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Abstract

Classical Machine Learning approaches for Natural Language Processing (NLP) work well for
most cases but there is always a threshold in terms of accuracy which can never be crossed.
On the other hand, state-of-the-art Deep Learning models have managed to surpass that
threshold and come very close to human accuracy. This study focuses on performing a Topic
Modelling task using Deep Learning models and comparing results with a classical approach
known as Latent Dirichlet Allocation.

Topic Modeling is an unsupervised Machine Learning technique that groups documents
into clusters and finds topic words for each cluster. At Merck Group, Topic Modeling is used
to understand the objectives of employees without reading the documents. The general idea
is to group employees into clusters based on the similarity of their objectives and find topics
which depict the main goals of the cluster’s employees.

While an LDA model is able to provide good results, it has certain limitations. First, it
works purely on the frequency of words in a document, and all stop-words are removed
as a part of the pre-processing. This leads to loss of information in terms of grammatical
context and order of words in a sentence. Secondly, it is common for documents to have
different words with the same meaning. In an LDA model, these same meaning words would
be treated as different.

A word embedding model provides a solution to the above-mentioned problems as it is
able to retain all grammatical information by processing the sentence as a whole. Additionally,
a Word Embedding model provides a multi-dimensional representation for each word which
allows capturing the contextual similarity of words with the same meaning.

This study demonstrates how using the feature vectors from an Embedding Model, and
more specifically, a Sentence Embedding model can provide better results than an LDA
model. This study also discusses various Topic word retrieval techniques and concludes that
the frequency-based approach and TF-IDF provide the most coherent topic words. Lastly, it
also discusses that analytical measures such as the Silhouette score and Coherence score are
not suitable for Topic Modeling.
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1 Introduction

1.1 Overview

Deep Learning has slowly found its application in almost all research areas such as Computer
Vision, Bio-medicine, Financial sectors, etc. People Analytic is one of emerging application
of Deep Learning which uses deep learning algorithms to better manage the employees in
a company. Many HR practitioners are trying to bring in state-of-the-art Deep Learning
approaches to understand the goals and needs of employees to maximize their satisfaction
and productivity.

Employee management is indeed a very challenging task, especially for big companies,
from understanding the needs of individuals and employee retention to aligning the goals
of employee to that of the company. Usually companies use manual tools and techniques to
understand the objectives of an employee but this is a very time consuming task. In order to
optimize this, many companies are moving towards Arti cial Intelligence tools which does
this for them automatically. Merck Group being a multi-national company is also working on
Deep Learning approaches to better understand the self-evaluation objectives written by the
employees.

1.2 Motivation

At Merck Group, it is crucial for a managerial level individual such as the CEO or HOD to
have an understanding of the employee objectives. However, given their busy schedule, it
is very challenging and time-consuming for them to analyze the objectives of hundreds of
employees. Moreover, this process has to be repeated every 6 months. To target this problem,
Merck Group is interested in having a tool which analyzes the objectives, extracts conclusions
using deep learning techniques and visualizes the results through a Graphical user interface.
With a tool like this, companies such as Merck Group would be able to understand the goals
and needs of all employees as a whole as well as on an individual level.

There are certain challenges in designing such a tool. For any machine learning problem, it
is important to have good quality labeled data. However, in reality it is often times not easy
to nd labeled data. Given the digital age, there are many available sources of unstructured
data which contains a huge ensemble of information. Such data makes it almost impossible
to train a new model or ne-tune an existing one. This is also the case for this study as
the Employee Objective dataset is unlabeled and unstructured but it still contains useful
information. Dealing with such a dataset is still challenging as there is no prior knowledge
available about it such as the number of employee clusters or the ground truth to compare
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the results with. Fortunately, Scientists have come up with techniques that are able to
extract information from unstructured data. Unsupervised learning techniques such as Topic
Modeling is one of them.

1.3 Problem Statement

Topic Modeling is a branch of Natural Language Processing (NLP) that provides an ef cient
solution to the problem of analyzing Employee Obijectives. Classical NLP technique such as
Latent Dirichlet Allocation (LDA) [1] provides a good solution to this problem but has two
major drawbacks. The rst drawback is the loss of information through stopwords removal
and stemming. An LDA models need a token list for each document as an input. Since the
stop words do not play an important role in the model training, they are removed from the
token list. Furthermore, to obtain better results, the items in the token lists are stemmed.
The grammatical form of words which contains a lot of useful information is lost. Moreover,
since an LDA model is only interested in the frequency of words, the order in which the
words appear in a sentence is also disregarded. Second drawback of LDA is that it's working
Principle operates on the occurrence of a word rather than the contextual meaning in which it
is used. It essentially assumes that the words which appear together must belong in the same
group. If the words 'good’ and ‘bad’ exists in each other's company quite often, the model
assumes that they belong together. This is true for the case when they are both adjectives and
de ne a quality but it is false on premise that one de nes a positive quality and the other
de nes a negative quality.

There are a lot of gray areas when dealing with human languages as the words have
different meanings, depending on the context they are used in. There are several words which
could have the same meanings and one word could have multiple meanings. This degree of
variability is not captured by an LDA model which is probabilistic and deterministic in nature.
To deal with human languages effectively, it is essential to work with a model that is able
to capture the meanings of words along multiple dimensions. Fortunately, Deep Learning
models for Natural Language Processing are able to provide a solution for this by training
word embedding along multiple dimensions.

1.4 Research Questions

A Word Embedding model provides a matrix representation for text allowing it to capture
the context and semantic of each word across many dimensions. Since the embedding models
take the raw text as an input, no information is lost in terms of grammar and stop words.
This provides more rich vector representation by utilizing the information obtained through
stop words, grammatical forms of words and the order in which they appear. The embedding
vectors provide a multi-dimensional [2] representation for each word in a text such that words
could be similar to each other and lie close to each other in one domain while be different
from each other and lie far away from each other in another domain. Hence, using such a
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representation could enable the model to treat different words with similar meaning as same
and also capture multiple meanings of the same word.

A lot of this makes sense in theory but it is also important to have some results to prove it.
This study focuses on three research questions.

1. Could using embedding vectors lead to better results than Latent Dirichlet Allocation
model?

2. If the word embedding models are able to provide better results, then which type of
embedding model is better suited?

3. Could using a traditional algorithm such as LDA in tandem with the Embedding models
provide better results?

1.5 Research Contributions

The outcome of this study is a ask-based web applications with a Graphical User Interface
(GUI) and an NLP engine at the back-end. The GUI provides options to select the type
of visualizations, feature space, and number of clusters, among other hyperparameters to
visualize the employee clusters and their topic words. The NLP engine is ne-tuned using
the ndings from the experiments section. This study compares results from various types
of word embedding models as BERT [3], Sentence Bert [4], XLNET [5] among others with
LDA model and concludes that Sentence Bert provides the best results. Furthermore, it also
experiments with latent features spaces obtained using an Autoencoder. This study also
contributes by presenting results for various con gurations of topic word techniques.

1.6 Research Approach

The research approach followed in this project is a Deductive one which given an existing
theory tries to develop a new hypothesis and also tests it [6] through experimentation. The
given theory in this study is that traditional Topic Modeling approach such as LDA fail to
capture the context of the text and is also subject to loss of information. It is also known that
word embedding models are designed to overcome these issues. Therefore, this research tries
to prove a new hypothesis that results for topic modeling could be improved by incorporating
the feature vectors from the embedding models. This hypothesis is tested on the employee
objective dataset provided by the Merck Group as well as on an open source Job Description
dataset from Kaggle.

1.7 Structure

The document is divided into ten chapters. First chapter "Introduction” which is this chapter.
The second chapter is "Background" which explains the basics needed the understand the
later chapters. Chapter three is "Related Work" that provides an summary of other researches
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in this area. Chapter four "System Architecture” explains the communication between the
front-end and the back-end of the ask application. Chapter ve is the "Methodology" section
that discusses the intuition behind the algorithms and techniques used in this study. Chapter
six "Datasets" provides an explanation as well as statistical analysis of the datasets used for
experimentation. Chapter seven "Experiments" provides details of the con gurations used
for the algorithms and techniques de ned in the methodology chapter. The results from the
experiments are discussed in Chapter eight "Results". The study is concluded in chapter nice
"Conclusion" and possible improvements and build-ups are discussed in chapter ten "Future

works".




2 Foundations of Deep Learning and Natural
Language Processing

This chapter focuses on building the basics of Natural Language Processing, Deep Learning,
and Clustering. The rst section explains the basics of Natural Language Processing and
introduces some classical techniques for dealing with unstructured data. It discusses the
pre-processing steps involved before the data can be fed to the model and also the challenges
of working with languages [7]. The second section gives a detailed explanation on the basics
and working of Neural Networks followed by the third section which discusses some deep
learning architectures meant for Natural Language Processing. The last and forth section
of this chapter gives an insight into unsupervised learning approach called Clustering and
discusses K-mean clustering algorithm in detail.

2.1 Natural Language Processing

The most effective form of communication are the words we use. Either written or spoken,
they carry a lot of information. In this age of digitization, researchers are working on
techniques that allow models to effectively process human languages. This is a very dif cult
task as the human understanding of a text incorporates a lot of information such as the spoken
tone and the context in which the sentence was written or spoken and even the emotions
behind it. Natural Language Processing (NLP) stems as a branch of Arti cial Intelligence
(Al) that gives machines the ability to not only read but also understand languages. While
earlier algorithms focused on classical techniques that are probabilistic and deterministic
in nature, state-of-the-art deep learning model these days are able to understand text on a
more contextual level. Some state-of-the-art language models are explained in [8] and also
discussed in the section 2.3 of this chapter. What makes human languages more complex
than other tasks is the concept of temporality [9]. In a basic dataset, the features in a sample
are not very dependent on each other. For example, In a housing example, the order of
features 'Number of rooms' and 'median income' does not matter. The model training would
have no effect if 'median income' features is listed before 'Number of rooms'. This is not the
case of NLP data, there is a degree of dependency between words in a text and shufing
the tokens (words) before passing to the model can heavily effect the model training. For
example, the sentence 'My name is John' would have a different effect in model is it is passed
as 'Name is my John'. Another important factor is that the text cannot be directly fed to a
model and has to be converted into a numeric form which is understood by a model. Below
are the steps that convert text into a machine recognizable form.
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1. The basic idea is to rst break the sentence into tokens. So the sentence 'My name is
John' would be tokenized to ['My', 'name’, 'is', '‘John’]

2. create a dictionary that has all the words used in the text and assign each word an id.
For example 'My": 0, 'name": 1, 'is": 2, 'John": 3 and replace the tokenized list of words
with their respective ids such as [0, 1, 2, 3]

3. Step 1 and Step 2 are repeated for all the text in the dataset. If the word already exists
in the dictionary, then the existing id is used instead of assigning a new one.

NLP is a very broad eld addressing many text related tasks. Some of the traditional tasks
relevant to this study are mentioned below:

2.1.1 Unstructured Data

Unstructured data [10] is information that doesn't t into the traditional columns and rows.

It has no apparent description or length. In this digital age, there are a lot of sources of
unstructured data such as emails, tweets, blog posts, and reviews. However, the issue is
that the data is in raw form and since most machine learning technigues require structured
data with hand crafted features, it was of no use until the NLP community gured out ways

of utilizing this information. This study deals with unstructured data while focusing on
clustering similar texts and nding the keywords for each cluster. Hence, these two tasks are
discussed in more details below:

Text Clustering

Natural Language Processing is one of the oldest and versatile research area in computer
science covering applications such as Chatbots, Next Sentence Prediction, Language Trans-
lations, Sentiment Analysis and many more. However, for most of these applications, it is
necessary to have labelled and structured data. Finding a good quality labelled data is quite
dif cult in a real world setting. Text clustering or Document clustering [11] is a powerful
technique for getting insights out of unlabelled data. Text clustering follows three steps:

1. Pre-processing: Text is converted to numeric form. This process typically involves word
tokenization and stemming

2. Feature Extraction: This can be done by either using a Bag-of-words representation
where the frequency of each word in a text is counted and passed to the model as
features. Another option is to calculate the TF-IDF scores for each text and use as
features.

3. Clustering: Based on the features, similar documents are grouped into same clusters.
This requires a distance measure to calculate the similarity of the documents. Less
distance between documents means they are more similar.
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There are two clustering policies; Hard clustering and soft clustering. In hard clustering,
the document can only belong to one cluster whereas in soft clustering, the document can
belong to more than one cluster as shown in gure 2.1.

Figure 2.1: Hard vs Soft clustering policy.

2.1.2 Keyword Retrieval

Keyword Retrieval [12] [13] [14] algorithm work by nding important keywords in a given
text. These techniques mostly operate on the frequency of word appearance in the text which
work well in a simple setting. But one drawback associated with them is that there is no
notion of context involved in them. Some state-of-the-art deep learning based algorithms use
the attention mechanism of transformer models to nd the important words in a text. Using
the attention [15] mechanism it is possible to also incorporate the context from the surround
words while nding important words. This technique is discussed in more details in [15].
Nonetheless, the classical approaches for keyword retrieval are very powerful and simple
techniques and it is important to discuss them. TF-IDF is the most commonly used technique
for nding important keywords which is also used in this study and discussed below.

Term Frequency-Inverse Document Frequency (TF-IDF)

When dealing a collection of texts, TF-IDF helps nd important and unique words in it. TF-
IDF [16] is a statistical algorithms that works in two parts; the rst parts nds the importance
of a word by measuring it's frequency in the text. Even though, the frequency of a word can
be a good indicator of a word's importance, it can be misleading sometimes. For example,
stopwords such as 'is', 'a' 'which' often times have a higher frequency than the other words.
One option of dealing with it is to manually Iter out all the stopwords but TF-IDF algorithm
provides an automatic way of dealing with it. The second part of the algorithm IDF checks
if the word also occurs very commonly in all other texts, if so then the algorithm decreases
the importance of those words. In a nut shell, by combining these two techniques together,
TF-IDF gives keywords that are important to each text and also unique with respect to the
rest of texts.
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2.2 Deep Learning

Deep Learning is a Machine Learning technique that automatically learns the feature of
the data. It performs better than all other machine learning algorithm as it doesn't require
hand-crafted features like most Machine Learning models. Additionally, deep learning is
quite scalable and it has found it's applications in almost all research elds such as Computer
Vision [17] [18], Natural Language Processing [19] [20], Bio-medicine [21] [22] [23] and
many more. The later sub-sections of this chapter will provide some basic background of
deep learning and then discuss some state-of-the-art models speci ¢ to Natural Language
Processing.

2.2.1 Introduction

The most basic working principle of a deep learning models is to replicate the learning
behaviour of a human brain. For this reason, deep learning models are often referred to as an
Arti cial Neural Networks. Just like how a brain has billions of neurons which are connected
by synapses, an arti cial neural network has nodes and layers which try to depict the function
of neurons and synapses respectively. Just like how the signal travels from one node to
another through synapses, a neural network has hundreds of layers interconnected with each
other to facilitate the ow of information within the model. A typical neural network can

be broken down into three parts. The rst layer which is known as the input layer, followed
by hundreds of hidden layers where each layer can have arbitrary number of nodes. The
last layer in the output layer which provides the nal model prediction. All the nodes of all
the layers between the input and output are connected to each other which represents the
ow of conversation happening between the nodes. Each nodes receives an input from it's
previous layer and after doing some computations on it, passes it to the nodes in the next
layers. These in nitely many connections between the nodes is what makes these model so
powerful in the rst place as it allows the model to learn complex features of the data. A very
basic illustration of a neural network can be seen in gure Figure 2.2

2.2.2 Basic of an Arti cial Neural Networks

In order for a neural network to produce accurate results, it needs appropriate weights.
Essentially any input that is given to the model, passes through all the layers of the models.
This mechanism is known as the forward pass in which the input is multiplied to the weights
of all the layers. Hence, before a model can provide good predictions, it must go through a
learning phase where it adjusts it's weights by looking at the input samples.

To get a better understanding of how a neural network works, it might be helpful to rst
understand what happens to a single node in a layer. As shown in Figure 2.3, a neuron(node)
receives the features x, X2, X3, ...., X, from the previous layers. These features are then
multiplied by the weights w 1, wo, W3, ...., Wy, and passed through a summation to get a
single value as the output. As a standard practice, this output is passed through an activation
function [24] which in most cases adjusts the output between 1 and 0O, or -1 and +1, or 0 and
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Figure 2.2: A neural network with only one hidden layer.

positive values. The choice of the activation function varies of each model and highly depends
on the underlying application. Some commonly used activation functions are discussed in
the section 2.2.2

Looking at the bigger picture, each node in a layer receives the output of all the nodes from
the previous layer as it's input. Similarly, the output of each node is passed to all the nodes in
the layer next to it. A model with hundreds of layers with hundreds of nodes for each layer is
able to perform very deep and nested calculations and is known as a Deep Neural Network.

The weights of a network are the backbone of the whole model therefore, before moving
forwards it is important to understand what they actually mean. The weights of a model
are basically matrices containing numbers which are initialized with random values in the
beginning. During training, the models sees new samples as inputs and keep adjusting the
weights accordingly. The idea is to keep training and changing the weights until the output is
good enough. Two important concepts involved in the weights update are the loss function
and the concept of back-propagation. Both of them along with the activation functions are
explained below.
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Figure 2.3: A sample neuron inside a neural network.

Activation Functions

Some common choices of activation functions includes the following:

1. Threshold Functions:  This is the most basic form of activation function. As the name
suggest , if input value is above the threshold value, it return 1 and if it below the threshold
value, it returns 0. Most often variants of a threshold function is a unit step function that
return 1 for value zero and above and returns O for negative values. The graph for a unit-step
function can be seenin gure 2.4

2. Sigmoid Functions:  This is the most commonly used activation function in the deep
learning community. For an given input, a Sigmoid [25] function returns a value between 0
and 1. This works very well with most models as it gives a probabilistic measure as a output.
One example of such a case would be a Binary Classi cation model. Given an email, the
model needs to predict if it is spam or not. Instead of treating it as black and white, it is a
better practice to give a probabilistic measure and conclude that the email is 60% spam. The
graph for a sigmoid function can be seen in gure 2.5

3. Recti er Functions:  This function is most commonly known as a ReLU [26] function and
is used to avoid negative inputs. For an input value, it returns a 0 if it is negative otherwise it
outputs the input as it is. The graph for a relu function is shown in gure 2.6

4. Hyperbolic Tangent Functions:  This function is commonly know as a tanh function
because of the trigopnometric identity involved. It works similarly to a sigmoid function but
has a different range of output. For any input, it returns a value between +1 and -1 as shown
in gure 2.7

10
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Figure 2.4: The mathematical form and graph for a threshold function

Figure 2.5: The mathematical form and graph for a sigmoid function

11
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Figure 2.6: The mathematical form and graph for a reLU function

Figure 2.7: The mathematical form and graph for a tanh function

12
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Loss Function

A loss function is essentially a mathematical formula that calculates the difference between
the model's predicted value and the actual output. This loss values does not only provide

a measure to evaluate the models performance but also plays a vital role in the weight
estimation happening through back propagation which is mentioned in the section 2.2.2
A loss function is picked depending on output requirement of the model. Some common

choices of loss functions are discussed below:

1. Mean Squared Error Loss In the simplest form, a mean squared error loss (MSE) is
de ned as %éi”:l(yi yi)? where y; is the actual output for a sample i and Y; is the model
prediction for sample i. The MSE loss functions takes the difference between the actual and
predicted values for all samples and takes to mean to get the loss for the whole dataset. This
loss function works well for a regression model where the outputs are the real values.

2. Cross-Entropy Loss  An MSE loss function doesn't work well with a classi cation problem
where the output needs to be 0 or 1 rather than real numbers. For such a case, the formula
to calculate the loss is  (yilog(yi) +(1 yj)log(1 V) where y; is the actual output for a
sample i and yj; is the model prediction for sample i. This loss function works in two parts.

1. First is for the case when y; = 1, the second term of the formula disappears as 1
become 0. In this case, the loss function simply multiplies the log of predicted value to
the actual value.

2. The second case occurs whery; = 0, the rst term of the formula disappears as y; = 0.
In this case, the loss function also multiplies the log of predicted value to the actual
value.

Backpropagation

Given the size of a typical deep learning model, it is an impossible task to guess the weights.
A more reasonable approach is to estimate them by looking at the data. This where the
concept of backpropagation [27] and gradient descent [28] are used. The training procedure
of a deep learning pipeline can be broken down in to parts; Forward Pass and Backward Pass
(Back propagation)

1. Forward Pass: In this step, the input is passed through the all layers. The input is
multiplied by the weights of the rst layers which is passed on to the next layer. This
exchange of information between nodes keeps happening until it reaches the output layer
where it is passed through an activation function to get the output in the desired format.
Finally, the loss in calculated using this output value with respect to the actual value. This
loss value is pass to the back propagation algorithm that updates the model weights.
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2. Backward Pass (Backpropagation): The working principle of Backpropagation [27] is
based on the gradient descent [28]. The ultimate goal of back propagation is to minimize the
loss by bring the model predicted close to the actual output. Hence, this can be characterized
as a minimization problem where the global minimum is needed. Hence the general idea is
to calculate the gradient of the loss function with respect of the weights. In each iteration,
the model weights are updated using the gradient of the loss function which guides the loss
function towards the minimum. The equation used for weight update is W;+1 = W; a(DW)
where a is the learning rate which tells the algorithm how fast or slowly it should move
towards the minimum point and DW is the derivative of the loss function. This process of
update is repeated several times until the model accuracy reaches an acceptable value.

2.2.3 AutoEncoders

An Autoencoder [29] [30] model could be used to learn the latent representation of the feature
hence reducing the feature space to a much smaller size. It works by designing a model
which reduces the dimension of features to a much smaller value and then by increasing the
size of the reduced features to the original feature space. Such a model uses the input as
the output of the model. The general idea is to train the weights of the down sampling and
up sampling layers such that the bottleneck layer is as accurate as possible and to precisely
represent the input data. If the model is trained properly then these latent features could
use to represent the original feature space. An Autoencoder model can be used to encode
the data by learning the compressed representation of the original data. The second part of
the model is to train the weights to reconstruct the input from the encoded representation.
While it is not possible to reconstruct the input with complete accuracy, the aim is to come as
close to the input as possible. This is a dimensionality reduction [31] technique that is used to
remove noisy features and only keep the relevant features. There are three main components
of an Autoencoder which are also represented in gure 2.8.

1. Encoder: This is the rst part of the model trains the weights of the associated layers to
compress the data without losing information.

2. Bottleneck: This layers contains the encoded representation of the input data. This layer
is often times referred to as the bottleneck of the model

3. Decoder: This second part of the model uses the compressed features from the bottleneck
layer and tries to reconstructs the input.

2.3 Deep Neural Networks for Natural Language Processing

A standard deep learning model doesn't work well with a text related problem because the

data involves a temporal component. For NLP related tasks, deep learning community has
special models that are able to keep track of previous words while processing the current
word in a sentence. Such models are know as Recurrent neural networks (RNN) [32] that
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Figure 2.8: Abstract layers of an Autoencoder model where the model tries to reproduce the
input through an intermediate dense representation.
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have a memory compartment in them to keep track of the output from the previous word.
Since RNNs can only keep track of the previous word, another variant of this model known
as Long Short Term Memory [33] (LSTM) networks was introduced which was able to take
care of long term dependency between words in sentence. RNNs and LSTMs would work
very well for a next word prediction task where as language translation task would work well
with a Transformer [15] model. A transformer model is built of an encoder and a decoder
model which focuses on Sequence to Sequence tasks. While these models work well, they
have their limitation such as the time, resources and data needed to train the model. But more
importantly, all of these models are meant for supervised learning tasks which is not the case
in this study. Since due to the last of labels, it is not possible to train a model, this study
focuses on pre-trained model weights and word embedding, both of which are discussed
below.

2.3.1 Word Embedding

Word embedding [34] [35] is a way of representing text before being passed as an input
to the model. It is very different from previously used techniques such as Bag-of-word
representation and TF-IDF [16] as it is able to capture the syntactic and semantic meaning of
the text. They also allow to the text to be represented through a dense vector. The general idea
of a word embedding is to have a multi-dimensional representation for each word allowing
two words to be similar on some dimension and and dissimilar on others. One example
would be to compare the embedding for the words 'pizza’ and ‘apple’. Since they are both
edibles, they would values very close to each other in one dimension. However, as one is a
fruit and other is fast food, the embedding values for another dimension would be far away
from each other. A very simple example of a word embedding can be seen in gure 2.9. This
speci c example has an embedding size of 3 which represent the features [wing, engine, sky].
It can be seen that that goose, eagle and bee have a higher value along the rst dimension
because they have wings while helicopter, drone, and rocker do not so they have a value of 0.
Similarly goose, eagle and bee have a 0 value along the second dimension as they do not have
engines while helicopter, drone, and rocker do so they have higher values. In a typical word
embedding model, each word can have up to 1024 dimensions. Essentially the embedding are
generated for text so when a sentence of length 7 is passed through a model with embedding
size 768, the resulting representation would be a matrix of 7 x 768. This means that there are
5376 (7*768) way of interpreting the sentence. A word embedding model is also trained like a
deep learning model where the weights of the model are updated during the training phase.
These models have a very intuitive architecture and training schemes, some of the models
relevant to this study are discussed below:

Word2Vec

Word2Vec [2] [36] embedding model was rst of it's kind and was trained using the word
prediction technique. It followed two training schemes.
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Figure 2.9: Visualization of a Word Embedding space with 3 dimensions.

1. CBOW model:  This technique would iterate through a sentence and try to predict each
word given the surround words. For a sentence "Today is sunny', it would iterate through the
sentence and train the model to predict ‘Today' given the context words 'is' and 'sunny' and
then try to predict 'is' given the words ‘today' and 'sunny' and so on.

2. Skip-Gram mode:l This approach tries to predict the surrounding words given the
context word. For the sample example sentence, given "Today', model tries to predict the
words 'is" and 'sunny'. Word2Vec model was rst of it's kind but has several challenges such
as the fact that the model architecture is not equipped to deal with unknown words, and has
no concept of sub-words. The networks are not portable and cannot be used to initialize new
architectures and it requires new embedding matrices to scale the model to a new language.
Many state-of-the-art embedding model models such as BERT [3] and XLNET [5]have found
solutions to these problems and are able to perform much better.

BERT

BERT [3] is a language model which uses two training schemes; Next Sentence Prediction
in which the model tries the predict the next sentence given a rst sentence and a word
masking approach where the model randomly masks word in sentence and the model tries
to predict them. BERT has two variants; . Both BERT and word2vec are unsupervised word
representation methods but the main difference is that the embedding generated by BERT are
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not static. They are generated for each word uniquely depending on the context. Generating
word embedding though BERT requires the entire sentence to be passed through the model
to get it's embedding vector, while for word2vec approach requires a lookup table. BERT base
model which is built using 12 Transformer [15] models with embedding vector of size 768 and

a BERT large that uses 24 transformers with embedding vector of size 1024. A Transformer
model consists of an encoder and decoder part that focuses on sequence to sequence modeling.
However, the interesting part is the self attention mechanism of the transformer model that
tells the decoder block which words to focus on more in the input text when producing the
output. The reason for BERT's success is the ease of scalibility and expandable nature. In
general, BERT model is trained as a general model and can be ne-tuned for several down
stream tasks. It also allows to get a very rich feature representation for the text using the
pre-trained weights.

XLNET

XLNET [5] is a similar to BERT as it uses the same masking approach for training but it
provides solutions to some of the challenges faced by BERT. Since BERT uses a masking
approach for training by masking out words randomly in the sentence, the prediction for
the masked out words might be correct on an individual level but often times doesn't make
sense contextually for the text as a whole. For example; BERT model would randomly mask
the words in a sentence as follows 'l went to [MASK] [MASK] and saw the [MASK] [MASK]
[MASK]'. There are two ways the model can predict words for this sentence; 'l went to New
York and saw the Empire State building' and 'l went to San Francisco and saw the Golden
Gate bridge' are both correct. However if the model predicted 'l went to New York and
saw the Golden Gate bridge' it would be contextually wrong but since BERT checks these
predictions independent of each other, it would not consider it wrong. The main contribution

of the XLNET model is to provide a solution to it by using an auto-regressive approach
which checks these predictions in a sequential manner. However, in order to not have a
unidirectional dependency, it rst create a random permutation using which the words in the
sentence are shuf ed and then masks the words. This approach requires a lot of memory and
hence makes it more expensive to train than BERT. XLNET was also trained on a dataset that
is way larger than BERT which enables it to provide more contextual vector representations
for the text. Another advantage that XLNET has over BERT is that BERT model cannot handle
an input of more than 512 tokens where as XLNET has no such limit.

2.3.2 Transfer Learning

Transfer Learning is a term in Deep Learning which refers to using the pre-trained network
weights. Since it is very resource consuming to train weights from scratch, it is usually a
better practice to use the weights that have been generally trained previously and ne-tune
it for a speci ¢ tasks. In simple words, the models weights are initialized with weights that
were trained by someone else which makes the model converge way faster for a speci ¢ task.
This is the main approach for word2vec [2] based method and also possible with BERT, to
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initialize existing model with the word embedding and train it on another task. For BERT
however, another possible approach is to ne-tune the BERT model itself on a new task, rather
than initializing a different model. This is also a very good way of dealing with a dataset that

is smaller in size. In the domain of NLP, transfer learning refers to using the word embedding
weights to get a more contextual representation of the data. Since the state-of-the art models
such as BERT [3] and XLNET [5] are trained on very large corpus, the vector representation
is very accurate. The general idea is to use these weights to ne-tune a network for a more
speci ¢ but that also requires labeled data. One the plus side, since these embedding are
so strong, they work quite well even without the ne-tuning. So for a dataset that has no
labels, it is possible to still get a meaningful feature representation to perform tasks such as
clustering.

2.4 Clustering

In order to train a good Neural Network, the most important thing is labeled data which
is quite challenge in a real world setting. This unavailability of good quality data gave
rise to a branch of machine learning known as unsupervised learning. The algorithms
belonging to this branch allow to get meaningful insight in the data without any labels.
Clustering [37] [38] [39] is a very powerful technique that works by grouping similar data
samples together. The output of a clustering algorithm can be seen in gure 2.10 where
the data has been grouped into three clusters. Clustering a dataset has two main working

Figure 2.10: Output of a Clustering algorithm where data has been grouped into 3 clusters.

principles which are mentioned below:
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1. The distance between data points within a cluster should be minimal.
2. The distance between the clusters should be maximized.

There are many clustering algorithms available but the one used in this study is K-means
algorithm which is discussed in the section below.

2.4.1 K-means Clustering

One important hyper-parameter in clustering is 'k’ which refers to the number of clusters. The
general idea is to de ne 'k’ clusters and assign one random data point to it as the initialization
step which acts as the center point for that cluster. Then in the training phase, all data
points are assigned to the cluster with whom the point has smallest distance. This process is
repeated until the clusters no longer change or training has occurred for the speci ed number
of iterations. To calculate the distance between data points, an appropriate distance measure
has to be used. Most common choices of a distance function is the Euclidean distance which
checks the feature-wise distance of two given data points. One possible approach of nding
the clustering representative is to use the mean of all the data points belonging to that cluster.
This techniques is known as k-means [40] clustering. The clustering obtained from a k-means
algorithm varies quite drastically depending on the value of 'k’ which refers to the number of
clusters. This value for k depends on application, use-case or some prior knowledge about
the data. In some cases, this value is known in advances. When clustering the customer
review into positive and negative, it makes sense to use k=2, this is an example of application
use-case. But, when a dataset contains text snippets from 4 different author then the value
of k. However there are cases when no prior knowledge and information about use-case is
available. In that cases, it is usually helpful to try various values for k visualize the results in
order to nd the value of k that best describes the dataset. The steps typically followed by a
K-means algorithm to cluster the data:

1. Initialize k points randomly from the data. These points act as the centroids for each
cluster.

2. For each data point, calculate the euclidean distance to all centriod and assign it to the
cluster for which the data point has the shortest distance.

3. For each cluster, take the mean of all the data points assigned to it. This mean will serve
as the centroid of this cluster for the next iteration

4. Keep repeating step 2 and step 3 until the data points belonging to a cluster no longer
change or maximum number of iterations is exhausted

The above mentioned steps can be visualized in gure 2.11. Part 'a' shows a typical dataset
with points not assigned to any cluster. Part 'b' shows two randomly selected data points for
each cluster. Part 'c’, 'd' and 'e' show glimpses of the convergence process that assigns data
points to the nearest cluster. Part 'f' shows the nal after the algorithm has converged.
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Figure 2.11: Convergence process of a k-means algorithm with k=2
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3 Related Work

This chapter focuses on other techniques and research related to the tasks covered in this
study. The rst section of this chapter discusses some state-of-the-art techniques for Topic

Modeling in general and evaluates them from a technical perspective. The second section

focuses on works related to People Analytic which is a research area that uses Machine
Learning techniques to analyze the data collected by Human Resources.

3.1 Topic Modeling

Topic Modeling [41] [42] is document clustering technique in NLP that groups similar
documents together. It is an unsupervised techniques that also focuses on formulating a
coherent theme that best describes each cluster through topic words. Topic Modeling can be
used to analyze customer reviews, software logs, open-ended surveys, blog posts, employee
objectives, etc. It is very helpful technique to provides automatic ways to analyzing huge
collections of documents. It enables the users to saves a lot of time that would be otherwise
spend on reading and analyzing all the documents. This is a very power approach as it
doesn't need require any labeled data and extensive resource to train a model. It follows a
very basic approach by learning how phrases and words co-occur in documents and uses that
knowledge to group documents. In a simple scenario, it has one hyper-parameter which is
the number of clusters (k) to which the documents should be grouped.

Latent Dirichlet Allocation [1] (LDA) developed by David M. Blei is a generative Proba-
bilistic Model used for Topic Modeling. It is a very well formulated technique which is used
by almost all researcher in the eld as a benchmark for the evaluation of any new approach.
This algorithm produces clusters based on the frequency of words in each document in the
corpus and operates under the assumption that documents containing similar words are
similar in nature. LDA uses a bag of word representation for text as input which simply
refers to a vector that shows the count of each word in the text. For example, [3, 6, 7, 3, ...., 10]
represents that the word with id O appears 3 times in the text and the word with id 2 appears
7 times. LDA model provides output in two parts; rst is through a vector of length 'k’ for
each document that shows it's probability of belonging to each cluster and the second vector
gives shows the probability of each topic word belonging to all cluster. For a text corpus of
100 documents and k=4, an LDA model would output document-to-cluster matrix of size 100
x 4 where for instance the values [0.1, 0.5, 0.3, 0.1] onlQy, row of the matrix would mean
that the document with index 10 belongs to cluster 1 with 10% probability, cluster 2 with
50% probability, cluster 3 with 30% probability, and cluster 4 with 10% probability. Before
converting the text to a bag-of-word representation, a dictionary is created out of the whole
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corpus where each word is assigned an id. For each id, the model outputs a similar vector
which tells the probability with which each word belongs to a cluster.

LDA2vec [43] by Moody is the rst technique that combines classical approaches with
deep learning to perform Topic Modeling. It works by combining an LDA [1] model with
the skip-gram scheme of Word2Vec embedding. Instead of directly using the context words
to predict the pivot word as done originally in word2vec training, lda2vec combines the
document vector and word vector to form a context vector which is used to predict the context
words. Moreover it also uses the concept of negative sampling where along with words that
model should predict, it also passes the words that it should not predict during the training.
When training a normal embedding model, for the pivot word '‘German’, the context word
prediction would be 'French’, 'English' or 'ltalian’ as the guesses are only limited to the
local features learned during training. But the power of Ida2vec lies in the fact that during
training, it not only learns the low level embedding features, but also document related high
level features which allows better guesses. Similar to LDA, the output of this model is also
document weight vectors. The advantage of using Ida2Vec over the original LDA comes into
play when instead of human readable topics, machine-usable word level features are desired
as output. lda2vec experimented with two datasets namely "Twenty Newsgroups' and 'Hacker
News Comments corpus'. In their study, it is shown that topics found by Ida2vec correlates
with the human evaluation. Furthermore, for the automatic evaluation of the results, an topic
coherence score is used which tells how well-composed the clusters are. During their research,
Twenty Newsgroups dataset yielded high coherence score whereas the model trained using
Hacker News Comments dataset was able to nd relevant topics within its community.

Similar to Ida2vec [43], Embedded Topic Model (ETM) [44] by Dieng, Ruiz and Blei
presents an approach that also combines LDA [1] with the word2vec embedding model. ETM
works by learning a latent representation of the words similar to word embedding and also
learning a latent representation for the documents in terms of topics. They experimented
with 'New York Times' corpus and '20Newsgroups' corpus. They compared their results to
an LDA model the neural variational document model (NVDM) [45]. They have used two
type of evaluation for the experiments. First is by the qualitative measure which examines
the word embedding generated by the models. Their study shows that the word embedding
learned by ETM model are more diverse than the skip-gram and NVDM embedding. Second
approach is the quantitative approach which measure the quality of topics by calculating an
interpretability score. This score takes into account both the the topic similarity which shows
how coherency of topics in a cluster and topic diversity which shows the uniqueness of the
topics. For different vocabulary sizes, ETM seems to have higher interpretability score than
LDA and NVDM for both datasets. Their technique presents an approach that is quite robust
to stopwords and is able to produce better scores even when the stop words are not removed
from the training data. This is not the case for other models.
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3.2 People Analytic

People Analytic is an emerging research eld hailing from several existing elds such as
Data Science, Behavioral Science, Motivational psychology and predictive analytic. Given
this digital age, many companies are trying to utilize the large amount of data at their
disposal gain more insight into tasks such as estimating employee satisfaction, employee
turn-over analysis, and employee recruitment etc. The main goal is to use Machine Learning
tools to understand the employees and their needs on a personal level to design a more
personalize management style for each employee. This study focuses on a task that tries to
use state-of-the-art techniques to understand the yearly goals of employees by analyzing their
objectives. Before diving into that, it is important to discuss some related work in this eld
and try to understand the approaches followed by them.

One task that has had a lot of attention from Machine Learning community is the automatic
evaluation of employee performance. A lot of research is being done to nd an automatic
approach that analyzes employees performance and makes decision on appraisals and
promotions. In a similar study, Sarker designed a hybrid framework [46] that uses Decision
Tree and K- means Clustering approaches to predict employee performance. The dataset used
in this study focuses on features such as written and verbal skills, sense of responsibility and
punctuality among things. Another study [47] that proposes a model to predict employee
performance was conducted by Nasr, Shaaban and Samir. They experimented with Naive
Bayes, Support Vector Machine and Decision Tree to identify the factors that contributed
towards employee productivity. The dataset used in their study was collected from the
Ministry of Egyptian Civil Aviation on which they were able to achieve up to 79% accuracy.

Employee hiring is time extensive process that includes evaluation many candidates based
on their experience, technical knowledge and social skills. For companies it is essential to
hire someone brings value to the company and is reliable. Quite often, companies end up
hiring employees who do not turn out to be a good t for the company in the long run. To
avoid that mistake, a lot of companies are inclining towards Deep Learning based solution
that would help them pick the best candidate and to also reduce the cost of this process. The
idea is to use an completely automatic pipeline that evaluates all candidates and picks the
best pro le. One approach for such a system is discussed by Faliagka [48] who presented
a Machine Learning based algorithm for evaluation of candidate pro les for a recruitment
process. Their approach uses some prede ned features to evaluate the LinkedIn pro les of
candidates and ranks them based on how suitable their pro le is for the job. Their research
uses classical approaches such as Linear Regression and Regression tree as a part of their
rank learning algorithm.

Employee turnover prediction is another hot topic in the eld of People Analytic. In human
resource terminology, Employee turnover refer the act of replacing an employee with a new
one. This could be caused by termination, resignation, death or retirement among other
things but it often costs the companies a lot to replace an employee. Many companies are how
turning towards machine learning approaches to predict an employee turnover so they better
manage and plan accordingly. One approach was presented by Zhao in his research [49] to
predict employee turnover within small, medium and large organizations. He experimented

24



3 Related Work

with many variants of Decision trees [50], Support Vector Machine [51] models, Latent
Semantic Analysis, Regression models, Clustering algorithms and Deep Learning models.
The result of this study conclude that for a small dataset, results vary heavily depending on
the nature of the dataset so it is recommended to try all models and see what words best.
However if a bigger dataset is available then extreme gradient boosting [52] is recommended.
These results were concluded by evaluating the statistical scores such as Accuracy, Precision,
Recall, F1 Score, and Receiver operating characteristic (ROC) score.
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The target group for this project within Merck Group includes employees with least amount
of technical knowledge. To enable Merck Group to effectively use the con gured Natural
Language Processing models, it is important to have a system that is easily to understand
and simple to use. The outcome of this study is a Flask [53] based application that provides
a Graphical User Interface (GUI) for performing Topic Modeling on the employee objective
dataset. The GUI provides an interface for working with the NLP engine and also provides
various types of visualizations for analyzing the results. The main idea of this application is
to get a holistic view of employee objective without having to read them. The application
operates on a dataset provided by Merck containing the objectives of employees along with
their anonymous ids. This application is meant for people in managerial positions and want
to quickly get an insight into employee objectives. This section is divided into 2 sections. First
is the front-end section which explains the navigation ow of the application and summarizes
the available functionalities. The second section discusses the back-end and explains the NLP
engine and ask end-points. A summary of the ow between the front-end and back-end of
the system is discussed in the sections below and can also be visualized in gure 4.1 which
shows how the results are pre-computed, stored to and read from the back-end.

Figure 4.1: System Architecture of the Topic Modeling Framework that shows the interaction
between the front-end and the back-end. 'Employee Analytic' tab reads meta-data
from back-end before displaying options. It also fetches the requested results from
back-end. 'Precompute Data' tab reads a new data le and generates results for
all selected combination using the NLP engine and stores the result in back-end.
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4.1 Front-end

The front-end of this application has three tabs; 'Home', 'Employee Analytic', and '‘Precompute
Data'. The functions and usage of each tab is discussed in a separate sub-section below:

4.1.1 Home

This is the start-up page and it contains some basic description about other tabs and explains
how to navigate through them. A snapshot of the homepage can be seenin gure 4.2

Figure 4.2: An illustration of the Home tab of the Topic Modeling Framework which provides
an explanation about navigation and usability.

4.1.2 Employee Analytic

This tab is used to con gure different parameters for clustering. Results for all of the
con gurations need to been precomputed beforehand in order to provide a smooth user
experience. More details on it are discussed on the section 4.1.3. Furthermore, as shown
in gure 4.3, there are 4 important con gurations to be selected to visualize the results
including type of visualization, type of Model, Employee Clusters (k), and choice of N-gram.
More details on this con gurations are discussed in the sub-sections below:
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Figure 4.3: An illustration of the Employee Analytic tab of the Topic Modeling Framework

which allows to select the type of visualization, model, employee clusters and
N-gram for results visualization.

Visualization

This framework includes four types of visualization to analyze the results from the NLP
engine and are mentioned below:

« A 'Word Cloud' refers to an image which contains main topic words and the font size
of each word represents it's respective relevance. The number of word cloud images
depend on the con guration of Employee Clusters. In this framework, each word cloud
represents the main topics from the objectives of employee in a cluster. A word cloud is
a very basic but powerful visualization which helps formulate the theme of each cluster.
This visualization shows the results of clustering and topic word retrieval combined. A
sample word cloud output with two Employee clusters is shown in gure 4.5.

‘Employee Cluster 2D’ is a type of visualization that displays employee clusters in
two dimensional space. However, this type of visualization is meant for the clustering
part of Topic Modeling as it only displays the clusters with little emphasis on selected
topic words. A shapshot of this visualization can be seen in 4.6 where employees
are clustered into ve groups. In the graph, each dot represents an employee and it
placement in the space with respect to their objective while the color represents the
cluster they are assigned to. On hover, it is possible to get see the employee id and a
glimpse of their objective. The graph legend on top right shows relevant topic words
for each cluster.

'‘Employee Cluster 3D' represents the employees in a three dimensional space. This
visualization is very similar to the two dimensional representation except for the fact that

28



4 System Architecture

it is able to retain more features. A snapshot of employees plot in a three dimensional
space can be seen in gure 4.7.

« 'LDA vis'is a visualization created by pyLDAvis [54] which is a python library that
provides tools to visualize an LDA [1] Model. The visualization provided by pyLDAvis
can be seen in gure 4.8. This visualization shows the probabilities predicted by the
LDA for document-cluster and topic-cluster probabilities. The circles on the left for
example show the size of each cluster depending on how objectives belong to it. On
the right, for each cluster it shows the top words and the number of times each word
appears in it. This visualization is only available when using an LDA model. so when
visualization is selected, the dropdown menu for model selection is disabled as shown
in gure 4.4.

Figure 4.4: System behavior when LDA vis is selected as visualization. The Models dropdown
menu is disabled as 'LDA vis' only works with LDA model so a model selection
is not possible. The system automatically selects LDA mode.

Employee Cluster

This parameter represents the number of clusters the algorithm should be group the employee
into. This is an assumption and usually the correct value can be found by trial and error. For
Instance: If the data had objectives of employees from 4 departments, a good assumption
would be that employee cluster is 4. The dropdown menu for this parameter shows only
those values whose results have been precomputed through 'Precompute Data' tab.

Model

This con guration offers different choice of models to use for clustering the employees.
The choice of models includes two type of word embedding, the LDA model, and also the
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Figure 4.5: A sample on Word Cloud Visualization for 2 clusters on Employee Objective
dataset. The plot shows a summary a selected con gurations and and visualization
details.

combination of word embedding with an LDA model. Since, the LDA model works with
N-gram = 1 so whenever it is selected, the dropdown menu for N-gram is disabled as shown
in g 4.9.

N-gram

When picking topic words for each cluster, this parameter lets you decide the n-gram for
the topic words. N-gram = 1 would give you words such as "Talent" , "acquisition" whereas
N-gram = 2 would give you words like "Talent-Acquisition". The dropdown menu for
this parameter shows only those values whose results have been precomputed through
'Precompute Data' tab.

4.1.3 Precompute Data

This tab allows to precompute results for new data. Since it takes times for the NLP engine
to compute results on run-time, the results for all combination are precomputed and saved.
To provide a smooth user experience, the results are simply loaded and displayed instead
of computing everything on the y. As seen in gure 4.10, the results can be procomputed
by uploading a le (csv or excel) with new data. A successful precompute overwrites the
data from the previous precompute. The dialog also allows to select the values of n-gram
and employee clusters for which the results are precomputed. The Employee Analytic tab
only shows the values of N-gram and employee cluster for which the results have been
precomputed here.
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Figure 4.6: An illustration of Employees grouped into 6 Cluster in 2D space using Employee
Objective dataset.The plot shows a summary a selected con gurations and and
visualization details.

Progress of the precompute operation can be tracked using the progress bar as shown in
gure 4.11

4.2 Back-end

The Back-end of the Topic Modeling Framework uses Flask [53] api to manage end-points
and an NLP engine as the backbone. Some relevant end-points along with their roles are
mentioned below:

4.2.1 Home

This is the startup page for the framework which contains some html code on the back-end to
display hard-coded text as seen in gure 4.2.
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Figure 4.7: An illustration of Employees grouped into 6 Cluster in 3D space using Employee
Objective dataset.

4.2.2 Employee Analytic

When a user click on the 'Employee Analytic' tab, the analytic end-point shows the results or
an error message after following these steps:

1. Reads the meta-data json le from the previously precomputed results as shown in
gure 4.1. This meta-data le has information about the values of N-gram and Employee
Cluster for which the results are available. On the front-end, it then only displays the
values for users for which the results are available.

2. The loaded interface allows user to select the con gurations for which they want to see
the results.

3. When 'Generate Employee Clusters' buttons is clicked, it connects ask to the 'result’
point and sends all the selected con guration along with the api call.
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Figure 4.8: An illustration of 'LDA vis' Visualization who gives insight into the probability
scores of an LDA model.

Results

When this end point is triggered, it generates the path to the output folder where the request
results should be present and does the following:

1. It checks if the output folder exist.

2. If the output folder is missing, it simply shows an error message that these results are
missing and need to be precomputed.

3. If the folder is available, it reads the html les or images and displays them along with
some visualization description.

4.2.3 Precompute Data

User is connected to this end point when the 'Precompute Data' tab is select. This end-
point provides an interface to upload a new le and precompute results on for the selected
con gurations of N-gram and Employee Clusters which can be seen in gure 4.10. When the
'Precompute on selected con gurations' button is clicked it does the following:

1. Checks that a valid le is selected, at least one value for N-gram and Employee Cluster
each have been selected.
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Figure 4.9: System behavior when LDA model is selected. Since this model only works with
1-gram, the dropdown menu for N-gram is disabled.

2. If the above mentioned checks are full lled, it proceeds with precompute and directs to
the progress end-point along with the selected con gurations. The progress end-point
is discusses in section 4.2.3.

3. otherwise it redirects to the error page end-point.

Progress

This page shows a progress bar which tracks the progress of the precompute operation. If
for some reason, there is an exception during the precompute then it also show an error
immediately. There is also a '‘Cancel Precompute’ button that aborts the whole function as
shown in gure 4.11. The summary of the progress end-point is discussed below:

1. This end-point rst reads the le and pre-processes it using the steps mentioned in
section 5.1.

2. It creates a temporary folder to store all results.
3. Writes the meta-data to a '.json’ le to be read by the Employee Analytic tab.

4. For the select con gurations from precompute end-point, all visualization and model
choices, it iterates over it

5. For each combination, it creates an output folder and a "Topic Model' Object which does
features selection as mentioned in section 5.2 using the selected Model. It also performs
clustering and get topic words as mentioned in section 5.3.1 and 5.3.2 respectively.
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Figure 4.10: Pre-compute Tab of Topic Modeling Framework. It allows user to select a new
data and also select the con gurations for which results should be precomputed.

6. It saves them results in either ".html' or ".png' depending on visualization in the
generated folder.

7. If results for all combination are precompute successfully, it replace the previously
precomputed results with the new one.

Error Page

This is simple html page that displays an error message depending on the exception.

« If the user forgot to upload a le, then it displays a message accordingly as shown in
gure 4.13.

« |If the user did not select a value for N-grams or Employee Clusters then it displays a
message accordingly as shown in gure 4.12.
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Figure 4.11: A snapshot of progress bar to track the precompute operation. ‘Cancel Precom-
pute' allows to cancel the operation.

Figure 4.12: A snapshot of error message when user forgot to select con gurations for pre-
compute.

Figure 4.13: A snapshot of error message when user forgot to select a le for precompute.
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In this study, the Topic Modeling pipeline is distributed into ves steps. First is the pre-
processing of data before being passed to the model, second is the feature selection step for
clustering, third is clustering the documents into groups, forth is the topic retrieval step which
nds topics words for each cluster, fth and last is a post-processing steps which removes
redundant topic words from clusters. An abstract concept of the methodology is presented in
gure 5.1 which depicts the whole pipeline as well as the types of available feature spaces.

Figure 5.1: A Block diagram of the methodology used in this study. An objective document is
passed through a Pre-processing step rst, then one of ve type of feature spaces
is selected which is used of clustering. Next, one of the three topic word retrieval
technique is selected to get the top topic words. Last step is post processing to
remove redundant topics from clusters.

This chapter is divided into ve sections. First section pre-processing describes the steps
used to prepare the data for cluster. Second section discusses the choice of features for
clustering while third section explains the clustering techniques used in this study and also
discusses the importance of number of clusters (k). Fourth section discusses the techniques
used for nding topic words for each cluster. Fifth and the last section is about the post
processing techniques used to get more coherent cluster themes.
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5.1 Pre-processing

Pre-processing is an important step in any Natural Language Processing pipeline as it converts
to textual and unstructured data into a form that is understood by the model. This study
focuses on two types of models, LDA [1] model and Embedding models. Both of these models
require the data to be pre-processed differently. An LDA model requires input data to be
in bag-of-word representation. Such a representation disregards any grammatical form and
order of words in a sentence. Hence, only focusing on the word count. The beauty of word
embedding model is that they don't this extensive manual pre-processing as an LDA Model.
Most Embedding models come with their own tokenizer which takes care of all model speci c
pre-processing. Moreover, they have built-in dictionaries which contains the vocabularies
used for model training. These models have techniques of dealing with unknown words such
as breaking it into sub words that exist in the model vocabulary. Before passing the data to
an embedding model. While the pre-processing steps are necessary for a word embedding
models from hugging face library, the sentence embedding models such as Sentence Bert and
Sentence Roberta from Sentence Transformer library do not require any pre-processing at all
and text is passed directly to the model. However, some general pre-processing steps include
text cleaning, tokenization, lemmatization, and encoding into a humeric form.

5.1.1 Text Cleaning

This simple step cleans the text by removing the words and characters which add no value

to the features. This noise removal step procedure is essential for all models as it makes the
feature more meaningful and improves the quality of results. This text cleaning processes can

also be regarded as a smoothing process which removes typos and redundancies.

5.1.2 Tokenization

Tokenization means breaking a sentence into a list of words (features) which can be fed to the
model. For example: 'My name is Adam' would be tokenized as ['My', 'name’, 'is', 'Adam.
There are many existing libraries that perform this tokenization. For Word Embedding Model,
tokenization step is a different as it requires a model speci ¢ tokenizer from huggingface [55]
library. The reason for using a model speci c tokenizer is that some models like BERT and
XLNET are essentially trained on a sentencepiece [56] vocabulary which works by breaking
down unknown words into smaller sub-words and treat them as individual words. Since this

is the vocabulary that the model was originally trained on, it is required to convert the text
into the words of the same vocabulary.

5.1.3 Encoding

Encoding refers to replacing the tokenized words with their respective ids. This is usually
done rst creating a dictionary that contains all the unique words from the corpus and
assigning them an id. It possible to create a dictionary and encode all tokenized words using
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the gensim [57] library. However, the Embedding Models come with their own dictionary
containing the vocabulary on which they were trained. Similar to the tokenization step, the
encoding for an embedding model is done through the model speci c tokenizer. Since it is
faster to pass data points to an embedding models in batches, all the encoding vectors must
be padded with a model speci c pad id to ensure same length.

5.2 Feature selection

The results of a clustering algorithm heavily depend on the features used for grouping
the data points. This study focused especially on acquiring meaningful and context rich
features by using state-of-the-art techniques. Two main sources of features extraction include
learning embedding vectors from different type of word embedding model and using the
document-to-cluster probability vector from an LDA model. This study focuses on evaluating
the results from both these sources as well as combining these features to see if the tandem
can give better results. This study also presents the concept of using an Auto Encoder to
learn the latent representation of the three types of features mentioned above and use it for
clustering. The methodology used for obtaining these features is discussed in the sub-section
below:

5.2.1 Latent Dirichlet Allocation Features

Latent Dirichlet Allocation (LDA) [1] is a probabilistic model which is used especially for
Topic Model tasks. As already discussed in detail in the section 3.1, this model outputs a
vector that provides the probability of each document belonging to a cluster. In this study,
the results from an LDA model are used as a baseline to compare results. But it has another
purpose, that is combining the feature vector from an LDA model with the feature vector
from the embedding model to get both local and global representation of the text.

5.2.2 Word Embedding Features

Topic Modeling is an unsupervised task, which automatically entails that training or ne-
tuning a model on the nal layers is almost impossible. However, since the embedding
models are trained extensively over a large dataset, it is possible to use their weights to get
context-driven features of the text to be used for clustering [58]. Word Embedding models
provided a token based representation of the input sentence. For a model with embedding
size 'm', it returns a vector for length 'm' for each token. If a sentence has 'I' tokens (words),
then the model would output a matrix of size [I x m]. Similarly, if a batch of 'N' sentences
with 'I' tokens each is passed to a model with embedding size 'm’, the output dimensions
would be [N x | x m].

Sentence Embedding:  For a problem such as text clustering, the token level embedding
representation doesn't do much as this study deals with learning the feature of the employee
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objectives as a whole. There are multiple ways of deriving a sentence level representation
which is a vector of length 'k’ where k is the embedding size of the model. A popular
approach involves taking the mean over all tokens to get a sentence level representation.
This approach is also followed in this study and more details on it are mentioned in the
experiments chapter. While this approach of taking mean over all tokens works for many
models such as XLNET [5], XLM [59] and Electra [60], there are some models like BERT [3]
and it's variants which are trained to provide a sentence level representation of the text as well.
BERT Model is originally trained for two tasks; next sentence prediction and text classi cation.
For this purpose, they have provided a [CLS] token which provides the representation to be
used for classi cation tasks and a [SEP] token which represents the end of a sentence. For
Bert, and all it's variant models such as RoBERTa [61], and DistiIBERT [62] are trained with a
[CLS] token which provides the sentence level representation and can be used for clustering.

Another variant of Embedding Models are the sentence embedding where the models
have been adapted to output a sentence level representation which captures the context of
the sentence as a whole rather than of individual tokens. One example of such a model
is Sentence Bert [4] which outputs the embedding vectors much faster than the normal
BERT. It uses a Siamese and triplet network structures to get a more meaningful sentence
representation which are more effective for a clustering task.

5.2.3 LDA Features + Embedding Features

One of research questions in this study is to evaluate if using the embedding feature vector
along with the LDA [1] model features could provide better results than using the feature
spaces separately. The idea behind this theory is that while LDA model features provide high
level information, embedding feature vector could provide the low level insight to the data
by capturing the context across multiple dimensions. Combining these two set of features
could potentially lead to much better clustering. The general idea to concatenate these two
feature vectors next to each other and use them as a whole for clustering.

5.2.4 Auto Encoder

Word Embedding models have a huge feature space and not all features are necessary for the
clustering task. The purpose of using an Autoencoder is to extract only the relevant features
and use them for clustering. This study uses an Autoencoder with ve layers in both encoder
and decoder each. The dimensions of each layer are dynamic and depend on the size of the
input. For the encoder, the rst layer reduces the size to 80% of the input dimension, the
second layer reduces it to 60% of the original input dimension where as third and fourth
layers reduces it to 40% and 20% respectively. The nal layer brings to the either a latent
dimension of 32 features or 10% of the input dimension if the previous layer had features
less than 32 features. The decoder works in a similar way by slowly increasing the feature
size to 20%, 40%, 60%, 80% and then nally to same dimension as the input. Once the model
has been trained, the original features are passed through the encoder to obtain a latent
representation which is then used for clustering. This dimensionality reduction approach
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is used on features from the embedding model and also used when the features from LDA
model and Embedding model are concatenated together. Clustering is done after performing
dimensionality reduction and also on the original feature space and results are compared for
all four variants to the results from LDA model.

5.3 Topic Modeling

5.3.1 K- means Clustering

Clustering is an unsupervised Machine Learning approach can be used for clustering em-
ployees based on objective. Once the objectives have been pre-processed and converted in to
a feature space containing numbers, the next step is to cluster the employees based on these
features. For clustering, a K-means clustering algorithm is used which groups the employees
on the basis of similarity between their respective objectives. The technical details related to
K-means clustering are discussed in the background chapter in section 2.4.1. In this study, 'k'
is a hyper parameter that refers to the number of clusters into which the employees should
be grouped. Since the employee objective dataset from Merck Group is very unstructured
and there is no prior knowledge available about the possible groups, the parameter k is set as
con gurable. In this study, clusters were generated for different values of k whose results are
discussed in the Results chapter.

5.3.2 Topic Words

Simple clustering of text is not very as intuitive because there are no labels available for
clusters. In a topic modeling approach, the next step is to nd topics related to each cluster.
This can be broken down into two aspects, rst is the techniques used to nd the topics and
second is the N-gram which tells how many words should be used to describe a topic. Both
of these approaches are discussed in more details below.

Techniques:

There are many ways of nding topics such as picking the words that occur the most in the
cluster, or using a TF-IDF approach for nding unique word as, or using the attention vectors
from the word embedding models to nd important keyboards. There are a few restrictions as
not all techniques can be used with all models. A summary of these restrictions are provided
in table 5.1 which shows what features space could be used for which con gurations of topic
word techniques. For example, the self Attention mechanism does not work with Sentence
transformers as they do not output the attention vectors. LDA [1] model is not included in
the list as it has its own mechanism for nding topic words which is used as the baseline.

1. Transformer Attention:  The Word Embedding models used in this study contain multiple
transformers [15] as building blocks. The total number of transformer blocks in an Embedding
model varies. BERT [3] (base) uses 12 transformer blocks, BERT large uses 24 transformers
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Table 5.1:Possible combinations of features with topic word techniques. Transformer attention
cannot work with Sentence Embedding models as they don't contain attention
vectors. LDA model is not included as it has own topic word mechanism.

Feature Space Frequency-based TF-IDF Transformer Attention
Sentence Embedding X X X
Word Embedding X X X
LDA + Sentence Embedding X X X
LDA + Word Embedding X X X

blocks while XLNET uses an adaption of a Transformer block known as Transformer XL.
These transformer blocks have a feed forward Layer and an additional Attention layer which
depicts how much attention should one word pay all other words when producing outputs.

A standard transformer used in BERT model has 12 or 24 transformer with 12 attention
heads each. Each head in a transformer layer is responsible for speci ¢ textual feature just
like each layer in a deep neural network learns a feature of the data. The role of each
head in transformer layer is unknown but collectively they aid the feed forward layer in
producing more accurate results. For the sentence 'The monkey ate that banana because it
was too hungry', what does the word 'it' refers to? For a human, it might be quite simple to
understand this but it is not easy for the model. As the model iterates through each word of
the sentence, the attention mechanism evaluate how much weight it should allocate to the
words before it. This attention weights are usually represented with a number but to a visual
representation of it can be seen in gure 5.2 which depicts how a transformer block deals
with long term dependencies in text. In the gure, the thickness of the connection between
the words shows how much attention should the word 'it' pay to all the words before it.
Intuitively, the attention values could be used to determine the topic words in the cluster.

2. TF-IDF: Term Frequency - Inverse Document Frequency (TF-IDF) as discussed in section
2.1.2 is a well-known approach used to nd important keywords in a text. It works by
assigning higher weight to words that have more frequency within it's own document and
lower frequency in other documents.

3. Frequency-based: This technique is based on the assumption that the words that appear
in a cluster more often have more importance. Hence, the words with higher frequency can
be used as the representatives of the cluster.

N-grams

It is possible to nd phrases that de ne the clusters rather than just single words. This
is a popular approach in NLP which is referred to as N-grams. 'N'is a con gurable
hyper parameter in this study. A 1-gram approach focuses on nding single words such
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Figure 5.2: An illustration of the self Attention mechanism of a Transformer block where the
thickness of line depicts the strength of attention the word 'it' should pay to all
the words before it.

as 'Development’, 'Leadership' and 'Strategy' as topic words. Whereas a 2-gram approach
focuses on nding phrases containing 2 words as topics such as 'meeting-expectation’, ‘action-
plan' and 'talent-development'. Similarly a 3-gram approach tries to nd phrases such as
‘application-approval-process', 'project-milestone-result’, and ‘'manage-project-activity'.

5.4 Post Processing

Given the nature of the dataset, It is expected for the cluster to have some common topic
words such as 'goals' and 'milestones'. These common topic words would result in less precise
theme for the cluster. To avoid these overlapping topics in the clusters, a post processing step
is used to make sure that the topics within each cluster are distinct and provide a unique
theme. Two schemes are introduced in this study for post processing the topic words which
are discussed below:

5.4.1 Hard Policy

This policy deletes the redundant topic words from all cluster. For example, if a topic words
exists in more than one cluster, then that would not be used as topic word for any cluster.
5.4.2 Soft Policy

This policy operates on a frequency of words and keeps words in cluster with maximum
frequency. If more than one cluster contained a topic word, it would keep the topic word in
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the cluster which had the highest frequency count for it and deleted from all other cluster.
This approach allows the topic words to belong to the clusters where they are most relevant
as depicted by the frequency count.
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6 Datasets

The Employee Objective dataset used in this study was provided by Merck Group. Since the
Employee objective dataset is noisy and smaller in size, an additional Job description dataset
is used to run experiments and to nd the best con gurations for model parameters. While
the rst dataset has privacy constrains, the second dataset is open source and is downloaded
from Kaggle. Both of these datasets are discussed in details below:

6.1 Employee Objective dataset

The employees at Merck Group are required to write their goals and plans for the coming
months in the form of objectives. Merck Group compiled and provided a dataset containing
the objectives of some employees. This columns and a sample value contained in this dataset
are shown in table 6.1. For privacy reasons, the text in objective is redacted from several
place as it is a private dataset.

6.1.1 Dataset Analysis

This dataset is however, very sparse and unstructured. For example the elds 'Objective
Comment' and 'Objective Description' are missing for most objectives. Secondly some of the
columns such as 'Global Key', 'Functional Area’, 'Form Template Name' and 'Location’ are
not relevant to topic modeling task in this study. For the above mentioned reason, a more
simpler version of the dataset with only three columns as shown in table 6.2 is used in this
study. The three columns 'User ID’, 'Objective Name' and 'Objective Metric' contains the
information which is relevant for clustering employee based on their objectives.
The dataset was analyzed using many features such as the redundancy, length and language

of the objectives. Some ndings from the analysis are discusses in the sub-sections below:

Redundancy in Objectives

One issue with this dataset is that it has a lot redundant entries. Objective texts were copy
pasted to create new entries which resulted in a dataset of approximately 33,000 objectives.
However, after removing all redundancies, the dataset had only approximately 4078 unique
objectives left.
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Table 6.1:A censored sample data point from the Employee Objective Dataset with all columns.
Some of the text is redacted to ensure the privacy of data as it is a private dataset.

Column Name Sample Data

User ID (anonymous) ***%0000

Global Key HR

Functional Area Human Resources

Location Temecula

Objective Name Operational Excellence

Objective Description None

Objective Comment | appreciate that Kathy has been continuing to work *

* k% %% * g g vital part of our support to our * * * * * *
* oKk ok ok okok ok ok x ok kX % gypports * information which is
very much appreciated. lalso * * * * * * * x x x "TQA to
Sick Time and recently * * * * project among *. Thank
You, Kathy! * * * * * November 2019.

Objective Metric Support * * * * * and other activities focused around
* and * for *. Support the * * *, includes * *, * * and
other * along the way. Also expected is a regular * * *
** accurate * is recorded in * * * * * * * gand is re ected
in * * or selected tool. * * * * * * jnjtiatives * * * *_ *
and * * * * the * of key insights for a further deep
dive utilizing *. Continue to * * knowledge of * * * *
* * cluster. * * * on a regular basis. Support efforts
* from the * * * * * * management and the * for * *
Acknowledgement of same.

Form Template Name 2019 Performance Management

Table 6.2: Merck employee objective dataset with selected columns to be used in study.

Column Name Column Description

User ID (anonymous) This column contains the anonymous employee ids
Objective_Name This column contains the name of the Objective
Objective_Metric This column contains the objective description
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Statistical Analysis on Objective length

A statistical analysis on the 4078 unique objectives is illustrated in gure 6.1 which shows
the summary of number of words in each objectives. The shortest length of an objective is 0,
which means there are some objective with no text at all and the longest length of an objective
is 492 words. Moreover, there are very few objectives that have length of greater than 200
words. Statistically speaking, 99% of the objectives have length equal to or less than 219
words. For this reason, all the objectives with length greater than the maximum size among
the 99% of the objectives were truncated to 219 words. The advantage of this truncation is
that language model require a xed length for all texts. Hence, the standard practice is to
pad all the sentences shorter than the maximum length with '0' or a xed id to ensure xed
size. If the maximum length is set to be 492 words then it increases the memory requirement
drastically while not not adding equivalent value to the feature space. Truncating the text
to the maximum length within 90% of the objective allows to still maximal features while
keeping the memory requirement reasonable.

Figure 6.1: Statistical Analysis on the length of the objectives.
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Analysis on language

Some of the language models used in this study are trained on English language. Hence, the
dataset was Itered to keep only those objectives that were written in English language. Out
of the 4078 objectives, there were 797 entries founds that were written in a foreign language.
These objectives were dropped during the pre-processing steps and were not used in the
Topic Modeling study.

Statistical analysis on humber of objectives per employee

The dataset provided by the Merck Group contained multiple objectives for majority of the
employees. A statistical analysis can be seen in gure 6.2 which shows that only 9 employees
had 1 objective in the data While all the other employees had 2 or more objectives.

Figure 6.2: Statistical Analysis on number of objectives per employee.

Since the main focus on this study is to perform Topic Modeling on employee centric
features, all the objectives belonging to an employee were concatenated to create a single
entry.
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6.1.2 Dataset Conclusion/Summary

The in-depth analysis of the dataset provided a lot of important information regarding it.
Bases on that information, only the relevant columns were extract from the orignal dataset.
Next, all repetitive objectives were removed and the remaining dataset was lter to remove
the objectives with non-english text. The remaining objectives were truncated at length 219.
As a nal step, all objectives belonging to the same employee were merged into one. After
performing all the above mentioned steps, the dataset had 511 entries. This dataset is very
small to get an estimate over model parameters. Hence a secondary Job description dataset
was used to ne-tune the model parameters. This dataset is discussed in more details in the
next section.

6.2 Job Description dataset

Kaggle is a Data Science platform which contains many open source dataset for various
application. It contains a benchmark Job description dataset with more than 200,000 entries.
A sample data point from this dataset can be seen in table 6.3 . Since it a public dataset,
no text has been redacted. However, the columns relevant to this study are mentioned in
table 6.4. The main advantage of using dataset over the Employee Objective dataset is the
number of samples as it allows to better generalize and draw conclusions regarding model
parameters.

Table 6.3: A sample data point from the Job Description Dataset.

Column Name Sample Data

Id 12612628

Title Engineering Systems Analyst

Full Description Engineering Systems Analyst Dorking Surrey Salary ****K

Our client is located in Dorking, Surrey and are looking for
Engineering Systems Analyst our client provides specialist
software development Keywords Mathematical Modelling,
Risk Analysis, System Modelling, Optimisation, MISER,
PIONEEER Engineering Systems Analyst Dorking Surrey
Salary ****K

Location Dorking

Contract Time permanent

Contract Type full_time

Company Gregory Matrtin International
Category Engineering Jobs

Salary 20000 - 30000/annum 20-30K
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Table 6.4: Job Description dataset with selected features.

Column Name  Column Description

Id This column contains the anonymous job id
Title This column contains the Job Title
Full Description This column contains the Job description

6.2.1 Dataset Analysis

This Job description dataset is a benchmark dataset from Kaggle and is hence easier to use as
it requires minimal pre-processing. The quality of text in this dataset is comparatively better
as can be seen in analysis below:

Redundancy in Objectives

The dataset contains 244,769 job description with no redundancies at all.

Statistical Analysis on Job description length

A statistical analysis on the job description dataset is illustrated in gure 6.3 which shows the
summary of number of words in each job description. The shortest length of a a description
is 20 words. This means there is some description available for each job which is not the case
for Employee Objective dataset. The longest job description contains 2118 words. Moreover,
there are very few objectives that have length of greater than 700 words. Statistically speaking,
99% of the objectives have length equal to or less than 800 words. Similar to the Employee
Objective dataset, all job descriptions with length greater than the maximum among the 99%
of the job descriptions were truncated to 709 words.

Analysis on language

All the job descriptions are in English Language so no entries were dropped.

6.2.2 Dataset Conclusion/Summary

An analysis on the Job description dataset has proven it to be of good quality. It requires
almost no iterations except truncating the description at maximum length of 99% of the
descriptions which is only done for faster computation as language models require all text
to be padded to match the maximum length. Since there is only one job description per id,
there is no need to merge job descriptions.
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Figure 6.3: Statistical Analysis on the length of job descriptions.
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7 EXxperiments

This study focuses on a Topic Modeling task on the Employee Objective dataset whose
methodology is already discussed in chapter 5 in an abstract form. This chapter discusses
the con gurations and technical of the model parameters de ned in the methodology. The
general idea is to try out many different combinations and compare the results using human
evaluation of word clouds and statistical measures. While this chapter focuses on the technical
details of the experiments, the results are discussed in next chapter.

7.1 Pre-processing

Pre-processing is a very essential part of any text modeling tasks as it prepares the data in a
form that is understood by the models. This section explains the con gurations of the text
Pre-processing pipeline de ned in section 5.1.

7.1.1 Text Cleaning

Text cleaning is a noise removal process used to enhance the feature space. Following steps
were used in this study to clean the texts:

1. Includes missing delimiters in the text (.. good.This is okay' ->'.. good. This is okay").
2. Converts the text to lower case (AMaziNg -> amazing).
3. Remove letter repetition is it repeats more than two times (goood -> good).

4. Remove all special characters (‘#hello’ -> 'hello’).

ol

. Eliminate phrase repetition ('This is very very good' -> 'This is very good').

6. Remove all numeric characters ('l want to eat 2 pizzas' -> | want to eat pizzas)

7.1.2 Tokenization

Natural Language Toolkit (NLTK) [63] is a text pre-processing library which provides a
function to perform Tokenization. In this study, NLTK's tokenize function was used to convert
sentences into list of words. This standard tokenization process works well for an LDA model
however as already discussed in section 5.1.2, a model speci c tokenizer should be used
for Word Embedding Models from huggingface [55] library. For example, for a BERT [3]
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model, huggingface provides a BertTokenizer to be used for pre-processing the text. Sentence
Transformers such as Sentence Bert [4] do not require this tokenization step as they accept
text as an input.

7.1.3 Encoding

For an LDA Model, the standard practice is to remove all stopwords from the tokenized
words. In addition to that, all the non-noun words were also removed in this study. As an
additional step, all the words were lemmatized using the NLTK library. The general idea
is to remove the morphological af xes from words which is known as stemming. This can
often times lead to incorrect words. In contrast to the stemming, lemmatization is better
approach as it converts the word to its meaningful base form. Since an LDA model is not
capable of processing the grammatical context of the words, it might treat 'run’ and ‘running’
as two different words. To avoid this, words are lemmatized to avoid redundancies. After
lemmatization, gensim [57] library is used to create a dictionary and encode the word lists.
For the Word Embedding model, the same tokenizer from tokenziation step can be used to
encode the text. The encoding step is not required for Sentence Transformers.

7.2 Feature Selection

There are three main source for feature extraction from text; LDA model, Word Embedding
models and an Autoencoder [29]. As already depicted in gure 5.1 in the Methodology Chap-
ter, ve types of features can be constructed using different combinations of the main sources.
A summary of these combination is presented in table Table 7.1. The rst feature is the latent
representation of a Word Embedding model features obtained using an Autoencoder. The
second type uses the raw features from Embedding model. Third feature is the concatenation
of the Word Embedding model features with LDA [1] model features. The fourth type learns
the latent representation of the third features with using an Autoencoder. The last and fth
type is the document-probability vector which is used as the baseline.

Table 7.1:Possible combination amongst features to create a new feature space to be used for

clustering.
Featureid LDA Word Embedding Auto Encoder
1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
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7.2.1 Latent Dirichlet Allocation Features

An implementation of LDA [1] model is provided by gensim [57] library which is used in
this study. The results from this model is used as a baseline to compare results from all other
techniques.

7.2.2 Word Embedding Features

Word Embedding features are extracted from three types for models as discussed below:

1. A general word embedding model returns an embedding of size [I x m] where 'I' refers
to the number of tokens in the sentence and 'm' is the embedding size. A standard
practice to obtain a sentence level representation by average over the features of all
tokens. This approach is also used in this study for the transformer models from
huggingface [55] such as XLNET [5] and XLM [59].

2. Some of the hugging face models such as BERT [3], and ELECTRA [60] were trained
for classi cation tasks. Because of this, they have a special ['CLS'] token that provides a
sentences level representation. This ['CLS'] token is appended at the beginning of the
sentence by the tokenizer during the pre-processing stage.

3. Sentence Transformers models which take the original text as input and outputs the
sentence level embedding of size 'm' where 'm' is the model speci c embedding
dimension. A Sentence Bert [4] base model and RoBERTa [61] model have embedding
dimensions of 1024 while DistiiBERT [62] has an output of dimension 768.

7.2.3 LDA Features + Word Embedding Features

The output from an LDA Model is a [N x k] matrix where 'N' is the number of documents
and 'k' is a hyperparameter which refers to the number of clusters. Each row of this matrix
gives the probability distribution of each document over the clusters. The output from
the Embedding model is a [N x m] matrix where 'N' is again the number of documents
and 'm' is the size of embedding features. In this techniques the features the both sources
are concatenated to create a matrix of size [N x k+m] which includes the global and local
information of the documents.

7.2.4 Auto Encoder

Since the feature space from the embedding vectors is very high dimensional, it is possible
that it contains many unnecessary features. An Autoencoder [29] is used to learn a latent
representation of the high dimensional features spaces such as the one obtained from Word
Embedding models. Essentially in addition to Embedding features, and LDA features in
tandem Embedding features, two new features spaces are created by passing both of them
through an Autoencoder. The speci cation of the Autoencoder are discussed in section 5.2.4.
Additionally the weights of the autoencoder were initialized using xavier [64] initialization
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and trained using a SmoothL1 loss function which was introduced in RetinaMask [65]. The
purpose of this experimentation is to evaluate if using a latent representation of the original
feature vector could lead to better results.

7.3 Topic Modeling

For Topic Modeling to work, it is important to nd the correct value of 'k’ for clustering

as well as the most effective technique for topic word retrieval. However, these two go
hand-in-hand because the most reliable way of evaluating the results is through human
evaluation of the topic words in the form of word clouds. This is because the word cloud
provides a way to visualize the clustering and topic words at the same time. To ne-tune
these model parameters, a series of experiment were conducted whose details are discussed
in the sub-sections below:

7.3.1 K-means Clustering

K-means clustering is used to cluster the feature vectors into similar groups. For K-means
clustering to work properly, it is essential that the value of 'k’ is correct. Since this value is
not known in advance, the experiments were conducted on values of k = 2, 3, 4, 5, 6, 7, and
8. The values of k are capped at 8 because on values larger than 8, the some clusters didn't
contain any unique topic words. In addition to the ve types of feature spaces, experiments
were also conducted for various values of k. It is very essential to experiment with values of
k and nd the correct one. This is because of the dependency of Topic words techniques on
the clustering algorithm. If the objectives are not clustered properly, then the topic words
belonging to a cluster would never be coherent as they would belong to objectives that are
very different from each other. For a speci ¢ value of 'k, If distinct themes are visible in the
word clouds then it is an indicator that the value of 'k’ is good. However, it is also important

to increase the values of 'k’ to evaluate if new themes appear in the new clusters.

7.3.2 Topic Words

It is important that Topic word retrieval is done correctly because it helps in evaluating the
whole Topic Modeling pipeline. Topic words retrieval involves two parts; rst is the technique
using which topic words are found and second is the N-gram which de nes the number of
words in each topic.

Techniques
There are three types of techniques that are used to get topic words for the clusters. The
con gurations for each of them are discussed below:

1. Transformer Attention:  As discussed in section 5.3.2, self Attention mechanism of a
Transformer model provides a matrix that depicts how much attention the model should pay
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to the all the previous words when processing a given word. The general idea is to iterate
through all the transformer layers and sum up the attention value assigned to each unique
token and use the tokens with highest aggregated attention value as the topic words. This
approach is discussed in more details in the steps below:

1. Initialize a dictionary to save tokens and their respective attention value.

2. For each text in cluster, use the same tokenized representation as the one used to obtain
Embedding features in section 7.1.2.

3. Filter out the tokens for stopwords and words containing '###'.

4. For each remaining token, sum up all the attention paid to that token by all the other
tokens in the sentence.

5. If the word doesn't already exist in the dictionary then include this token and it's
collective attention value in the dictionary. Otherwise, update the attention value of the
existing entry for this token by adding this new attention value to the existing one.

2. TF-IDF TF-IDF is a keyword ranking algorithm that can be used to nd topic words
within clusters. In this study, the TF-IDF implementation by gensim [57] library is used as
follows:

1. Using the cleaned texts from section 7.1.1, for each cluster, concatenate all the texts
belonging to it into one document. This would give k documents.

2. The k documents are passed through a gensim [57] implementation of TF-IDF model
which assigns a weight to each word in the cluster depicting it's importance.

3. For each document, Top N words with highest weights are picked as the topics for that
cluster.

3. Frequency-based A frequency-based approach is the simplest approach for nding Topic

Words and it is used as a baseline for comparing the results from TF-IDF and Transformer
Attention [15] approach. It operates on the assumption that words with more frequency are

important and can be used as topic words. Following steps are used to nd the topic words

using the frequency approach:

1. For each cluster, group all the tokens from the texts belonging to it. For consistency, use
the tokens from the tokenization step discussed in section 7.1.2.

2. All the stop words and non-noun words are ltered.

3. A dictionary is created which has the 'words' as keys and their occurrence frequency as
the value.

4. Top N words with maximum frequency are selected as the topic words for that cluster.
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N-grams

Instead of using only single words known as 1-grams to de ne the topic, it is also possible to

use phrase of two or three words known as 2-gram and 3-gram respectively. Experiments
were conducted with con gurations such as various values of N-grams. Given a token list

that maintains the order of words from the original sentence, topic words or phrases for any

N-gram can be obtained using the following steps:

1. initialize a dictionary to save tokens and their counts.

2. For each cluster, iterate over the ordered list of tokens while ltering out stopwords and
non-noun words depending on the con gurations.

3. Create a phrase by concatenating N consecutive words in the forward order. For
example, for a 2-gram approach, the sentence 'Everyone should eat one apple a day to
stay healthy' would have features ['Everyone should', 'should eat', 'eat one', 'one apple’,
‘apple a', ‘a day', 'day to', 'to stay', 'stay healthy']. Whereas if the tokens are lItered
for stopwords, the features would be ['Everyone eat', 'eat one’, 'one apple’, ‘apple day’,
'day stay', 'stay healthy']

4. For each phrase, if the create phrases already exist in the token dictionary, then update
the count by one. Otherwise creating a new entry with count one.

7.4 Post Processing

The clusters formed by Topic Modeling techniques often time contains some common words.
This creates overlaps of topic words within clusters which doesn't align well with the goal of
this study. The idea is to get more coherent clusters where each word or phrase could belong
to only one cluster. Two policies were introduced in the section 5.4 those results are then
compared with the results before Post-Processing. For the evaluation of the topic words two
approaches are used; First is the human evaluation of the word clouds and second is the
coherence score calculated before and after the post processing step on topic words belonging
to each clusters.

7.4.1 Hard Policy

The Hard Policy deletes the overlapping topic words from all clusters using the following
steps:

1. For all clusters, get a unigue list of all overlapping topic words or phrases.

2. Delete those words for the topic words list of all clusters.
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7.4.2 Soft Policy

The hard policy has a downside as it deletes topic words entirely. This causes loss of
meaningful information. The Soft Policy on the other hand keeps the redundant words in the
cluster that has the maximum frequency of the topic word using the following steps:

1. For each cluster, initialize a list of topic words to be delete

2. For each token in a cluster, iterate through the topic words of all other cluster to see if a
redundancy exists.

3. If aredundancy is found, then compare the frequency of the token in both clusters. If
the frequency in current cluster is lower than the topic word , it is added to the to delete

list.

4. Once step 1 has occurred for all clusters, the words in their respective to delete lists are
deleted from the topic words of all clusters.
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The previous chapters have discussed the Methodology followed in this study, details of
the dataset as well the technical details of the experiments. This cshapter builds up on the
information from previous chapters and discusses results from experiments mentioned in
chapter 7. However, before comparing results from various experiments, it is important to
have an appropriate measure along which the model performance is analyzed. Theoretically,
Topic Modeling has two parts, Clustering and Topic Words retrieval for which one analytical
measure each is used. Furthermore, one human evaluation metric is used in this study to
record the performance for both tasks. First analytical measure is Coherence score [66] which
is used to analyze how similar the topics are within a cluster. This is used to evaluate the
consistency of topics selected for all clusters. Second analytical measure is a Silhouette score
which is a measure to evaluate the performance of K-means algorithm. Since the dataset used
in this study is an unsupervised one, the analytical measures are not reliable as there is a
lot of room for error. For this reason, a third evaluation measure called Word Cloud is used.
A word cloud is discussed in the details in section 4.1.2 but essentially it displays the topic
words for each cluster in an image which allows to evaluate the results of both clustering
and topic words. The drawback of this measure is that it requires human input which is
time-consuming. Details of these measures are discussed below:

Coherence Score: A Coherence score [66] is used to measure the degree of similarity
between topics in a cluster. The general idea is that if the topics or phrase support each
other, it results in a higher coherence score for that cluster. Topic Coherence calculates this
by evaluation the semantic similarity between top words in the cluster. This study used
implementation of Coherence Model from gensim [57] library to calculate Coherence Score.
The measure used in this study for calculating coherence is 'C_v' which works with a sliding
window, one-set segmentation of the top words and uses Cosine Similarity and point-wise
mutual information (NPMI) as an indirect con rmation measure. This outputs a value
between 0 and 1. A value closer to 1 means that the model is doing well and topics within the
cluster are well coherent. Getting a value between 0.8 and 1 is unrealistic. A value between
0.5to 0.7 is a good indicator where values around 0.4 and lower is considered a bad score.

Silhouette Score: K-means clustering works with unlabeled data which entails that no
ground truth is available to assert the correctness of the method. There are however some
intrinsic methods which can be used to evaluate the clustering quality. Silhouette Score being
one of them examines the compactness of the data point features within a cluster and how
well the clusters are separated from each other. This study uses the implementation provided
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by scikit-learn [67] library which calculates Silhouette Coef cient for each sample. It outputs

a value between +1 and -1. A score closer to +1 indicates that the sample is far away from the
points in the neighboring clusters while a value closer to -1 indicates that the sample might
have been assigned to the wrong cluster. A value closed to 0 however means that the sample
is either very close to or on the decision boundary between other clusters. The nal score is
the mean Silhouette Coef cient of all samples.

Word Cloud: Word Cloud is a visualization which shows the results of clustering and
topic words combined. It generates 'k' images where k is the number clusters and each
images contains topic words belonging to one cluster. A python word cloud library is used to
generate these images which requires the topic words along with their frequencies as input. It
allocates the font size to each word depending on it's importance. In this study, the minimum
font size allowed is 7 and all words that are allocated this size are not include in the word
clouds.

8.1 Overview

The main contribution of this study is experimentation with various types of feature spaces
for a Topic Modeling task. As a rst step, results were analyzed for various Embedding
models. To that that experiments were conducted with seven different Embedding models
whose word clouds are discussed in details in the later section of this chapter. Coherence
Scores [66] and Silhouette Scores for all the embedding models are shown in the table 8.1.
According to these statistical measures, XLM [59] model has the best Coherence Score and
XLNET [5] has the best Silhouette Score. Both of these are contradictory to the Human
evaluation of word clouds according to which the Sentence BERT [4] provides the best results.

Table 8.1:Coherence scores and Silhouette Scores when using feature space from Embedding
Models for clustering before post-processing step with 10 clusters, frequency-based
topic word retrieval approach on Job Description dataset

Model Coherence Score Silhouette Score

Sentence BERT 0.5333 0.0638
BERT 0.5857 0.1321
XLNET 0.4938 0.1324

Sentence RoBERTa 0.5499 0.0427
ELECTRA 0.5743 0.1169
Sentence DistiBERT 0.6040 0.0435
XLM 0.6118 0.0744

Next, experiments were conducted for ve feature spaces with Sentence BERT [4] as the
default Embedding mode. First is the probability vectors from the LDA [1] model which is
used as the baseline approach. The second and third include feature vectors from Sentence
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Bert Embedding model, LDA + Sentence Bert embedding model, While the fourth and fth
include latent spaces of features from second and third respectively. All of these results are
also discussed in the later section of this chapter while the Coherence Scores and Silhouette
Scores are mentioned in table 8.2.

Table 8.2:Coherence scores and Silhouette Scores when each feature space is used for clus-
tering. Score are captured before post-processing step with 10 clusters, frequency-
based topic word retrieval approach on Job Description dataset.

Model Coherence Score Silhouette Score
LDA 0.4629 N/A
Embedding Model 0.5333 0.0638
Embedding Model+ LDA 0.6001 0.0745
Embedding Model+ Autoencoder 0.6280 0.1392
Embedding Model+ LDA + Autoencoder 0.6083 0.2456

Using the Sentence BERT model as the default feature space along with best model
parameters as de ned in table 8.3, a Topic Modelling framework was designed for to Merck
Group. A target group from Merck evaluated the framework and provided a survey. The
summary of results with respect to each evaluation aspect is shown in gure 8.1.

Table 8.3:Summary of best con gurations for model obtained for Topic Modelling on Job
Description Dataset.

Experiments best con guration
Embedding Model Sentence BERT Model
Feature Space Embedding Model
Topic Word Technique Frequency based, TF-IDF
Post Processing policy Soft Policy
Number of clusters (k) 12
N-gram 1-gram

8.1.1 Research Questions

Could using embedding vectors lead to better results than Latent Dirichlet Allocation
model?.

Yes, using a Word Embedding model for Topic Model can lead to better results.
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Figure 8.1: A summary of feedback from Merck Group on the Topic Modeling Framework. On
the x-axis, each histogram represents an evaluation aspects which is demonstrated
by their labels. The participant expressed their agreement/disagreement for each
aspect on a 1-5 scale: [Strongly Disagree, Disagree, Neutral, Agree, Strongly
Agree] which is depicted on the y-axis.

If the word embedding models are able to provide better results, then which type of
embedding model is better suited?.

More speci cally, Sentence Transformers Models such as Sentence BERT [4], Sentence
RoBERTa [61] and Sentence DistilBERT [62] provide the best results.
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Could using a traditional algorithm such as LDA in tandem with the Embedding models
provide better results?.

No, using Word Embedding in tandem with an LDA model provide almost the same result
as using a Word Embedding model alone.

8.2 Results on Job Description Dataset

As discussed in chapter 6, Employee Objective dataset only has 511 entries left after remov-
ing duplicates and foreign language text. Furthermore, this dataset contains objectives of
employee mostly from the HR department at Merck Group. Because of this, the data does
not contain that many clusters and is hence not suitable enough to draw general conclusion
about model's behaviour. A second Job Description dataset is used to conduct the initial
experiments to nd best con gurations for model parameters. The results experiments are
broken down into ve groups. First section discusses the results from the ve types of features
spaces and nding the one with best performance. Next is using the selected feature space to
discuss the performance of three types of Topic Word retrieval techniques. The third section
shows results before after the Post Processing step and discusses the results from hard policy
and the soft policy. Fourth section performs Topic Modeling tasks by clustering using various
values of 'k' and The goal is nd the value of k that works best. The last section shows
results for 1-gram, 2-gram and 3-gram. The results shown in this section were generated
using randomly selected 50,000 samples from the Job Description dataset. Once all of the
con gurations have been selected, they are used in next section which discusses the results
on Employee Objective Dataset.

8.2.1 Experiments with Feature Spaces

This sub-section discusses the results generated by the ve types of features depicted in gure
5.1. Since the best con gurations for other parameters in the model are not known yet, the
most basic con gurations such as the n-gram = 1 and frequency-based techniques for topic
words is used. However, before moving forward with the evaluation of feature space, it is
essential to nd out which type of embedding model works best. The reason for doing this it
keep the experiments easier to follow and discuss.

Topic Modeling using embedding model features

Word Embedding models provided multi-dimensional context driven representation for
texts. There are many state-of-the-art Word Embedding models available. Therefore, before
experimenting with various type of feature spaces, it is essential to nd an Embedding model
that works best for the Topic Modeling task. Results for various types of Embedding models
are discussed below.
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1. Sentence BERT The word cloud generated using Sentence Bert [4] embedding model is
shown in gure 8.2. Even though there are some redundant topic words between clusters
such as 'experience' in clusters [1, 2, 4, 5, 6, 9] and 'sale' in clusters [4, 5], it is still possible
to recognize the theme of the jobs grouped together. The reason for some redundant topics
in clusters is that the words such 'experience’, 'sale' and 'team' are common in all job
descriptions and hence it makes sense why they would have high frequencies. The coherence
score for these topic words is 0.533 which is good enough. The Silhouette Score however is
0.0638 which close to 0. It is an indicator that samples in all clusters are close to each other
within their feature spaces. This could be because there many common words and stop words
in all job descriptions.

2. BERT The results from Bert [3] (base) model are shown in gure 8.3. Even when
neglecting the common topic words, it is clearly seen that themes formed by clusters do not
make any sense. The topics words picked by all clusters are almost same for example the
words 'experience’, 'sales’, ‘work' 'business’, 'team'. One possible reason for this could be that
the clustering is not done accurately which is leading to these ambiguous clusters. Coherence
score of 0.5857 and Silhouette Score of 0.1312 is higher than Sentence Bert model which is
unusual because the topic modeling results according to human evaluation of word cloud are
worse than Sentence Bert.

3. XLNET Word clouds obtained using the feature space from Xlnet [5] model are displayed

in gure 8.4. Similar to Bert model, the clusters obtained using Xlnet features are very
ambiguous and do not contain any theme. Most clusters contain same words such as
'manager’, 'skills', ‘'work’, 'job’, 'business' which are main key words for any job description.
Similar the Bert [3] model, the Coherence score of 0.4938 and Silhouette score of 0.1324
contradict the human evaluation of Word Clouds. These scores indicate that the model is
doing better than others but this is not the case.

4. Sentence RoBERTa The results for Sentence Roberta [61] can be seen in gure 8.5.
Similar to Sentence Bert, the clusters show coherent topics which are suppressed by the noise
in terms of common topic words. Coherence score of 0.5499 is in the acceptable range however
the Silhouette Score of 0.0427 contradicts human evaluation. Such low value of Silhouette
score could be because of the common topic words in clusters as embedding features would
be close to each other in many dimensions.

5. ELECTRA Word clouds obtained using the feature space from Electra [60] model are
displayed in gure 8.6. Similar to Bert model and Xlnet model, the clusters obtained using
Electra features are very noise and do not depict any coherent theme. Both the Coherence
score (0.5743) and Silhouette score (0.1169) contradict human evaluation.

6. Sentence DistiiIBERT Distilbert is a light-weight version of BERT [3] Embedding model.
The results for Sentence Distilbert [62] can be seen in gure 8.7. The word clouds generated
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Figure 8.2: Word Clouds when Sentence BERT Embedding model is used as feature space
for clustering before post-processing step with 10 clusters, frequency-based topic
word retrieval approach on Job Description dataset.

(a) Cluster 1. (b) Cluster 2. (c) Cluster 3.
(d) Cluster 4. (e) Cluster 5. (f) Cluster 6.
(g9) Cluster 7. (h) Cluster 8. (i) Cluster 9.

(j) Cluster 10.
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