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Increasing Amount of Unstructured Social Conversations
Text Image Video

#eddiebauer

#prada

How can we extract insights and get value?



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

Product Design
- Understand customers needs

Branding
- Measure brand perceptions

Advertising and social media
- Generate social media posts and ads

Influencer marketing
- What makes a good influencer video ads?
…

Data

Insights/Problems
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Agenda

Artificial Intelligence (AI): A brief intro and recent breakthroughs 
with Deep learning

AI for Social Media Marketing: Cases studies
- Visual Listening In: Extracting Brand Image Portrayed on Social 

Media (Liu et al. 2020)
- Identify Customer Needs from User-Generated Content (Timoshenko 

and Hauser 2019)
- Supporting Content Marketing with Natural Language Generation 

(Reisenbichler et al. 2022)

Brainstorming and group work

Sharing group work and reflections (e.g., pitfalls)



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

AI and
Recent Breakthroughs 
with Deep Learning
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AI History Outline

1. - 1956 Prehistory of Artificial Intelligence
2. 1956 – 1974          First Artificial Intelligence Spring 
3. Break for Activities 
4. 1980 - 1987 Second Artificial Intelligence Spring
5. Break for Activities
6. 2011 - Present     Third Artificial Intelligence Spring
7. What is next?
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Deep learning are taking over

Deep learning have become one of the main approaches to AI

They have been successfully applied to various fields

They have established the state of the art
Often exceeding previous benchmarks by large margin
Sometimes solving problems you couldn't solve using earlier 
ML methods
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Pre-deep learning Deep learning, 
e.g., Convolutional Neural Network

Top-5 error rate on ImageNet
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https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
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https://www.theverge.com/tldr/2019/2/15/18226005/ai-generated-fake-people-portraits-thispersondoesnotexist-stylegan



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

https://www.technologyreview.com/2020/07/20/1005454/openai-machine-learning-language-generator-gpt-3-nlp/
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GPT-3 and Text Generation

https://www.nytimes.com/2020/11/24/science/artificial-intelligence-ai-gpt3.html?smid=url-share
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Dr. Liu Liu,  MKTG.4300 (Fall 2019), UC 
Boulder 22
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https://www.vice.com/en/article/bvmvqm/an-ai-generated-artwork-won-first-place-at-a-state-fair-fine-arts-competition-and-artists-are-pissed
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https://openai.com/dall-e-2/
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Fully-Connected Network

Convolutional Neural Network (CNN)

Recurrent Neural Network (RNN)

Transformer based neural network, e.g., Bert, GPT

What are deep neural networks?



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

What are deep neural networks?

What are these boxes?



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

What are deep neural networks?

What are these boxes?
Each of these boxes is actually a function



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

What are deep neural networks?

What are these boxes?
Each of these boxes is actually a function
It can be approximated by a neural network
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Agenda

Artificial Intelligence (AI): A brief intro and recent breakthroughs 
with Deep learning

AI for Social Media Marketing: Cases studies
- Visual Listening In: Extracting Brand Image Portrayed on Social 

Media (Liu et al. 2020)
- Identify Customer Needs from User-Generated Content (Timoshenko 

and Hauser 2019)
- Supporting Content Marketing with Natural Language Generation 

(Reisenbichler et al. 2022)

Brainstorming and group work

Sharing group work and conclude



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

Product Design
- Understand customers needs

Branding
- Measure brand perceptions

Advertising and social media
- Generate social media posts and ads

Influencer marketing
- What makes a good influencer video 
ads?
…

Data

Insights/Problems
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Identify important problems
•opportunities to use data and analytics to 

create value for consumers or firms
Problem

What is the ideal data to solve this problem?
•e.g., internal data, external data

Training data vs. Production/Application data
Data

What is the right method?
How to evaluate the method and interpret results?Method
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Visual Listening In: 
Extracting Brand Image Portrayed on 
Social Media
Liu Liu, Daria Dzyabura, Natalie Mizik
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Brand Manager
@oldnavy

Consumer
#oldnavy

How is my brand portrayed in consumer photos?
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Photos Are the New Social Conversation

Image-based social media platforms are on the rise
- E.g., Instagram has 700 million monthly active users
- 95 million photos/videos uploaded daily1

1. https://www.instagram.com/press/
Photo credit: Tom McGrath@Crimson Hexagon
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Consumers Associate Brands with Contexts

Consumers hashtag brands and depict interactions with brands
- E.g., 53 million posts on Instagram with #nike

Link brands with usage context and experiences

#eddiebauer #prada
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Social Media Marketing

“Listen in” on consumer conversations
� E.g., Archak, Ghose, & Ipeirotis, 2011; Lee & Bradlow, 2011; 

Netzer et al., 2012; Tirunillai & Tellis, 2012, 2014; Liu, Lee, & 
Srinivasan, 2019; Timoshenko and Hauser, 2019

à Text mining
à Functional attributes of products
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This Research

Measure brand image portrayed on consumer photos

#eddiebauer

rugged?

#prada

glamorous?

“How are brands portrayed along intangible brand attributes?”
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Why Do We Care?

Consumers are co-creating brand image on social media

Allow firms to correct, or leverage, or identify new opportunities for 
brand positioning and differentiation

rugged

glamorous

Firm
Perception 

survey

Consumer 
photos
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How to Measure Brand Attributes from Photos? 

Challenging : Data is very unstructured. 
Require new methods!
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Contributions
Do consumers’ photos contain brand image/perception info?
Yes - Create a new photo-based metric about consumers’ brand 
perception

How to measure?
Measure brand attributes from photos using Deep learning

• Convolutional neural networks for brand attributes

What insights are generated from social media?
Application to Instagram brand photos
Consumer photos vs. Firm photos vs. Brand Perception survey

• Brand image on social media reflects perception survey
• Identify gaps in positioning strategy
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Steps

Measure brand attributes from photos
- Data: Photos labeled with brand attributes

- glamorous, rugged, healthy, fun
- Algorithms: multi-label image classification

Application to Instagram brand photos
- Data: Apparel and beverage photos on Instagram
- Metrics: Consumer photos vs. Firm photos vs. Perception survey
- Empirical studies

i. Product category level consistency 
ii. Brand maps
iii. Gaps in positioning strategy
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Multi-label Image Classification on Brand Attributes

1. Images labeled with brand attributes
2. Algorithms that learn mapping between images and attributes

? Does it convey ruggedness?
Does it convey glamour?
Does it convey healthiness?
Does it convey fun?
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Collect Images Labeled with Brand Attributes

Need positive and negative instances for each brand attribute

Collect data using Flickr search engine
Query attributes (e.g., healthy) and antonyms (e.g., unhealthy)
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Example Images

16,368 images in total

glamorous drab rugged gentle

healthy unhealthy fun dull
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Example Images

16,368 images in total

glamorous drab rugged gentle

healthy unhealthy fun dull
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Algorithms: Mapping Between Images and Attributes

For example, for “rugged”

Very unstructured

ruggedF(x)
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Deep Learning

Automatic feature extraction
Represent hierarchy of concepts (Bengio et al. 2015)
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Model complex non-linear relationship 
via many simple non-linear transformations one after another

Estimation: back propagation (gradient descent)

Deep Learning: How Does It Work?

input
output

!
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A Multi-label Convolutional Neural Network (ConvNet)

Brand attribute prediction

Image in pixels: 
227 x 227 x 3

Glamorous?

Rugged?

Healthy?

Fun?

4
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Train ConvNets with Transfer Learning

Require large amount of data

Transfer learning
Transfer parameters from one domain to another
Initialize with parameters from pre-trained models

ImageNet model (Krizhevsky et al., 2012): object classification
Flickrstyle model (Karayev et al., 2013) : style recognition

Fine-tune the model on our training data
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Models Trained on GPU

Code and train model using Caffe deep learning framework

5000 iterations in a K80 GPU on a university high performance 
cluster

80% training data, 10% validation, 10% hold-out sample
- Pick the iteration with the lowest loss in a validation set
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Out-of-Sample Predictive Performance

Multi-label ConvNet
Accuracy AUC

Glamorous 88.6% 0.846
Rugged 91.3% 0.853
Healthy 89.9% 0.859

Fun 89.4% 0.827
Mean 89.8% 0.846

Note: 80% training, 10% validation, 10% hold-out sample
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#eddiebauer

rugged?

#prada
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Steps

Measure brand attributes from photos
- Data: Photos labeled with brand attributes

- glamorous, rugged, healthy, fun
- Algorithms

Application to Instagram brand photos
- Data: Apparel and beverage photos on Instagram
- Metrics: Consumer photos vs. Firm photos vs. Perception survey
- Empirical studies

i. Product category level consistency 
ii. Brand maps
iii. Gaps in positioning strategy
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Brand Photos on Instagram

56 brands from Apparel and Beverage categories

Consumer: photos on Instagram (#brand)
- About 2,000 per brand
- 114,367 total

Firms: photos on official Instagram accounts
- 72,089 total
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Model Performance on Instagram Data Sample

Data Sample (600 images in total, 150 images per attribute)

Human judges
Level-3 US judges on Figure Eight platform1

20 judges for each attribute and each image

Group 1
Attribute is present

50 images

Group 2
Ambiguous
50 images

Group 3
Attribute is not present

50 images

1. Previously Crowdflower
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Model vs. Human Judges: Overall Agreement

Note: 600 images (150 images for each attribute), 12,000 total judgments (20 judgments for each image and attribute). The 
model-based label is equal to 1 if the model-based probability estimate for attribute presence is greater than 50%, and zero 
otherwise. The human-based label for an image is equal to 1 if the majority of the judges indicate attribute presence, and 
zero otherwise. Agreement is the percentage of images for which the majority of human judges evaluating an image assign 
this image the same label as our model. The total cost of data collection is $288.96, with an average cost per judgment of 
$0.024.

Table. Aggregate Model Performance According to Human-Based Image Labels
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Image-Based Brand Image (IBBI) Metric

Compute the average probability of brand j images that express the 
brand attribute p:

For example
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� Brand image conveyed from consumer photos
� Context, usage, consumption experience

� Part of firms’ marketing effort to create brand 
identity

� Young and Rubicam’s Brand Asset Valuator (BAV) 
� How do consumers perceive brands?

Three Different but Related Brand Metrics

Consumer-created 
brand photos

Firm-created 
brand photos

Brand perception 
survey
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Empirical Studies and Insights

1. Product category level
� Check consistency between different brand metrics

2.  Brand maps
� Compare brand maps created from different brand metrics

3. Identify Gaps in positioning strategy
� A case study of underwear brands
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Empirical Studies and Insights

1. Product category level
� Check consistency between different brand metrics

2.  Brand maps
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3. Identify Gaps in positioning strategy
� A case study of underwear brands
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Consistency Between Different Brand Metrics

APPAREL
CONSUMER IMAGES
VS. FIRM IMAGES

CONSUMER IMAGES
VS. BAV

FIRM IMAGES VS. 
BAV

GLAMOROUS 0.7838*** 0.5519*** 0.6100***
RUGGED 0.9122*** 0.5467** 0.5035**
HEALTHY 0.4680** 0.1794 0.3225*
FUN 0.6061*** 0.3583* 0.2883

BEVERAGES
CONSUMER IMAGES
VS. FIRM IMAGES

CONSUMER IMAGES
VS. BAV

FIRM IMAGES
VS. BAV

GLAMOROUS 0.5518** 0.4568** 0.6582***
RUGGED 0.8259*** 0.3596* 0.4708*
HEALTHY 0.7370*** 0.6976*** 0.4766**
FUN 0.3775* 0.1791 0.2584

Table. Correlation Analyses of Model Predictions for Consumer and Firm-Created Images on 
Instagram and the BAV Survey-Based Measures of Brand Perceptions 

Note: We see further increases in correlations between consumer and firm-image based data 
and survey-based measures of brand perceptions when we substitute BAV measures with our 
survey data from Instagram users. *p < 0.05, **p < 0.01, ***p < 0.001.
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Survey from Instagram Users
Table. Correlations between Model Predictions for Consumer and Firm-Created Images on 
Instagram and Survey-Based Measures of Brand Perceptions from Instagram Users

APPAREL BAV
VS. SURVEY

CONSUMER IMAGES
VS. SURVEY

FIRM IMAGES
VS. SURVEY

GLAMOROUS 0.9503*** 0.5824*** 0.6325***
RUGGED 0.9338*** 0.6831*** 0.6630***
HEALTHY 0.8600*** 0.0842 0.1941
FUN 0.6486*** 0.5672*** 0.4914**
BEVERAGES BAV

VS. SURVEY
CONSUMER IMAGES

VS. SURVEY
FIRM IMAGES
VS. SURVEY

GLAMOROUS 0.9238*** 0.5001** 0.5743**
RUGGED 0.5485*** 0.7899*** 0.6645***
HEALTHY 0.9482*** 0.7127*** 0.5350**
FUN 0.8714*** 0.2130 0.3648*

Note: the shaded cells represent instances of improvement over the correlations between consumer- and firm-
image based data and BAV reported in Table 2. Average number of respondents per brand is 62. Cost of the 
survey data collection is $346.10. *p < 0.05, **p < 0.01, ***p < 0.001.
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à Overall convergence

à Brand image portrayed on social media, i.e., our 
IBBI measure, reflect consumers’ brand perceptions

à What I “say” vs. What I “post”
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Empirical Studies and Insights

1. Product category level
� Check consistency between different brand metrics

2.  Brand maps
� Compare brand maps created from different brand metrics

3. Identify Gaps in positioning strategy
� A case study of underwear brands
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Beverage Brand Map from Consumer Photos

Dim 1 (71.6%)
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Empirical Studies and Insights

1. Product category level
� Check consistency between different brand metrics

2.  Brand maps
� Compare brand maps created from different brand metrics

3. Identify Gaps in positioning strategy
- A case study of underwear brands



Liu Liu AI for Social Media Marketing MSI Accelerator 2022

Identify Gaps in Positioning

Consumer vs. Firm: e.g., glamorous in Apparel
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Identify Gaps in Positioning

Consumer vs. Firm: e.g., glamorous in Apparel
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Validate Differences using Human Judges

Victoria’s secret, Joe Boxer, and Hanes
500 random consumer images and 500 random firm images
10 human judgments per image
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Model Predictions and Human Judgements are 
Consistent

Consistent difference between consumer and firm portrayal
Consistent difference between brands
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Measure brand perceptions from consumer-created 
brand photos

- Perceptual map
- Identify gaps between firm and consumers
- Track consumers’ brand perceptions in real time

Problem

Training data: “labeled” Flicker data
Production/Application data: Instagram data

(consumer vs. firm)
Data

Convolutional neural network
Evaluation:
- Out-of-sample prediction performance
- Compare with traditional measures

Method
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Identifying Customer Needs 
from User-Generated Content
Artem Timoshenko, John Hauser
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Problem: Identify Customer Needs

Examples of customer needs for oral care products 
from interviews and focus groups:

Able to make my teeth look whiter
Oral care items I carry around are easy to keep clean
Oral care items that match my bathroom décor

Slides credit: Artem Timoshenko
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Customer Needs for Oral Care

Slides credit: Artem Timoshenko
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Illustrative Example

Amazon Review:

“I replaced an old brush with a new one BUT the 
description doesn’t say that this model no longer has a 30 
second timer. The brush shuts off after 2 minutes but the 
30 second timer is missing. I would not have purchased 
this product if I had known”.

Slides credit: Artem Timoshenko
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“I replaced an old brush with a new one BUT the 
description doesn’t say that this model no longer has a 30 
second timer. The brush shuts off after 2 minutes but the 
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this product if I had known”.

I know the right amount of time to spend 
on each step of my oral care routine

Slides credit: Artem Timoshenko
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Illustrative Example

Amazon Review:

“I replaced an old brush with a new one BUT the 
description doesn’t say that this model no longer has a 30 
second timer. The brush shuts off after 2 minutes but the 
30 second timer is missing. I would not have purchased 
this product if I had known”.

I know the right amount of time to spend 
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Customer Needs from UGC

Amazon Review:

“I replaced an old brush with a new one BUT the 
description doesn’t say that this model no longer has a 30 
second timer. The brush shuts off after 2 minutes but the 
30 second timer is missing. I would not have purchased 
this product if I had known”.

I know the right amount of time to spend 
on each step of my oral care routine

Slides credit: Artem Timoshenko
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Slides credit: Artem Timoshenko
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Slides credit: Artem Timoshenko
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Support Content Marketing 
with Natural Language 
Generation
Martin Reisenbichler, Thomas Reutterer, David A. Schweidel, 
and Daniel Dan
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Problem: How to write search engine (SE) optimized 
content?

1. Identifying current top performing content
2. Machine learning to capture linguistic patterns (e.g., keyword 

density, readability)
3. Creation of unique content that mirrors the linguistic patterns 

of top-performing content
4. Human editing of content before publication

Slide credit: David A. Schweidel
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Slide credit: David A. Schweidel
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Agenda

Artificial Intelligence (AI): A brief intro and recent breakthroughs 
with Deep learning

AI for Social Media Marketing: Cases studies
- Visual Listening In: Extracting Brand Image Portrayed on Social 

Media (Liu et al. 2020)
- Identify Customer Needs from User-Generated Content (Timoshenko 

and Hauser 2019)
- Supporting Content Marketing with Natural Language Generation 

(Reisenbichler et al. 2022)

Brainstorming and group work

Sharing group work and conclude
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Identify one important problem
•opportunities to use data and analytics to 

create value for consumers or firms
Problem

What is the ideal data to solve this problem?
•e.g., internal data, external data

Training data vs. Production/Application data
Data

What is the right method?
How to evaluate the method and interpret results?Method
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Agenda

Artificial Intelligence (AI): A brief intro and recent breakthroughs 
with Deep learning

AI for Social Media Marketing: Cases studies
- Visual Listening In: Extracting Brand Image Portrayed on Social 

Media (Liu et al. 2020)
- Identify Customer Needs from User-Generated Content (Timoshenko 

and Hauser 2019)
- Supporting Content Marketing with Natural Language Generation 

(Reisenbichler et al. 2022)

Brainstorming and group work

Sharing group work and reflections (e.g., pitfalls)
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Causation (vs. Correlation)
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Shifting from Model-Centric to Data-Centric AI

Conventional model-centric approach:

Data-centric approach:

AI System = Code + Data
(model/algorithm)

AI System = Code + Data

Slide credit: Andrew Ng, “MLOps: From Model-centric to Data-centric AI”
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Data Quality is Important

Data is food to AI

Slide credit: Andrew Ng, “MLOps: From Model-centric to Data-centric AI”
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Iguana Detection Example

Labeler 1 Labeler 2

Labeler 3

Slide credit: Andrew Ng, “MLOps: From Model-centric to Data-centric AI”
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From Big Data to Good Data

Defined consistently (definition of labels y is unambiguous)

Cover of important cases (good coverage of inputs x)

Has timely feedback from production data (distribution covers data 
drift and concept drift)

Good governance (reasonably free from bias; satisfies privacy; data 
provenance/lineage, regulatory requirements)

Slide credit: Andrew Ng, “MLOps: From Model-centric to Data-centric AI”
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Data-centric AI

Slide credit: Andrew Ng, “MLOps: From Model-centric to Data-centric AI”
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Data-centric AI

Make high quality data available through all stages of the ML 
project lifecycle

Slide credit: Andrew Ng, “MLOps: From Model-centric to Data-centric AI”
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Tips for Data-centric AI

1. Make the labels y consistent
2. Use multiple labelers to spot inconsistencies
3. Clarify labeling instructions by tracking down ambiguous 

examples
4. Toss out noisy examples. More data is not always better
5. Use error analysis to focus on subset of data to improve

Slide credit: Andrew Ng, “MLOps: From Model-centric to Data-centric AI”
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Thank you!
Liu Liu (liu.liu-1@colorado.edu)

https://www.colorado.edu/faculty/liu-liu/

mailto:liu.liu-1@colorado.edu
https://www.colorado.edu/faculty/liu-liu/
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