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1. Introduction

1.1 The Rise of Social Media

Technology has advanced signi�cantly in the past few decades, leading to the rise
of social media. Social media has become an integral part of over 4.74 billion
people's lives around the globe. Social media's ability to connect people, to share
information and experiences with ease is the reason behind it's advancement. This
has allowed anyone with an internet connection to share their ideas and expe-
riences with the world, creating new opportunities for businesses, organizations
and individuals to reach and connect with others which has lead to it becoming
a $94 billion industry and have had a signi�cant role in shaping today's society.
From the earliest forms of social networking platforms such as Friendster and
MySpace to the modern-day-behemoths like Instagram, Reddit, Facebook they
have completely transformed the way we communicate, share information and
interact with each other.( Wikipedia Contributors: Social Media [2023])

Reddit is one of the most popular social media platforms today, amassing a
total of 430 million monthly active users making over$423 million yearly. It was
founded in 2005 by Steve Hu�man, Alexis Ohanian and Aaron Swartz. Unlike
other social media platforms, Reddit is not designed for users to share content
with their friends or followers. Instead, its organized into thousands of subreddits,
each focused on a speci�c topic. Users can join these subreddits to connect with
others who share their interests and participate in discussions and share content.
It has allowed Reddit to create a highly active user base. This unique way of
content curation and community building can be attributed to making Reddit a
worldwide success.(?)

1.2 Deep Learning

In recent decades Deep Learning (Goodfellow et al. [2016]) have revolutionized
the �eld of Arti�cial Intelligence (AI). Deep Learning is a branch of machine
learning that consists of various models that compose of the creation and training
of multiple layers of neural networks. Deep neural networks (DNNs) are the back
bone of deep learning. These models can be used to obtain relevant high level
information from raw input data. They are subset of machine learning algorithms
that are inspired by structure and function of human brain. They have achieved
signi�cant breakthroughs in image analysis and have been able to achieve many
state-of-art results on image analysis benchmarks.

One such benchmark is Image-Net Large Scale Visual Recognition Challenge
(ILSVRC) (Image-Net [2023]), this is a competition held annually from 2010 to
2012, it evaluates algorithms for object detection and image classi�cation using
large dataset of images. In 2012, a DNN architecture named AlexNet (Alom et al.
[2018]) beat the previous year's winner by achieving a top-5 error rate of 15.3%
which is a signi�cant improvement over the previous year winner's top-5 error
rate of 26.2%, this marked the beginning of revolution of Deep learning in image

3



analysis. Since then, many DNNs have been proposed and have achieved even
better accuracy on Image-net benchmark. DNNs have also achieved impressive
results in other image analysis tasks such as image captioning. In 2015, a DNN
architecture called Show and Tell (Vinyals et al. [2015]) was proposed for the task
of image captioning, which involved generating natural language descriptions of
images. Its architecture was a combination of a Convolutional neural network
(CNN) for image feature extraction and a Recurrent neural network (RNN) for
language modeling, it achieved state-of-art performance on several benchmarks.
These benchmarks show the impressive performance of DNNs in image analysis
and highlight their potential for wide range of applications they have in the �eld
of health-care, transportation, entertainment and social media.

1.3 Image Popularity Prediction

Image popularity prediction refers to predicting the popularity an image will
get on a social media platform. Due to the popularity gained by social media
platforms like Facebook, Instagram, Reddit it has become extremely signi�cant
to be able to predict popularity of an image on these platforms, understanding
which images are likely to become more popular on these platform can help the
content creators and marketers to optimize their content to gain more traction
and engagement and advertisers to target the right audience, which ultimately
leads to more revenue.

Deep learning techniques have proven to be particularly e�ective for the task
of image popularity prediction. CNNs have been e�cient in extracting visual
features from images. These features can be extracted using a combination of
convolutional and pooling layers which can then be fed to fully connected neural
network to predict the popularity of the image.
Language models, such as RNNs and transformers can be used to extract textual
features from captions or texts associated with the image. These features can
provide more context about the image and its contents which can be used to
further improve the popularity prediction of the image.

Combining both visual and textual features by employing a mutlimodal deep
learning approach can further improve the accuracy of the image popularity
prediction models.

1.4 Goal of the thesis

In this thesis we aim to predict the popularity of images on Reddit by employing
deep learning techniques. We will create our own dataset by scraping data o�
Reddit. We will use convolutional neural network to extract the visual features
from the image and language models to extract the textual features from the
caption associated with the image. We will then combine these features to predict
the score, our popularity prediction metric, of the image.
The goals of this thesis are:
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G1 Create a dataset of Reddit images and metadata.
G2 Analyze the dataset to gain insights related to popularity of images.
G3 Implement deep learning techniques,including CNNs and language models, to
extract image features and caption emotions.
G4 Combine the extracted features to predict the score of an image on Reddit.
G5 Evaluate the performance of the model.

By achieving the goals stated, we strive to make a contribution to the growing
research on social media analysis using deep learning techniques. The results
of this thesis can be further used to understand the factors that in
uence the
popularity of images on social media platforms and provide insights for content
creators and businesses.
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2. Related work
In this chapter we �rst give a brief background on the core theoretical concepts
and their working, upon which the later approaches build up.
We de�ne Convolutional neural networks and how they can be trained to analyze
and extract features of an image and how these features can be further processed
to make predictions. Later, we discuss pre-existing models that utilize these
concepts.

2.1 Convolutional neural network

CNNs (Goodfellow et al. [2016]) in particular are well suited for working with
images as the built-in CNN layers are more e�cient at reducing the higher dimen-
sionality of images without losing information they contain, compared to other
deep learning models.
The basic building block of a CNN is the convolutional layer followed by pooling
layer, the convolutional layer employs the input image with a set of learnable
�lters. Every single �lter is a small matrix (e.g. 3x3 or 5x5) of weights, these
matrices convolve with the input image to produce a feature map i.e. a 2D array
where the values correspond to the locations in image where that feature was
detected. In small steps the �lter slides over the image producing a new feature
map, which shows presence of local patterns and features, at each location of the
image.
The following layer in a CNN is the pooling layer, they are used for down-sampling
the feature maps produced by the convolutional layer i.e. reducing the spatial
dimensions of the feature maps without losing important information about the
image. There are various pooling layers for CNNs but the most commonly used
one is max pooling, which takes the maximum value of each patch of the feature
map, it also makes the model more robust to small variations in the input image.
After several convolutional and pooling layers, the output is 
attened and passed
through one or more fully connected layers, which then learns to classify the image
or make predictions based on the features extracted by the previous layers.

2.2 Intrinsic image popularity assessment

Intrinsic image popularity means the popularity of an image solely based on the
contents of the image itself. They (Ding et al. [2019]) predict the popularity
of images on Instagram, they start by creating a dataset of image-popularity
discriminable pairs(PDIPs) by lowering the e�ects of non visuals factors. First,
they propose a probabilistic method to generate PDIPS at a low cost with high
accuracy. The metric they use for image popularity prediction is log scaled number
of likes on the image, N, and make two assumptions:

ˆ N follows a normal distribution with the mean � and standard deviation
(std) � .
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ˆ The intrinsic image popularity E is a monotonically increasing function of� .

Considering the assumptions and applying Bayes theorem they obtain :

P(EX � EY jNX ; NY ) = �(
NX � NYp

2�
)

where �( :) is the standard normal cumulative distribution function.

P(EX � EY jNX ; NY )

implies the probability of image Y being intrinsically less popular compared to
image X.
Practically, they chose a threshold,

P(EX � EY jNX ; NY ) > T

, that is large enough to facilitate discernible distinctions in popularity among
Popularly Di�erentiated Image Pairs (PDIPs). However, identifying pairs of images
that conform to this threshold might not fully capture the nuances of popularity
since factors beyond visual characteristics could also be at play. Therefore, they
have chosen to incorporate the three most impactful non-visual factors from
Instagram for a more comprehensive analysis., i.e.

ˆ Upload time: For the likes to stabilize, images selected are those that were
posted at least a month ago.

ˆ User statistics: The number of followers a user has can in
uence the
number of likes an image receives, creating a proportional relationship.

ˆ Caption: Images with trending captions and hashtags gain more exposure,
potentially leading to increased popularity.

. Their dataset consists of 200 million images forming 2.5 million PDIPs which
obey all the constraints mentioned.
They utilize Pairwise learning-to-rank approach, whose objective is to reduce the
amount of inaccurately ordered pairs, it makes the assumption that the relative
order between two instances is known (or can be inferred). They use a Siamese
architecture for they learning of their model, it consists of two streams of inputs
and outputs, an RGB image is the input to both the streams and the predicted
intrinsic popularity score is their output. Both streams have the same model
architecture and share the weights while training and testing. The predicted score
di�erence is computed and converted into a probability by utilizing a logistic
function. When the training is �nished an optimal predictor, l � , is learned from
either of the two streams.
During testing for a test image A, a standard forward pass is performed in order
to obtain the predicted intrinsic popularity score

EA = l � (A)

As their base Deep neural network(DNN) architecture they employed ReNet-50,
replacing only the last layer to a fully connected layer which gives one output i.e.

7



the predicted intrinsic popularity score. The initial weights are inherited from
models pre-trained for object recognition on ImageNet, except for the last layer
that is initialized by the method of (He et al. [2015]). The parameters governing
the reliability of the PDIPs generation are the threshold T and standard deviation
� and are set to 0:95 and 0:3, respectively. While both training and testing, the
input to the DNN is an input image of dimensions 224Ö 224Ö 3, which is cropped
randomly after re-scaling the original image to 256 x 256 pixels. Throughout
the training the cross entropy function is optimized by using Adam optimizer
alongside anl2 penalty multiplier of 104 and batch size of 64 and learning rate for
the pre-trained DNN layers is set to 10� 5 and for the last layer is set to 10� 4. A
decay by the factor 0:95 is introduced to the learning rate after every epoch.

2.3 Neural Networks and Regression analysis

They (Qian et al. [2017]) predict the popularity of images of Instagram, their
dataset consists of 3,411 images of di�erent landscapes. They use landscape images
to reduce the non visual bias, i.e. images of good looking women or cute animals
gets more attention when compared to images of planets or galaxies, that might
a�ect the popularity of the images. They designed a web scrapper developing on
existing Instagram downloaders which are written in Python, this web scrapper
uses GraphQL to directly send requests onto Instagram's web servers and then
processesing the responses in JSON, eliminating the need to use Instagram API
key, then it saves the metadata into a csv �le. Although the scrapper was restricted
by Instagram's web server to processing only a couple of hundred requests in an
interval of 5-10 minutes. To further remove the bias they chose images that were
most popular and had similar shape, i.e. square, and they utilized #scenerylovers
so that bias from the amount of traction images get from use of hashtags can be
reduced.
The metric they use for image popularity prediction is the like-to-follower ratio,
i.e. the ratio between the number of likes on the image to the number of followers
the account that posted the image, this metric is used to minimize the bias in
the popularity based on the number of followers di�erent accounts have. The
non-visual features they take into account are the location at which the image
was captured, number of comments,the amount of time passed since the image
was posted, the number of hashtags in the caption, the length of the caption,
the number of followers of account posting the image, the amount of posts and
activity the posting account has and height and width of the image.
For the base DNN architecture they utilize a state-of-art model, developed by
Google, know as Inception-v3 (Szegedy et al. [2016b]), the architecture of the
model consists of over 30 layers and multiple paths throughout, enabling it in
achieving high accuracy. They keep the default weights and settings and retrain
the last layer of the network.

2.4 Multimodal Deep Learning Framework

They (Abousaleh et al. [2020]) utilize 432,000 images from Flickr as a dataset
and analyze the internal features (color, texture, hue count, brightness contrast,
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gist, color entropy, composition geometry, background simplicity) and external
features (user information, post metadata, timeline of the post). They utilize a
virtual-social convolutional neural network (VSCNN) model. The architecture of
the model can be divided into two parallel phases.
Phase 1 deals with the extraction of internal features, high and low level visual
features, from the images. To achieve this they employ a CNN known as VGG19
(Simonyan and Zisserman [2014]), this network consists of 19 layers and has
been pre-trained on 1 million images from the ImageNet dataset, followed by the
integration of the extracted features which results in the output of a vector with
4,710 dimensions. This vector describes various visual features of the image, then
Principal component analysis(PCA) is used to lower the dimensionality of this
vector from 4,710 to 20 dimensions, giving a vector, denoted A, which constitutes
of 20 most relevant features from the image and at last they normalize the values
of A, so they're all contained in same scale.
Phase 2 deals with the extraction of external features, meta and non-visual features,
from the metadata of the corresponding images. Using similar process from phase
1, they extract an output vector and after applying PCA it results in a vector of
14 dimensions, denoted B.
The resulting vector outputs, A and B, from both phases then act as inputs to
the proposed VSCNN model in-order to make the predictions on the popularity
of the corresponding posts. The architecture of the VSCNN model consists of two
independent CNNs, these CNNs are applied in-order to draw out the structural
and discriminating depictions of both the visual (A) and social (B) vector's
features and are classi�ed as visual network and social network, respectively.
The architecture of both these networks consists of three layers each being a
1-dimensional convolutional layer, utilizing the Recti�ed Linear Unit(ReLu) as
the activation function to each of the layers. Followed by a Fusion network which
is employed to bring together the two networks, visual and social, by combining
their outputs and turning these to separate networks into a uni�ed network. The
architecture of this network includes a merge layer which is followed by two fully
connected layers. The merge layer functions as a way of concatenating the outputs
from the visual and social network, by taking them as an input and producing
outputs which act as the inputs for the following fully connected layer. The
outputs from the second fully connected layer are summed up at a �nal node and
represent the predicted popularity of the network. This predicted popularity is
then cross-checked against the actual probability during supervised training and
Mean Square Error (MSE) is computed, then they employ back propagation up
to the �nal node in-order to reduce the MSE and achieve the highest accuracy.
The Figure 2.1 displays the full architecture of the model.

2.5 Sentiment and Context Features

The proposed architecture (Gelli et al. [2015]) is derived from two important
characteristics that contribute to the popularity of an image. First one being the
visual sentiments portrayed in the image and the description of the image, i.e
captions, tags etc, these features are then fed to their prediction model and the
prediction score is obtained. For the popularity metric they consider the number
of views an image gets on Flickr and apply the log function to the division of the
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Figure 2.1: Architecture of the model

number of views with the amount of time spent between the retrieval of the image
and the when the image was uploaded in order scale the popularity metric and
better deal with the variations in the number of views.

For the purpose of �nding out which emotion is triggered by the visuals of
an image a classi�cation known as Visual Sentiment Ontology (VSO) (Columbia
University: Digital Video Multimedia Lab [2023]) is utilized. VSO is incorporated
with 3,244 Adjective-Noun-Pairs (ANPs). Speci�cally, they used a model known
as DeepSentiBank, a CNN which is �netuned for the classi�cation of images on
2,096 ANPs, a subset of the above ontology. For each image they extracted two
descriptors which they named SenANPs and FeatANPs which are extracted from
the prediction layer of 2,096 dimensions and 7th fully connected layer of 4,096
dimensions. To extract the object features they use a 16 layer CNN, which for
each image extracted 1,000 objects along with 4,096D representations of the 7th
recti�ed fully connected layer. Extraction of context features is further divided
into two parts. First, extraction of features from the Tags on the image for which
they utilize an ontology known as Freebase. It consists of millions of topics which
are interconnected. For a tag from the image, a search is performed for Freebase
topics associated with that tag, and the most popular topic is then selected based
on the popularity ranking of the topic in the ontology. The tag whose matches
were not found in the ontology were ignored. After the retrieval of the topic a
di�erent query is performed to obtain the type and its domain. Then 100 types
with most frequencies were nominated as the their knowledge base. This process is
executed for each image through which they obtained a 100 dimension histogram,
which they termed as TagType. Then they took the 78 pre-de�ned by the ontology
and matched them with the tags, they counted the matches, thus obtaining a
78 dimension histogram. Second, extraction of emotions from the caption of an
image. For this they utilize a CRF-based language model in order to carry out
the process called Named Entity Recognition(NER). They obtained a dimension
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feature through implementing a 7-class model which they termedNER 7. To
further reduce the bias from the users uploading the images, they extracted user
features as the mean of the number of views on the images from the user.

Entity extraction from description is performed using a well known CRF-based
language model to perform Named Entity Recognition (NER). They used the
pre-trained 7-class model for MUC that is able to recognize Time, Location,
Organization, Person, Money, Percent, Date. They count the occurrences for each
class and build a 7D feature that we termNER 7. They utilize a support-vector-
machine as their model for the popularity prediction. To this model they apply L2
regularized L2 loss support vector regression from LIBLINEAR package (SVR),
reason being it's scalability, in contrast to the kernelized version, over a large
sparse data and very high number of instances.
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3. Dataset
In this chapter, we discuss the speci�cs of the dataset employed for the evaluation
of our deep learning model. The dataset, gathered in-house, is sourced from the
globally renowned social media platform, Reddit. Initially, we provide an overview
of the Reddit platform to familiarize the reader with its operational dynamics.
Later, we outline the detailed procedure of data extraction from Reddit, detailing
the nuances of the web scraping process. We further discuss the steps involved in
data preprocessing, leading to the �nal dataset.

3.1 Reddit platform

Reddit, a prominent American social media platform, hosts an array of specialized
forums, referred to as subreddits, that cater to a variety of interests ranging from
politics and games to memes. Registered users can engage with these subreddits
by subscribing to those that pique their interest and by posting content that aligns
with the respective subreddit's theme. Once a post is shared on a subreddit, it
becomes visible on the home timeline of all the subreddit's subscribers, though
users may also directly view the post within the subreddit. Interactivity on Reddit
is fostered through mechanisms like upvoting, which indicates a liking of a post,
and downvoting, signifying disliking. Users can also comment on posts or share
them, further enhancing the dynamics of engagement on the platform. Moreover,
Reddit provides several �ltering options to tailor the user's browsing experience.
These categories include "Hot", "Top", "Controversial", "New", "Rising", and
"Best", each serving a unique function to streamline content in accordance with
the user's preference. This customization makes Reddit a versatile platform that
fosters vibrant communities.(?)

ˆ Hot: These posts have the highest number of upvotes in recent time.

ˆ Best: Posts in this category have the highest di�erence of upvotes to
downvotes, meaning the highest score. The score can be calculated as:

score = number of upvotes� number of downvotes

ˆ Top: These are the posts with the highest number of upvotes regardless of
the downvotes. 'Top' posts can be further categorized into subcategories
such as all-time, past year, past month, past week, past 24 hours, and past
hour.

ˆ Controversial: These posts are typically not seen as suitable for the
subreddit for various reasons and thus have a very low score.

ˆ Rising: These posts are relatively new and are still gaining a lot of traction
and upvotes.

ˆ New: These posts are sorted by the time of their posting, regardless of
their traction on the platform.
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Apart from home timeline, users can also browse Reddit via popular, this
timeline contains most recently trending posts around the App irrespective of the
subreddits the user follows. There is also an option known as 'Discover' where Red-
dit suggested posts that the user may like based on their interests and interactions.

3.2 Scraping data from Reddit

Collecting data from Reddit involves several methods, each with its own set
of challenges. Initially, we tried scraping data using the Reddit API with a
Python script but encountered Error Code 429 ("too many requests") repeatedly.
Adjustments such as setting a sleep time between requests did little to resolve this
issue, resulting in ine�cient collection of data.

We then explored using Pushshift API (Pushshift [2023]) with both Pushshift
API Wrapper (PSAW) and Python Pushshift.io API Wrapper (PMAW), but while
data collection was e�cient with PSAW, it isn't actively maintained by developers,
raising reliability concerns. PMAW, on the other hand, failed to provide accurate
scores during scraping, making the gathered data quite unreliable.

We then considered an alternative method of using large Reddit data dumps,
however, for a requirement of only 2000 data points per dataset, downloading tens
of thousands of data points seemed highly ine�cient.

Our optimal choice became Python Reddit API Wrapper (PRAW) with the
Reddit API, despite its limit of a maximum 1,000 data points per request. We
overcame this limit by accessing posts during speci�c time frames by using the
built-in PRAW �lters, such as 'Hot', 'Top', etc. 'Top' posts were further �ltered
by time frames such as 'All time', 'Past year', 'Past month', etc. This sequential
retrieval helped us bypass the limit and achieve a su�cient number of posts.

Our �nal data, however, faced duplicate rows and broken URLs issues due to
overlapping posts during retrieval and dead URLs respectively. To resolve this, we
created functions to eliminate duplicate rows and delete rows with broken URLs.
After trimming the dataset, and excluding non-image posts, we �nally obtained a
dataset of 2000 posts along with their metadata from two comparable subreddits:
'pics' and 'earthporn'.

The resulting dataset contained 21 features including post id, title length,
author details, number of author's posts, 
air text, post time, URL, post 
air,
original content 
ag, distinguished post 
ag, self-post 
ag, caption of the post,
spoiler 
ag, adult content 
ag, stickied post 
ag, edited post 
ag, locked post

ag, number of comments, upvote ratio, post score, and log-scaled post score.
In conclusion, data collection and cleaning demanded an iterative approach to
ensure the quality and relevance of the dataset for subsequent model training and
evaluation.

This dataset is further processed. This initially entails downloading images
locally from their URLs to prevent potential future disruptions due to 'dead'
URLs. Later, we streamline our data by eliminating less informative attributes
such as self-post 
ag, stickied post 
ag, edited post 
ag, spoiler 
ag, 
air text,
post id, and distinguished post 
ag. These features tend to be sparsely populated
and exhibit negligible correlation with the metric for predicting popularity.
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Additionally, we also transform our timestamp data, following the methodology
presented in (Eryk Lewinson [2023]). As we prepare the dataset for modelling,
we eliminate the URL feature, which becomes redundant once we have access to
the images. We also exclude features such as comment count and upvote ratio,
considering that they are indeterminable at the time of posting. Through this
data preparation, we aim to provide clean and e�ective datasets to maximize the
e�ciency and performance of our predictive models.

3.3 Pics dataset

This dataset is taken from subreddit r/pics. This subreddit has 29 million users,
it contains images with interesting story behind them, there is no concrete theme
for the images that are posted here so it contains very diverse images from sel�es
of people to funny signs to paintings and sketches. The story in the caption by the
author is often of more importance than the image features itself. Some examples
of the images are below:

Figure 3.1: Images from pics dataset

3.4 Earth dataset

This dataset is taken from subreddit r/earthporn, this subreddit has 23 million
users, it contains images of nature and beautiful scenic places on the planet. The
images posted are usually high quality and of professional caliber. The caption of
the image is not as important as the high level features of the image itself. All
the images have a concrete theme and do not diverge from it. Some examples are
below.
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