 26-34).
4 Tausczik, Y. R., & Pennebaker, J. W. (2010). The psychological meaning of words: LIWC and computerized text analysis methods. Journal of language 
and social psychology, 29(1), 24-54.



Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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Naïve Bayes Support Vector 
Machine

Deep Learning



Aspect-Based Sentiment Analysis
Do, H. H., Prasad, P. W., Maag, A., & Alsadoon, A. (2019). Deep learning for aspect-based sentiment analysis: a comparative review. Expert systems 
with applications, 118, 272-299.
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Aspect-Based Sentiment Analysis
• Sentiment analysis aims to estimate subjective sentiments expressed through texts, images, and speeches.
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Aspect-Based Sentiment Analysis
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Data Retrieval Source: https://www.yelp.com/dataset
Dataset version: 2022

https://www.yelp.com/dataset
https://www.yelp.com/dataset
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20

Data Retrieval

Data Filtering

Study Period: 
pre-COVID-19



Aspect-Based Sentiment Analysis
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Data Retrieval

Data Filtering

Study Period: 
pre-COVID-19

City Selection

Business Type:
Restaurant



Aspect-Based Sentiment Analysis
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Data Retrieval

Data Filtering

Study Period: 
pre-COVID-19

City Selection

Business Type:
Restaurant

ABSA

Load pre-
trained model

Aspect term 
extraction & 

sentiment 
classification

Source: https://github.com/yangheng95/PyABSA

https://github.com/yangheng95/PyABSA
https://github.com/yangheng95/PyABSA


Aspect-Based Sentiment Analysis
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Source: https://github.com/yangheng95/PyABSA

• One of the top performing models with open-source codebase

• Offer pre-trained models on MAMS (Multi Aspect Multi-
Sentiment) dataset, a common benchmark dataset for ABSA

• Ease of use

• Well maintained (new functions, bug fixes, new versions, …)

https://github.com/yangheng95/PyABSA
https://github.com/yangheng95/PyABSA


Aspect-Based Sentiment Analysis
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Data Retrieval

Data Filtering

Study Period: 
pre-COVID-19

City Selection

Business Type:
Restaurant

ABSA

Load pre-
trained model

Aspect term 
extraction & 

sentiment 
classification

Text Processing

Punctuation 
removal

Stop words 
removal

Stemming

Aspect-term Categorization 

Load 
dictionaries

Aspect terms 
categorization



Aspect-Based Sentiment Analysis

Review ID Restaurant ID Review Star

1 1 It has great sushi and … 5

2 1 The staff  was nice but … 3

3 2 Super fresh delicious … 4

… … … …

Restaurant ID Average 
Star

Average 
Food

Average 
Price

Average 
Service

Average 
Ambience

1 4 0.6 0.56 0.7 0.6

2 3 0.2 0.6 -0.1 -0.3

… … … … … …
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Yelp Review Data
Aggregated Result

“The staff was nice, but the food was not good.”

Aspect Term Aspect Category sentiment

staff service 1

food food -1



Aspect-Based Sentiment Analysis
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*Results based on 200 restaurants in St. Louis, MO.



Agent-Based Modeling
• Agent-based modeling: a computational modeling technique to simulate complex systems by modeling individual 

agents and their interactions.

• There have been a trend of integrating machine learning algorithms in and for agent-based modeling.

27

Design models Run simulations Analyze results

Regression 
Analysis

Clustering

Dimensionality 
Reduction

Reinforcement 
Learning

Behavior 
Representation

Network 
Analysis



Agent-Based Modeling
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Create restaurants

Create consumers

restaurant location, average stars, average sentiments (food, service, price, ambience)

census tract, consumer segments (students, middle-income, senior), restaurant preferences

Start EndInitialize model Find restaurants Save visiting 
history

Aggregate visiting 
historyt = 0

t = t + 1



Agent-Based Modeling
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Create restaurants

Create consumers

Consumer type

Consumer 
preferences

Restaurant 
location

Restaurant 
candidate

Is 
restaurant 

full

Go to restaurant

No

Yes

Start EndInitialize model Find restaurants Save visiting 
history

Aggregate visiting 
historyt = 0

t = t + 1



Agent-Based Modeling
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Source: https://github.com/projectmesa/mesa Source: https://github.com/projectmesa/mesa-geo

https://github.com/projectmesa/mesa
https://github.com/projectmesa/mesa-geo
https://github.com/projectmesa/mesa
https://github.com/projectmesa/mesa-geo
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Agent-Based Modeling
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Current Work
Aspect-based sentiment analysis

• Replace the dictionary approach in categorizing aspect-terms with semi-supervised learning

Agent-based modeling

• Incorporate more census data when initializing consumer segments

• Set the time step in the simulation to be an hour.

• Calibrate model parameters and validate model results with restaurant check-in data from Yelp
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Conclusion
• Online customer reviews can provide valuable insights into various aspects of people’s 

dining experience, such as the quality of food and service.

• We utilize aspect-based sentiment analysis methods on Yelp dataset to extract and 
categorize reviewers’ opinions on restaurants in urban areas.

• This work demonstrates how using deep learning techniques can help advance our 
understanding of people’s decision-making processes.
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THANK YOU FOR LISTENING!

WELCOME COMMENTS, QUESTIONS AND 

SUGGESTIONS. 

@BoyuWang_

@AndyCrooks

https://wang-boyu.github.io

https://gisagents.org

bwang44@buffalo.edu 

atcrooks@buffalo.edu
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