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Abstract

Werner, Matheus Telles; Laber, Eduardo Sany (Advisor). Extrac-
ting Section Structure from Resumes in Brazilian Portu-
guese . Rio de Janeiro, 2023. 85p. Tese de Doutorado — Departa-
mento de Informatica, Pontificia Universidade Catélica do Rio de
Janeiro.

This thesis presents a novel resume parser designed to effectively reor-
ganize the textual content of any resume into its original section structure.
Our work addresses two practical challenges overlooked by the existing lite-
rature: (i) ensuring the correct reading order of text retrieved from resume
files and (ii) extracting individually all sections, as well as work experience
and education subsections. By taking into account the observation that most
resumes adhere to basic document templates, we reframe the reading order
problem as a template identification task. Our experiments suggest that even
a widely-used small model like EfficientNet-BO can accurately identify com-
mon templates. Additionally, we propose a sequence tagging approach that
simultaneously identifies all resume sections and some subsections. We imple-
ment and compare two solutions based on the well-known CRF and BERT
models. Our evaluation provides strong evidence that the CRF can serve as a
practical alternative to BERT, depending on hardware and budget constraints.
They yield comparable results in terms of identifying resume sections, while
BERT displays a substantial advantage when identifying education and work

experience subsections.

Keywords
Resume Parser; Natural Language Processing; Information Extraction;

Image Classification; Text Segmentation; Human Resources.



Resumo

Werner, Matheus Telles; Laber, Eduardo Sany. Extraindo a
Estrutura de Secao de Curriculos em Portugués . Rio
de Janeiro, 2023. 85p. Tese de Doutorado — Departamento de
Informatica, Pontificia Universidade Catoélica do Rio de Janeiro.

Esta tese apresenta um novo analisador de curriculos projetado para
reorganizar o conteudo textual de qualquer curriculo em sua estrutura de
secao original. Nosso trabalho aborda dois desafios praticos negligenciados
pela literatura existente: (i) garantir a ordem de leitura correta do texto
recuperado do arquivo de curriculo e (ii) extrair individualmente todas as
secoes, bem como as subsecoes de experiéncias de trabalho e educacao.
Levando em consideragao a observacao de que a maioria dos curriculos adere
a modelos basicos de documentos, reformulamos o problema da ordem de
leitura como uma tarefa de identificacdo de modelos de documento. Nossos
experimentos sugerem que mesmo um pequeno modelo amplamente utilizado
como o EfficientNet-BO pode identificar com precisao modelos de documento
comuns. Além disso, propomos uma abordagem de rotulacao de sequéncias que
identifica simultaneamente todas as se¢oes do curriculo e algumas subsecoes.
Implementamos e comparamos duas solugoes baseados nos conhecidos modelos
CRF e BERT. Nossa avaliacao fornece fortes evidéncias de que o CRF pode
servir como uma alternativa pratica ao BERT, dependendo do hardware e das
restrigoes orcamentarias. Eles produzem resultados comparaveis em termos
de identificagdo de se¢oes de curriculo, enquanto o BERT demonstra uma

vantagem substancial ao identificar as subse¢bes de educacao e experiéncias
de trabalho.

Palavras-chave
Analisador de Curriculo; Processamento de Linguagem Natural; Extra-
¢ao de Informagao; Classificagao de Imagem; Segmentacgao de Texto; Recursos

Humanos.
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the resume parsers described in the literature. In contrast,
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Figure 1.2 Figure 1.2a provides a visual representation of the read-
ing order derived from text extracted by a PDF parser, with
text boxes in the figure displaying numbers in its top left corner
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erate a reading order similar to that illustrated in Figure 1.2b.

Figure 2.1 Toy example of the same PDF file represented from
different perspectives. Figure 2.1a illustrates a segment of the
PDEF’s internal structure, delineating the instructions for ren-
dering textual objects on the screen. Figure 2.1b showcases how
these identical objects appear when rendered by PDF reader
software. Notably, these objects’ internal storage sequence does
not necessarily mirror the sequential manner in which a human
would read the displayed content.
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head attention employs several distinct attention mechanisms
to simultaneously address diverse aspects of input text. The
BERT architecture iteratively refines input embeddings through
twelve layers before transmitting them to the classification layer.
Empty entries in the output layer indicate that we ignored the
predicted tag.

Figure 3.1 Example of a basic pipeline for parsing resumes. The
primary objective of most of the proposed approaches is to
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Figure 4.1 Our resume parser pipeline. The idea is to organize the
unstructured text extracted from a resume file into a semi-
structured object that reflects its original section structure. Our
parser does not identify entity-level information, such as degrees
and job titles. That said, we understand that our components
can be easily coupled with other well-established approaches,
given the modular design commonly adopted by most resume
parsers.

Figure 4.2 Examples of text elements organized in a L-shape format
[3].
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order complexity of a page can be associated with the minimum
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complexity level of the layout is equivalent to number of cuts+1.
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single text block.
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1
Introduction

A resume, or curriculum vitae (CV), accounts for an individual’s profes-
sional qualifications and educational background. It systematically organizes
this information into distinct sections and presents it through various formats,
including plain text, itemized lists, or further subdivisions. As an example,
the Summary section provides an overview of an individual’s noteworthy pro-
fessional accomplishments in a narrative format while the Work Experiences
section presents a compilation of previous positions held by the individual,
typically accompanied by details such as the company name, employment du-
ration, and a concise description of job responsibilities. Despite these well-
defined structural elements, the content and presentation of information within
a resume can exhibit significant variations influenced by personal preferences,
industry conventions, and the job role being pursued.

For Recruitment and Selection processes, developing a resume parser ca-
pable of accurately identifying all sections within any resume and extracting
the pertinent information holds tremendous value for recruiters and companies.
Such a tool would streamline various processes, including candidate selection
during recruitment and user registration on job portals through resume up-
loads. Additionally, it can potentially support related NLP tasks, such as Job
Matching [4, 5] and Skill Recommendation [6].

However, existing literature primarily focuses on entity extraction from
the main resume sections [7, 8, 9, 10]. This involves identifying text segments
corresponding to Personal Info, Work FExperiences, and FEducation and, then,
extracting entities from them such as Contact Information, Job Titles, Com-
pany names, and Educational Institutions. While obtaining these entities is a
crucial aspect of resume parsing, it represents only part of the functionality
required in practical scenarios. Equally important is extracting the remain-
ing sections and establishing relationships between extracted entities, aspects
covered only by commercial resume parsers such as Affinda! and Nanotecs?.

Obtaining the complete section structure could help to effectively accom-

plish this objective, as it would enable more coherent and meaningful associ-

Thttps://affinda.com/
2https://nanonets.com/
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ations between the information contained within the resumes. For instance,
as demonstrated in Figure 1.1, extracting all resume sections and subsections
is essential to attain a more comprehensive and precise representation of the
resume’s content. This enhanced representation could simplify processes such
as grouping extracted entities related to the same work experiences, given that

they would already be inside the same subsections.

Personal Info Personal Info

Work Experience Objective Work Experience
OBJETIVO EXPERIENCIA OBJETIVO EXPERIENCIA
Construir produtos que PPRODUCT OWNER + UFRJ + 2010 ATE 2018 Construir produtos que PPRODUCT OWNER - UFR) + 2010 ATE 2018
& que oferega valor para os. o paracs e
asuirios. ROl om 651 usuirios ROLem 65%.
PPRODUCT MANAGER + ESTACIO/YDUQS + 2019 ATE 2020 Other PPRODUCT MANAGER + ESTACIO/YDUQS + 2019 ATE 2020
‘Consiui produto digiais com fns ecucacionais, além e ter i o
HABILIDADES Minha visto HABILIDADES Minka visio
‘causou grande impacto positivo. Job-to-be-Done, causou grande impacto positivo.
Discovery e Delivery
PRODUCT MANAGER + TEMA SISTEMAS - 2021 ATE 05 DIAS ATUAIS ssombiotened PRODUCT MANAGER + TEMA SISTEMAS + 2021 ATE 05 DIAS ATUAIS
Agie 3 ate . ssabilidade o
UX Writing lculos d UX Writing i
Dovelopment Uiizei Utlizei o
Discovery e Delivery,fazendo com que a2 duas etapas so Other Discovery o Dlivery, fasondo com que asduas otapas so
CURSOS itara de prod CURSOS
Education Agie Expert Education
Gastio do Produtos
EDUCACAO Dt ttacagh EDUCACAO

CURSO SUPERIOR - 2020 - EsTACIO Design prints CURSO SUPERIOR - 2020 - ESTACID
Gestho d Tocnalogia da normagio Gestioda

Métricas em prodios digitais

CERTIFICAGOES CERTIFICAGO!
luct Owner (CSPO) - Agile Expert Kanban Certfied Scrum Product Owner (CSPO) - Agile Expert Kanban
Remote Work and Virtual Collaboration Professional Certificate Remote Work and Virtual Collaboration Professional Certificate
(RWVCPC) - White Belt Six Sigma (RWVCPC) - White Bt Six Sigma
Personal Info Personal Info
] [ ] [

Figure 1.1: Figure 1.1a displays the sections typically identified by the re-
sume parsers described in the literature. In contrast, Figure 1.1b presents an
enhanced identification that includes additional sections and introduces sub-
sections (dashed lines) for Work Ezperiences and Education.

Another often overlooked aspect in the literature is the significant in-
fluence of the chosen file format to store resume information on the process
of information extraction. Arguably, PDF [11] stands out as the predominant
document format for resumes, necessitating the initial step of text extraction
through tools like PDFBox [12] to identify pertinent entities within the doc-
ument. However, a significant challenge arises due to the inherent design of
PDFs, which do not prioritize storing text in an order that is reasonable for
human readers. This lack of adherence to a coherent reading order can result
in extracted text being arranged in an unconventional manner, and this, in
turn, has a direct influence on the effectiveness of resume parsers.

Figure 1.2 provides a visual representation of this issue. As we can
observe, the resume text extracted by a PDF parser fragmented the sections
Objective and Work FExperiences, scattering their content across different

portions of the text. It is worth emphasizing that the optimal reading order is
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subjective and may vary among different readers. Nonetheless, in the context

of resume parsing, it is fundamental to ensure the cohesion of each section.

oOBJETIVO QXPERIENCIA o()B».lETIVO EXPERIENCIA

FConsiruisprodutos que JDUCT OWNER + UFR) - 2010 ATE 2018 ‘Constuie produtos que PRODUCT OWNER - UFR) » 2010 ATE 2018

paracs
RO! e 65°%. usurios. ROlem 65%.

DUCT MANAGER - ESTACIO/YDUGS - 2019 ATE 2020 PRODUCT MANAGER - ESTACIO/YDUQS + 2019 ATE 2020
Minha visio HABILIDADES Minha visio

causou grande impacto positivo. Job-to-be-Done, causou grande impacto positivo.

PRODUCT MANAGER  TEMA SISTEMAS + 2021 ATE 05 DIAS ATUAIS Sestio gepackiog PRODUCT MANAGER - TEMA SISTEMAS « 2021 ATE 0S DIAS ATUAIS

‘tapas do Product Development. Utlizei o Dual Track nas etapas de Utlized o Dual
Discvery e Delivery, fazendo com que as duas etapas se Discovery e Delivery, fazendo com que as duas etapas se

CURSOS ltura de prod CURSOS

e
. EDUCACAO e eragio EDUCACAO
wx

Design Sprnts (cURSO SUPERIOR - 2020 - EsTACIO Design Sprins CURSO SUPERIOR - 2020 - ESTACIO

Métricas em prodios digts Gestioaa
CERTIFICAGOES CERTIFICAGOES.
Cortifiod Scrum Product Owner (GSPO) - Agile Expert Kanban Cortifed Scxum Product Owner (CSPO) - Agle Expert Kasban
Foundation (KIKF) - Serum Foundation Protossional Certfcate (SFPC) - -
Ramoto Work and Virtual Gollaboration Professional Certicate Remoto Work and Virtual Gollboration Proessional Certfcate
(RWVGPC) - White Bl ix Sgrma ®WVGPC) - White Bt ix Sigma

[ ] [ ] [ ] [ ] [ ]

Figure 1.2: Figure 1.2a provides a visual representation of the reading order
derived from text extracted by a PDF parser, with text boxes in the figure
displaying numbers in its top left corner to represent this order. Ideally, the
parser should aim to generate a reading order similar to that illustrated in
Figure 1.2b.

Lastly, to our knowledge, existing literature have primarily targeted
resumes in English [8, 9, 13|, Chinese [7, 14], and European languages [10, 13].
This has resulted in a notable void in the availability of effective resume parsing

tools tailored specifically for the Brazilian market.

1.1
Our Contributions

Our main contribution lies in developing a novel resume parser for
Brazilian Portuguese that addresses two practical aspects that were overlooked
by the proposals available in the literature: (i) ensuring the accurate reading
order of text extracted from resume files and (ii) extracting the entire section
structure within a resume. In other words, we propose a resume parser
pipeline that given a pdf file systematically identifies and delineates all sections
within a resume. More precisely, in the case of the FEducation and Work
FEzxperiences sections, we extend our approach to the individual identification
of each subsection within these sections. This emphasis on Fducation and

Work Experiences stems from their key role as arguably the main sections
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of a resume, containing numerous entities that require association with other
entities (e.g., Job Titles and Company Names).

To restore the correct reading order of the text, we first devised a metric
to distinguish different levels of complexity in document layouts. We employ
this metric to classify the resumes according to their complexity and then we
identify the prevalent classes. The majority of resumes found in our study has
low layout complexity and, thus, we focus on them. In such cases, deducing
the correct reading order proves relatively straightforward. By exploiting this
convention, we reframe the text reading order problem into a template identi-
fication task, which can be effectively addressed through Image Classification
techniques. Our experiments suggest that even a widely-used small model like
EfficientNet-B0 [2] can accurately identify common templates with a satisfac-
tory accuracy above 85%. Additionally, we demonstrate that identifying page
templates using an anonymized version of the pages (highlighting character-
containing regions only) yields competitive results, ensuring data privacy while
allowing us to make our anonymized dataset publicly available.

To extract the sections and subsections, we design a sequence tagging
approach to simultaneously identify both types of information. Using our
proposed approach, we implement two solutions based on the well-known CRF
[15] and BERT [16] models. We aim to investigate the performance disparity
between these models and evaluate their practical implications, particularly
considering their significant computational cost differences. Our experiments
demonstrate good results with regard to the sequences of segments that are
generated. In terms of section identification, both CRF and BERT exhibited
comparable performance, with CRF achieving an F1-Score of 83.5% and BERT
achieving 84.9%. However, when identifying education and work experience
subsections, BERT demonstrated a significant advantage over CRF": the latter
achieved an F1-Score of 72.9%, while the former achieved 82.4%. Nonetheless,
these results suggest that the CRF can be a feasible alternative to BERT,
depending on hardware and budget limitations.

In summary, our contributions encompass the following:

1. Development of a resume parser for Brazilian Portuguese designed to

structure the entire resume;

2. A simple yet effective approach to ensure the correct text reading order

based on layout information;

3. Two segmentation models for extracting the sections and subsections

simultaneously;
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4. An in-depth analysis of employing BERT- and CRF-based models for

resume segmentation;

5. An anonymized dataset for page template identification, promoting data

accessibility while upholding privacy considerations.

It is worth mentioning that our study primarily concentrates on resumes
in PDF format. Our choice is motivated by its widespread popularity and
extensive usage 3. Additionally, less common formats such as DOC and DOCX

can easily be converted to PDF for compatibility.

1.2
Thesis Structure

The thesis is organized as follows. In Section 2, we introduce the funda-
mental concepts and methods required to comprehend the remainder of this
work. Then, in Section 3, we provide a brief overview of existing academic and
commercial approaches to resume parsing and other related information ex-
traction tasks. Section 4 presents the pipeline of our resume parser, outlining
its key components and functionality. In Section 5, we describe the datasets de-
veloped to evaluate our approach’s performance and present our experimental
study’s results, focusing on page template identification using EfficientNet-B0
and resume segmentation using both CRF and BERT models. Finally, in Sec-
tion 6, we conclude our research and discuss future directions for enhancing

the capabilities and applications of our resume parser.

1.3
Disclaimer

Most of the resume information displayed throughout this paper was
generated by us or taken from Microsoft Create*. Information from a real
resume was only displayed when strictly needed. However, in those cases, we
did not present any personal information that would make it simple to identify

the author of the resume.

3https://pdfa.org/pdfs-popularity-online/
‘https://create.microsoft.com/en-us/templates/resumes-and-cover-letters
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2
Background

This chapter overviews the fundamental concepts and methods required
to comprehend the remainder of this work. We begin by properly introducing
the PDF format in Section 2.1, emphasizing its pertinent characteristics in our
specific context. Proceeding to Section 2.2, we delve into the labeling tools we
chose to assist in annotating the data collected for evaluating our proposed
methodology. Lastly, Sections 2.3 and 2.4 provide a formal presentation of the
machine learning tasks central to this work, accompanied by a comprehensive
exposition of the corresponding models that will be employed in subsequent

segments of this thesis.

2.1
Portable Document Format

A Portable Document Format (PDF) [11] is a format file developed by
Adobe to display a document in the same manner, regardless of the hardware
and software used. Its simplest arrangement consists of storing a sequence of
graphical objects describing where, how, and what will be displayed visually
on the page. Figure 2.1 illustrates a toy example.

Because the purpose of a PDF is to ensure visual consistency and
flexibility, there are no requirements regarding the objects’ storage order [17].
The availability of an internally well-structured file and a human-readable
order is optional and depends on the writing software used. On this subject,
the files including this additional information are named Tagged PDF.

The format also includes other accessibility options that facilitate the
navigation of the content. The most relevant for our work is the availability of
a Table of Contents, which could reflect the resume’s sections.

Despite this, many documents do not store this metadata. The reasons
are many. For example, the writing software used may simply not have
implemented these functionalities, or it may be impossible to generate them
automatically due to the flexibility of the document’s layout allowed by the
software. Furthermore, besides the writing software, there is also reading

software (e.g., PDF reader, Python package), which may ignore the metadata
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Figure 2.1: Toy example of the same PDF file represented from different
perspectives. Figure 2.1a illustrates a segment of the PDF’s internal structure,
delineating the instructions for rendering textual objects on the screen. Figure
2.1b showcases how these identical objects appear when rendered by PDF
reader software. Notably, these objects’ internal storage sequence does not
necessarily mirror the sequential manner in which a human would read the
displayed content.

stored and display the document’s reading order in the wrong order, even

though it is available internally.

2.2
Annotation Tools

Annotation tools play a crucial role in the process of building datasets
for supervised machine learning and natural language processing (NLP) tasks.
They provide environments that offer tools to assist in all stages of the
annotation process of the collected data — making the whole process more
straightforward and faster. In the context of this thesis, two distinct annotation
tools were employed: BRAT [18] and Label Studio [19]. These tools were chosen

for text and image annotation, respectively.

BRAT A specialized open-source software designed for text annotation
tasks. It enables users to highlight and categorize entities and relationships
within textual data, facilitating tasks such as named entity recognition and

relationship extraction.
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Figure 2.2: Screenshoots of the annotation tool BRAT.

Label Studio A versatile open-source annotation tool tailored for various
data types, including text, images, audio, and video. It offers customizable
annotation schemas, role-based collaboration, and active learning integration,
empowering annotators to create accurate and diverse labeled datasets for

machine learning and multi-modal analysis tasks.
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Figure 2.3: Screenshoots of the annotation tool Label Studio.

While these tools were developed with different purposes in mind, it is
noteworthy that BRAT and Label Studio share many essential features that

make them reliable:

1. Open-Source Nature: Both BRAT and Label Studio are open-source

solutions with strong communities and easy-to-set-up tools.

2. User-Friendly Interfaces: Fach tool features a user-friendly interface,

making them approachable and accessible to newcomers;

3. Account-Based Access Control: BRAT and Label Studio incorporate
account-based systems that block access to the data by third parties and

facilitate collaborative annotation;
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4. Web-Server Compatibility: Both tools are designed to be deployed on

web servers, allowing one to annotate data through any internet browser.

2.3
Document Image Classification

Document Image Classification is a task within the field of computer
vision, focusing on categorizing images of documents into predefined classes
based on their visual content. The goal of this task is to automatically
assign labels to document images, enabling efficient organization, retrieval, and
management of large collections of digitized documents. Figure 2.4 displays
examples of different document images from the RVL-CDIP dataset [20].

letter memo email filefolder form handwritten invoice advertisem...

scientific scientific
budget news article presentation publication questionna...resume report specification

‘ @uiaricnchemicatco. 08

Figure 2.4: Examples of document images from different document types.
Image retrieved from https://adamharley.com/rvl-cdip/

Formally, let tensor m € R¥*W*C represent the input document image,
where H is the height in pixels, W is the width in pixels, and C' is the
number of channels (e.g., grayscale or RGB channels). Additionally, assume
we have a predefined document type set d = {di,ds,...,dp}, signifying the
D different document types that can be associated with a document image.
The document image classification aims to predict a label [ € d to the input
image. Its objective is to find the label [* € d that maximizes the conditional
probability p(I*|m), as expressed by the equation: argmax, p(I|m). In simpler
terms, the document image classification goal is to find the document type that
has the highest probability of being correct given the observed input image,
considering the visual patterns encountered within neighboring pixels.

In fact, image classification is one of the earliest tasks of computer vision,
and as such, numerous well-established computer vision techniques naturally
address it. In the context of this work, we employed EfficientNets [2], one of the

most employed models for this task. In the remainder of this section, we briefly
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explain how it works, starting from its base architecture, the Convolutional

Neural Network.

2.3.1
Convolutional Neural Network

Convolutional Neural Network (CNN) is a deep learning architecture
specially designed for image analysis and processing. It excels in tasks such
as image classification due to its ability to automatically learn hierarchical
features directly from pixel values. The fundamental concept of CNNs is first
to detect local image patterns, such as edges, and then progressively combine
these basic features to form more complex ones, such as shapes. To achieve this,

CNNs incorporate the Convolutional and Pooling layers. Figure 2.5 illustrates

- Healthy

- Alarm

- Danger
El

these concepts.

|:| Damaged
FULLY
INPUT CONVOLUTION + RELU  POOLING ~ CONVOLUTION + RELU  POOLING FLATTEN FULLY  soFTmax
Aircraft . Structural Condition
. Feature Learning e
Sensing Input Classification

Figure 2.5: A simple CNN architecture [1].

The Convolutional Layer is responsible for detecting local patterns in
images by sliding learnable filters over the input, generating feature maps
representing specific features such as edges and textures. As layers deepen, the
network captures increasingly complex features.

The Pooling Layer downsamples the generated feature maps by aggregat-
ing values within small adjacent regions. This downsizing not only enhances
the model’s computational efficiency but also improves its robustness against
slight variations in the input.

After repeating this process multiple times, the model generates repre-
sentative image features. These features are then flattened and input into a

linear classifier to determine the image’s category.
2.3.2

EfficientNet

While neural network models find extensive applications, they still strug-

gle to determine optimal input size, the number of layers, and other hyperpa-
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rameters. Assigning these values typically involves a trial-and-error approach or
reliance on heuristics, which can prove time-intensive. Within CNN-based ar-
chitectures, EfficientNet [2] addresses this issue by introducing a methodology
that systematically scales the architecture based on available computational
resources.

EfficientNet starts with a baseline model, EfficientNet-B0, and defines a
set of operations that can be applied to it (such as adding more layers). They
also establish a maximum limit on mathematical operations, representing the
computational resources. By progressively increasing computational resources,
they search for the most effective combinations of operations that fit within the
augmented resources while yielding optimal performance on the widely-used
ImageNet dataset [21] for image classification. This systematic methodology
results in a family of eight models, ranging from EfficientNet-BO to B7,
each tailored to different resource constraints and demonstrating improved

performance in various tasks.
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Figure 2.6: EfficientNet operations [2].

2.4
Sequence Tagging

Sequence tagging is a fundamental task widely used in NLP applications,
involving the assignment of tags to a sequence of elements (e.g., words, lines).
For example, Part-of-Speech (POS) tagging aids in grammatical analysis
by categorizing each word’s syntactic role, while Named Entity Recognition
(NER) identifies and classifies entities like names of people, locations, and
organizations. Additionally, the use of sequence tagging extends to more
complex tasks like document segmentation, where it helps in outlining the

section structures.
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For these last applications, it is common practice to use a tagging scheme
to represent entities and sections spanning multiple words accurately. For
example, /OB2 (Inside-Outside-Beginning) scheme [22] adds a prefix B to
the first word of an entity while adding a prefix I to the remaining words. For
the location “Sao Paulo”, the word “Sao” would be tagged B-Location while
“Paulo” would be tagged I-Location. This scheme also includes the tag O to
be assigned to all words unrelated to any entity.

Formally, let © = {x1, x9, ..., zx} represent the input sequence consisting
of N elements. Additionally, assume we have a predefined tag set t =
{t1,ta,...,t7}, denoting the T potential tags that can be assigned to these
elements. Sequence Tagging aims to predict a tag for each element in the
input sequence, creating a corresponding tag sequence y = {yi,9o,...,yn},
where each y; € t. The objective is to find the optimal tag sequence y* that
maximizes the conditional probability p(y*|z), as expressed by the equation:
y* = argmax, p(y|r). In simpler terms, the sequence tagging goal is to find
the tag sequence that has the highest probability of being correct given
the observed input sequence, considering the contextual dependencies and
relationships between neighboring elements.

Many popular NLP methods are used to address sequence tagging tasks.
In the context of this work, we employed CRF [15] and BERT [16], arguably
two of the most employed models for this task. In the remainder of this section,

we briefly explain how each of these models works.

24.1
Conditional Random Fields

Conditional Random Fields (CRF) [15] are a type of probabilistic graph-
ical model used for structured prediction tasks, where the goal is to make
predictions about structured outputs. CRFs are particularly effective in sce-
narios where there are dependencies between the output tags. In the context
of sequence tagging, Linear-chain CRF is a subtype of CRF specifically de-
signed for dealing with sequences, where the dependencies between tags are
constrained to their neighboring tags.

For modeling the p(y|z), the Liner-chain CRF defines a set of feature
functions f = (fi, f2,..., fx) that capture the relationships between the
sequence’s elements and tags. Each feature function f, € f computes a score
based on the strength of a certain feature in each element x; € z, taking into

account the tags y; and y;_; assigned to the current and previous elements.
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Then, the scores of all feature functions are combined using:

score(y|r) = Z Z i fi (Wi, Yio, ,9).

=1 j5=1

Finally, the resulting score is transformed into a probability distribution over
all possible tag sequences using a normalization function like the softmax.
Selecting useful feature functions plays a critical role in the CRF’s
performance. Thus, it is crucial to take time and define as many functions as
possible that seem aligned with the task at hand. For example, considering the
document segmentation application, we could employ indicative functions that

verify whether a word is commonly used as a section heading or is uppercase.

2.4.2
Bidirecional Encoder Representations from Transformers

Bidirectional Encoder Representations from Transformers (BERT) [16]
is a transformer-based model [23] that learns contextualized word embeddings
[24] by simultaneously considering both the left and right neighboring contexts
of each word in a sentence. These embeddings encode comprehensive informa-
tion about word meanings in the context of a sequence, effectively extracting
high-quality features directly from raw text and removing the need for manual

feature engineering, as seen in the CRF model.

2.4.2.1
Model Architecture

It is out of the scope of this work to explain the intricacies behind a BERT
model and how it models the p(y|x) for the sequence tagging task. Yet, for a
basic understanding of its functionality, we provide a simplified explanation of
how BERT operates, emphasizing its two foundational components: subword
tokenization [25] and the attention mechanism [26]. We also include a visual
representation of the simplified BERT architecture in Figure 2.7 to enhance
comprehension.

At first, BERT receives a sequence of words and breaks them into a
sequence of subwords by employing the WordPiece tokenization [25]. The
justification is that subwords enable the model to handle words not present in
its initial vocabulary and effectively represent morphologically rich languages.
For example, the word “segmentation” could be split into “segment” and
“HH#ation”, where “##” denotes a subword continuation. In the context of

sequence tagging, to avoid introducing excessive complexity, the model could
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Figure 2.7: A simplified representation of the BERT architecture. WordPiece
tokenization effectively balances the segmentation of words into subword units
while preserving common words’ integrity; this maintains words like “Univer-
sity” as complete units while breaking down words like “ACADEMIC”. Multi-
head attention employs several distinct attention mechanisms to simultane-
ously address diverse aspects of input text. The BERT architecture iteratively
refines input embeddings through twelve layers before transmitting them to
the classification layer. Empty entries in the output layer indicate that we ig-
nored the predicted tag.

ignore subword continuations and assign the first token’s output tag as the
word’s tag.

Once subword tokenization is complete, BERT assigns an embedding to
represent each subword in a continuous vector space. These embeddings are
then refined iteratively through the attention mechanism [26], which helps the
model analyze how subwords relate to one another. For instance, in the sen-
tence “John works as a developer at Google”, the attention mechanism could
enhance the representation of “developer” by incorporating its connections
to “John” and “Google”. By repeatedly refining these embeddings, BERT en-
codes contextual relationships between words within the sequence, culminating
in what is known as Contextual Word Embedding.

Finally, BERT feeds these high-quality representations to some linear
classifier in order to predict the outputs related to the NLP task at hand.

At first glance, this explanation of how BERT operates may resemble
that of the Recurrent Neural Network (RNN) architecture with the Atten-
tion Mechanism [26]. However, while there are similarities between them when
looking at these architectures from a simplified perspective, RNNs and Trans-

formers differ significantly in terms of parallelism, scalability, and input size
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handling. RNNs process sequential data step by step, lacking true parallel
processing abilities. In contrast, Transformers like BERT process all data si-
multaneously, albeit constrained by a 512-token limit. This parallel processing
capability accelerates training, empowering Transformers to attain larger di-
mensions and undergo training on more extensive datasets compared to RNNs,

vastly improving its performance on the same NLP tasks.

2.4.2.2
Pre-trained Models

Furthermore, BERT offers the advantage of pre-trained models that en-
code intricate contextual relationships between words. This is achieved through
prior training, where these models learn to predict missing (masked-out) words
within sentences using vast amounts of unlabeled data. For example, in the
sentence “What are [masked] doing today?” the expected prediction might
include words like “you”, “they”, or “we”.

This pre-training ensures the model already possesses contextual under-
standing, requiring downstream tasks to just fine-tune it on specific datasets
to better focus on the task at hand. This accessibility to pre-trained models
significantly streamlines the creation of highly effective models, eliminating the

necessity of training from scratch.



3
Related Work

Within this chapter, our focus is directed toward a comprehensive survey
of the pre-existing approaches to resume parsing. These efforts are divided into
three distinct categories: (i) Traditional, encompassing literature predating the
emergence of Contextual Neural Networks; (ii) Modern, encapsulating recent
strides within the field, which primarily emphasize the integration of Trans-
former models into resume parsing; (iii) Enterprise Solutions, encapsulating
commercially available resume parsing tools that are shrouded in proprietary
details. Furthermore, the subsequent sections of this chapter provide succinct
reviews of pertinent works that have surfaced in the domains of Reading Order

Detection and Text Segmentation tasks.

3.1
Resume Parsing

Comparing the various resume parsers proposed in the literature poses
challenges due to the absence of a standardized benchmark dataset. Each tool
adopts its own perspective on the relevant information and guidelines for data
annotation, resulting in datasets with distinct characteristics. Furthermore,
we have not found any publicly available dataset or source code related to
the works in the literature, possibly due to privacy and intellectual property
concerns. As a result, rather than directly comparing metrics, it becomes more
relevant to understand how the available approaches handle document data,

and metadata and adapt existing models from related problems.

3.1.1
Traditional Approaches

As previously mentioned, most works [7, 8, 9, 27] focus on extracting key
sections and entities from resumes using a two-step pipeline as illustrated in
Figure 3.1. The first step involves identifying the sections of interest, while the
second step consists of extracting specific entities within them.

These two steps are typically formulated as sequence tagging tasks, and
because of that, they utilize similar algorithms and attributes. Algorithms
such as Hidden Markov models (HMM) [7], Conditional Random Fields
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(CRF) [8, 9, 27], Convolutional Neural Networks (CNN) [9], and Bidirectional
Long-Short-Term-Memory - CNN (Bi-LSTM-CNN) [9] have been employed.
Regarding attributes, neural-based models [9] rely on Word Embeddings
exclusively. In contrast, other models [8, 27] utilize ontologies that encompass
the most frequent headings and terms across different sections, visual metadata
(e.g., font size, bold formatting), and textual elements (e.g., "Is it a number?",

"Is it all caps?") within the documents.

Generic o
PDF Parser |+ Classification

Partial Segmentation -

PDF > »{Entity Extraction

Figure 3.1: Example of a basic pipeline for parsing resumes. The primary
objective of most of the proposed approaches is to extract the relevant entities.
Section identification serves as a means to filter the text portions that the
models should scan for improving precision.

3.1.2
Modern Approaches

Recent works [10, 13, 28, 29] focus on expanding the extracted informa-
tion from resumes, primarily leveraging Transformers [23] like BERT [16].

Vukadin et al. [13] propose a single multi-objective and multilingual
BERT model capable of extracting main sections and entities in five languages
simultaneously. They also propose a second multilingual BERT model to
extract the competency level associated with skill entities.

The work that is closest to ours is by Pawar et al. [28], where the goal
is to group entities associated with the same work experience (or education).
They develop an ensemble model that combines rule-based, CRF-based, and
neural-based models to extract entities and determine lines associated with
the same item. However, this approach has limitations, including the lack of
detailed information on the manually extracted features employed. Addition-
ally, the study focuses primarily on assessing the number of related entities

identified, with no comprehensive evaluation of segmentation quality. Notably,
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they remain the only study employing traditional Word Embeddings instead
of contextual Word Embeddings, citing the significant computational costs
associated with using models like BERT in practical scenarios.

On the other hand, the works of Gaur et al. [29] and Barducci et al.
[10] are complementary to ours. They use proprietary tools to obtain the
FEducation, Work Experiences, and Skills sections and concentrate on a more
comprehensive extraction of information within these sections.

It is noteworthy to mention that Barducci et al. [10] were the first to
highlight the challenges of extracting information from PDF resumes with
“complex” templates such as 2-Column. They specifically cite the issue of

non-sequential text in these resumes.

3.1.3
Enterprise Solutions

Despite these research efforts, several practical aspects still require
attention, such as handling documents with complex layouts and accurately
identifying individual education and work experience items. While academia
has yet to explore these areas extensively, commercial applications developed
by companies like Affinda and Nanotecs address these points. However, the
details of these solutions and their associated metrics remain proprietary.

Based on the brief descriptions of the technologies employed [30, 31], it
is evident that their architectures seem more complex than the one illustrated
in Figure 3.1. For example, they introduce an initial component for Docu-
ment Layout Analysis [32] to decompose the original document into blocks and
arrange them in the most appropriate reading order. They also enrich com-
ponents already explored in the literature, covering more information while

employing Contextual Word Embeddings [16].

3.2
Reading Order Detection

The challenge of determining the reading order in PDF documents is
not new. Meunier et al. [3] proposed one of its first solutions by segmenting
document pages into rectangular blocks and optimizing their grouping based
on geometric attributes to establish the reading order.

In recent years, Wang et al. [33] introduced ReadingBank, a dataset with
reading order, text, and layout information for 500,000 DOCX documents in
English, facilitating the utilization of deep neural networks for reading order
detection. Their proposed model, LayoutReader, utilizes a seq2seq architecture

[34] with transformers for accurate reading order prediction. One limitation of
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this approach is that it relies on DOCX documents which typically impose
layout constraints. Another limitation is that it does not guarantee that all
tokens will be ordered since it uses a seq2seq architecture.

Furthermore, to our knowledge, Gu et al. [35] stands as the only work that
evaluates the influence of reading order on subsequent tasks, specifically, the
extraction of entities and semantic relations from scanned forms. In contrast
to [33], they adopt a heuristic approach similar to [3], aiming to group close
textual elements to enhance contextual clarity while extracting entities and

relationships of interest.

3.3
Text Segmentation

The literature offers several approaches [36, 37, 38, 39] to address text
segmentation (and classification). These methodologies typically start with a
sentence encoder, which derives a vector representation of each line based
on word embeddings. To accomplish this, they employ techniques such as
weighted averaging [36], RNNs [37, 39], or transformers [38]. Subsequently,
the encoded sentences undergo further processing through other RNN [36, 37]
or Transformer [38, 39] models to obtain refined sentence representations that
take into account the surrounding context. Finally, with a list of enriched
sentences in hand, each approach presents a unique strategy on how to segment
the text (and classify the segments obtained).

Omne noteworthy approach by Arnold et al. [36] closely resembles the
strategy applied in resume parsing. It involves assigning tags to each line,
and text segments are identified by tracking tag changes between consecutive
lines. In contrast, Barrow et al. [37] segment the text first before performing
classification. Finally, both Lo et al. [38] and Bai et al. [39] propose a
simultaneous approach where the models assign a topic to each line and detect
whether the same is a segment boundary.

An interesting aspect to highlight is that, unlike resume parsing, there
exists a standardized dataset [36] based on the Wikipedia section structure,
which serves as a common benchmark for evaluating these approaches. Notably,
this dataset intentionally omits section headings to challenge the segmentation
of text. Moreover, in addition to employing classification metrics, these studies
utilize the p; segmentation metric [40] to assess the alignment between

predicted segment breaks and annotated segmentation.



4
Our Proposal

This chapter presents the proposed resume parser designed to organize
the unstructured text extracted from a resume file into a semi-structured object
that reflects its original section structure. We provide a brief overview of the
parser’s pipeline. Then, we detail the techniques it employs to ensure the
accurate reading order of the text and identify the sections and subsections

within a resume.

4.1
Pipeline

Figure 4.1 illustrates our resume parser pipeline, which consists of three
core components. For the PDF parser component, we simply use PDFBox [12],
a popular open-source library for manipulating PDF files under the Apache
Software Foundation. In contrast to other resume parsers, we add a pre-
processing component between the PDF parser and the section segmenter
to ensure the correct reading order of the text retrieved; this is detailed in
Section 4.2. In addition, we modify the segmenter component, already found
in other approaches, to simultaneously handle the segmentation of sections
and subsections; this is detailed in Section 4.3. To avoid overuse of some
terms and better distinguish between these two types of information, we
use first- and second-level information to refer to the sections (e.g., Personal
Information, Work Experience) and items (individual education and work
experience subsections).

Our parser does not identify entity-level information, such as degrees and
job titles. That said, we understand that our components can be easily coupled
with other well-established approaches, given the modular design commonly
adopted by most resume parsers. After segmenting a resume, we could use the
resulting sections as inputs to the models proposed in [10, 29] since they are
specialized in extracting entities from one section at a time. Alternatively, it is
also doable to create a single model that simultaneously extracts all levels of
information by combining our tagging schema, detailed in Section 4.3.2, with
the tagging schema proposed in [13]. However, this combination is limited to

Transform-based models, given their multi-objective optimization capabilities.
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4.2
Reading Order

Correctly retrieving the text from PDF documents can be challenging
because the format was primarily designed to preserve the visual position of
the document’s elements (e.g., text and image), which means that documents
are not required to store their elements in a logical order [17]. As a result,
document parsers implement rules-based algorithms [41, 42] to infer the most
appropriate reading order of the text extracted based on its layout. However,
the failure rate of these heuristics seems to increase with the complexity of the
document’s layout.

As displayed at the beginning of this thesis, Figure 1.2a shows a document
where the parser failed to extract the text correctly. Although the change
in the reading order seems small, it can have significant consequences when
extracting information. The document in question, for example, may end up
not extracting the section Objective.

To mitigate this problem, we propose a template identifier for resume
pages. We model the problem of identifying a template as an document image
classification task [20] where each page template is considered a different
document type. We work with the assumption that most resume layouts
derive from a few well-defined templates with easy-to-extract reading orders.
Therefore, if we map the most used templates and identify which one a page
uses, we can employ a heuristic to reorder its elements to ensure they follow

the correct reading order.

4.2.1
Layout Complexity

The problem of determining the reading order of documents can be
comprehended as first identifying textual elements whose reading orders are
known (e.g., paragraphs) and then ordering them in a way that is reasonable
for human readers. Different layouts use different amounts of textual elements,
and it is plausible to assume that the more they are present on a page, the
more difficult it becomes to organize them. Hence, a layout’s number of textual
elements can indicate its complexity.

To quantify this concept, we just consider resumes that consist exclusively
of textual blocks — rectangular-shaped textual elements whose content is
structured to be read from left to right and top to bottom. By imposing this
constraint, we can distinguish each textual block’s location through a series of
vertical and horizontal cuts in the blank spaces across the page. For instance,

in a page with two columns, inserting a vertical line between them allows
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us to differentiate between blocks in the left and right columns, resulting in
two sub-regions that can be further subdivided through additional cuts. The
application of a sequence of n such cuts generates a list of n+ 1 textual blocks.

It is important to note that our assumptions do not account for all resume
layouts. Specifically, it cannot assess pages that employ “L-shaped” content
organization, as shown in Figure Figure 4.2. However, we argue that such
elaborate visual arrangements are uncommon in resumes, and our approach is

designed to cover the majority of resume layouts effectively.

Figure 4.2: Examples of text elements organized in a L-shape format [3].

In this context, we define layout complexity as the minimum number
of cuts required to obtain the fewest number of text blocks on a page.
The complexity level of a page corresponds to the number of cuts required
+1. Figure 4.3 provides a visual representation of different levels of layout

complexity based on this definition.
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4.2.2
Template Types

Based on our previous discussion, in this thesis, we focus on identifying
the most common templates used on resumes: 1-Column and 2-Column, which
correspond to all page layouts of complexity levels 1 and 2. For clarity, we

define a given page as:

— 1-Column: If we can correctly read the entire content of the page
starting from the top left corner and, from there, following from left to

right and from top to bottom. Figure 4.4 illustrates this procedure;

Sheetal Parmar
Phlebotomi

ONONONONOC

(a) Reading order (b) Correct (¢) Wrong

Figure 4.4: Figure 4.4a depicts the reading order that defines a I-
Column template. Figure 4.4b is an example that follows this reading
order. Figure 4.4c is an example that does not follow it since the Name
and Surname would be read separately given the other contacts in
the upper right corner.

— 2-Column: If we can find an empty block vertically crossing the entire
page, splitting the existing text into two independent columns, in which
we can apply the procedure described for 1-Column. Figure 4.5 illustrates

this procedure;
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Angelica
Astrom

Takanori Ito

SENIOR SALES ENGINEER

(a) Reading order (b) Correct (¢) Wrong

Figure 4.5: Figure 4.5a depicts the reading order that defines the 2-
Column template. Figure 4.5b is an example that follows this ordering
while Figure 4.5¢ is an example that does not, as the page header
makes it impossible to divide the text into two columns.

— Complex: If a page does not fit into the above categories.

As a quick note, it is worthwhile mentioning that we assume the text is
represented by a sequence of words. Hence, we are considering a word-by-word
reading to define these templates. However, the same approach can also be
used when representing the text as a sequence of any other textual block type,
such as sentences, paragraphs, or text segments obtained through a document
layout analysis task [32]. The only critical aspect is that the chosen type follows
the reading patterns defined.

4.2.3
Reconstruction Step

The “reconstruction” step replicates the visual reading order in the data
reading order. In the 1-Column case, this means reordering the words according
to their coordinates on the y and x axes, respectively. The 2-Column case is
analogous with an additional pre-processing step where the widest vertical
empty block is detected. The content is then split into two blocks: one on the
left of the empty block and the other on the right. During reordering, words
on the left precede those on the right. We did not develop a heuristic for pages

classified as Complex since this class represents all unmapped reading orders.

4.2.4
Impact of Templates in the Reading Order

Here we discuss how robust the text reading order retrieved by popular

parsers is. For that, we perform a simple experiment exploiting our defined



Chapter 4. Our Proposal 42

templates and the expected number of y-axis line inversions occurring on each
one of them.

Given a line sequence (I, 1ls, .. .,l,), obtained as an output of some PDF
parser, we define a y-axis inversion as any instance where y; > ;11 for two
consecutive lines [;,[;1; 1. Note that we are assuming the origin (0, 0) is at the
top-left corner of the page Thus, a 1-Column template is expected to have zero
inversions, while a 2-Column template is expected to have only one inversion
- the column break. Thus, the idea for our experiment is to analyze how well
a parser handles 1-Column and 2-Column pages by extracting the texts of
several pages with these templates and comparing the number of inversions
obtained with the ones expected. For this experiment, we employed one of the
datasets created in this work, detailed in Section 5.2.2, which consists of 3, 638
pages manually annotated according to the defined templates. Notably, we only
consider lines containing at least 5 characters to mitigate possible inversions

caused by noisy lines in the resumes.

Table 4.1: Number of y-axis inversions for two commonly used document
parsers (in %). PDFBox returns the lines in the order they were stored, while
PDFMiner applies a heuristic to reorder them based on their spatial locations.

PARSER | PDFBox | PDFMINER

INVERSIONS\ 1-CoLUuMN 2-CoLUMN COMPLEX |1-COLUMN 2-CoOLUMN COMPLEX

0 70.60 0.17 7.88 54.77 1.56 9.24
1 20.94 39.24 29.57 24.98 40.45 32.20
2 4.72 16.67 20.14 9.73 25.52 20.91
3+ 3.74 43.92 42.41 10.52 32.47 37.65

Table 4.1 shows the results for two well-established parsers, namely
PDFBox [12] and PDFMiner [43]. As an example, PDFBox reconstructed
70.6% of the resumes annotated as 1-Column without inverting any line while
only 39.2% of the resumes annotated as 2-Column presented one inversion. We
observed that many pages had more inversions than they should have for both
tools. By manually inspecting some of them, we noticed that many inversions
seem negligible from a practical point of view. These are cases like the page’s
footer going to the middle of the text or semantically independent chunks
changing order, such as Name and Telephone lines. Nonetheless, there are also
critical cases where the parsers positioned all section headings at the end of

the page or moved one work experience into another section.

'With a slight abuse of notation, we reuse the symbols [ and y from Chapter 2 to denote
a line and its y-coordinate, respectively.
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Of course, with this approach, it is impossible to accurately measure
the proportion of resumes whose texts have been altered so significantly as to
jeopardize the understanding of their content. Our main intention is to convey
that potential mistakes during the section segmentation and information
extraction steps could be due to problems in the input text rather than the
respective models and that assuring the correct reading order of the text

retrieved is desirable.

4.3
Resume Segmentation

Once the proper reading order of the text has been ensured, the next
step is segmenting the text regarding both the first and second levels of
information. Our proposed methodology treats each individual work experience
and education item as an independent section, allowing us to formulate the
problem as a conventional sequence tagging task.

We deviate a little from a standard implementation by introducing a
minor modification in the tagging scheme to enable the model to distinguish
the initial item in each section from the subsequent ones; this adjustment is
necessary as the initial item is encountered in a distinct context and aids in a
clear differentiation between the first and second levels. Using this strategy, we
can retrieve the entire Work Experiences section by concatenating the adjacent
work experience items. For the Education section, the process is analogous.

We implemented CRF- and BERT-based approaches using this method-
ology to analyze the performance differences between them. Our motivation
is to verify whether BERT is justifiable for our task, despite its significantly
higher computational requirements compared to CRF; or if the CRF can be a

practical and viable alternative when computational constraints are a concern.

4.3.1
Section Types

Our resume parser extracts all sections written in the resume. However,
because it is laborious and arguably infeasible to have the names of all possible
sections, our models explicitly tag only Personal Information, Objective, Sum-
mary, FEducation, and Work Experiences sections in this study. This choice has
to do with the high frequency of these sections in resumes. Any other identi-
fied section is named as Other. For the sake of clarity, we explain the expected

content of our chosen sections:

— Personal Info: Basic information about the candidate, such as their

full name, contact details (email, phone, and web page), and address.
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Matheus Silva

Brazilian, Single, 30 years old
Rio de Janeiro, RJ

Phone: +55 (21) 98888-7777
E-mail: matheus@example.com

— Objective: Outlines the candidate’s aspirations, career goals, and the

job position they seek.

Intended Position: Work on Digital Marketing activities: content
marketing, inbound marketing, and metrics analysis.

— Summary: Highlights the candidate’s relevant skills, experience, and

accomplishments;

About Me

I have an I'T Support Professional Certificate. Experience as a Com-
puter Technician working with software and hardware installation,
computer assembly, and hardware recommendation.

— Work Experience: Refers to a candidate’s past employment. A job
typically includes the job title, company name, employment dates, and

a description of the candidate’s responsibilities and accomplishments;
Professional Experiences:

Financial Analyst, Company XX

Sep/2017 - Jan/2018

* Analyze current and past financial data and performance.
* Prepare reports and projections based on analysis.

— Education: Refers to a candidate’s academic background. An education
typically includes the degree earned, the institution name, and the

graduation date;

ACADEMIC EDUCATION
University XX | March 2019 - December 2022
Bachelor’s degree in Business Administration

— Other: Any additional information the candidate wants to include in
their resume that did not fit into the previous sections. That might

include volunteer experience, certifications, awards, or references.

Complementary Courses and Knowledge
* English — Intermediary

* Spanish — Intermediary

* Excel / VBA and MACRO — Advanced
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4.3.2
Tagging Scheme

Using a naive approach, we need at least two models to obtain a resume’s
first and second levels of information. The first model extracts all the resume
sections; the second model receives a single section and splits it into individual
items. The first model requires classifying each line as part of a specific section,
so we can later extract each section. In contrast, the second model only requires
determining where each item begins through a binary classification. A True
tag indicates the beginning of an item, while a False indicates the continuation
of the last item.

To avoid implementing these models, we can apply a minor tweak to our
tag encoding to have a single model that simulates the same core behavior.
As already stated, the first step to do that is to classify each item of a section
and the other sections simultaneously by considering each item as a section
in itself. After that, when we encode our annotations, we have to differentiate
the first item of the section from the remaining ones.

We initially encode all annotations using the standard I0B2 scheme [22],
meaning the annotation’s first line adds a prefix B to the section type while
the remaining lines add a prefix I. We do not use the tag O because our
annotation cover all resume. Then, we append an Item suffix (inspired by the
BILOU scheme [44]) to all items other than the first to differentiate them,
which should be equivalent to the True tag of the binary classification. Table

4.2 illustrates and differentiates our tagging scheme from the standard scheme.

Table 4.2: A comparison of the standard IOB2 scheme and our modified
implementation.

LINE STANDARD OURS
SKILLS TO DRIVE INNOVATION. I-SUMMARY I-SUMMARY
Education B-EDUCATION B-EDUCATION

2020 - 2022 XXX UNIVERSITY I-EDUCATION I-EDpucATION
M.Sc.IN COMPUTER SCIENCE I-EpucATION  I-EDUCATION

2016 - 2020 YYY UNIVERSITY B-EDUCATION B-EDUCATION-ITEM
B.S. IN COMPUTER SCIENCE I-EbpucATiON  I[-EDUCATION
Skills B-OTHER B-OTHER

4.3.3
Segmentation Models

To segment resumes, the CRF and BERT models take a sequence of words

as input and assign tags to them as output, thus generating the segmentation.
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However, we enforce that both models assign a single tag type per line to ensure
that no section changes occur inside a line since it is reasonable to assume that
these shifts only occur when moving from one line to the next.

In the remainder of this chapter, we describe the specific adaptation

required by each model to handle the resume segmentation task.

CRF Architecture

For the CRF-based approach, we convert the sequence of words into a
sequence of lines and use them as input to the model. Working with lines is
more practical since we must manually extract attributes from the input to
feed the model. It allows us to select higher-level attributes that better align
with our segmentation task. When merging the words into a line, we must
also “merge” their metadata. For simplicity, we use the majority rule for all
properties.

Table 4.3 describes the attributes selected, which can be divided into four
categories: Ontology, Text, Visual, and Spatial. Each category covers a type of
information encoded in the resumes that can be exploited to help us detect and
differentiate the sections within them. It is noteworthy to highlight that most of
our attributes are geared toward identifying section breaks. The identification

of the section type is given solely by the attributes of the Ontology category.

Ontology category As the name suggests, represents the attributes based
on an ontology, examining whether any token in the line matches some
typical section heading or tokens commonly presented in specific sections. Most
sections contain particular terms that are only present in them. For example,
the Work Ezperience section typically has “Professional Experience” (or simply
“Experiences”) as the heading of the section, while “position”, “company”, and
“job activities” often precede prominent information in it.

We implemented a normalization step to improve token matching be-
tween our ontology and the text. These included lowercasing all text to ensure
case-insensitive matching, stemming to reduce words to their root forms for
better recognition of word variations, replacing all numerical values with “0” to
standardize numerical representations, and removing stopwords and punctua-
tion marks. As a result, a sentence like “WORK EXPERIENCES: Developer
from 2018 to 2020” would be transformed into “work experi develop 0000 0000”.

To obtain the Resume Headings vocabulary, we examined 100 resumes?

2Tt is necessary to note that none of the resumes used in this examination are present in
the dataset described in section 5.3.1 to evaluate the model’s performance.
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Table 4.3: The manually extracted features used by the CRF model. The
term default refers to each resume’s most frequently found value for the given
attribute.

Ontology (*for each section type)

1 PERCENTAGE OF SECTION HEADER TOKENS
2 LIST OF COMMON TOKENS IN SECTION SEGMENT

Text

3 PERCENTAGE OF UPPERCASE TOKENS
4 PERCENTAGE OF LOWERCASE TOKENS
5 PERCENTAGE OF TITLECASE TOKENS

6 HAS YEAR

7 HAS NUMBER

8 HAS PUNCTUATION

9 HAS PUNCTUATION AT END

10 | HAS COLON

11 | HAS COLON AT END

12 | |TOKENS| < 2

Visual

13 | Is BoLD

14 | Is ItaLiC

15 | COLOR = DEFAULT

16 | FONTSIZE > DEFAULT

17 | FONTSIZE < DEFAULT

18 | FONTSIZE = DEFAULT

19 | IS SAME STYLE AS PREVIOUS LINE
20 | Is SAME STYLE AS NEXT LINE

Spatial (*w.r.t previous / next line)

21 | HAS INDENTATION LEVEL CHANGED
22 ygap — HMygap > Oygap

23 ygap — Hygar < —Oygap

24 | |y9°P — ﬂygap| < Oygap

25 | y9? > DEFAULT

26 | y99P < DEFAULT

27 | y99P = DEFAULT
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and carefully selected the most prevalent headings for each section type. The
selected headings are listed in Appendix A.

On the other hand, we opted to employ an automated approach to obtain
the section body vocabulary due to its extensive and diverse nature compared
to the prior vocabulary. To achieve this, we leveraged the x? test [45], a widely
used method in machine learning for feature selection. In simple terms, the 2
test helps identify the terms (unigrams and bigrams only) that better represent
a specific section by considering their occurrence patterns; they should appear

prominently only in that particular section.

Text category Textual attributes consisting of common text patterns.
Lines containing section headings tend to be uppercase and short if we ignore
stopwords. On the opposite side, lines containing inner section content are
mostly lowercase and long. Detecting date periods and punctuation is also
relevant to identifying second-level information since each education and work

experience usually specifies a date period representing its start and end.

Visual category Visual attributes embedded into the words, identifying
elements such as bold, italic, and font size. It is common for section headings
and other remarkable information on resumes to have distinct visual attributes
to make them stand out. However, for cases such as font size, it is essential
that we first identify the size being used as default to determine which lines

deviate from it.

Spatial category Spatial attributes that measure the distance between the
current and previous/following lines regarding the y and x axes, as illustrated
in Figure 4.6. It is reasonably common for resumes to have a large gap between
the end of a section and the start of a new one. The same reasoning can be
applied when starting a new education or work experience. Like the strategy
employed for the font sizes, we must first identify the most common gap size

between one line and another to determine which gaps deviate from it.

X
y £ * Prepare reports and projections based on analysis.

gap
i

Vi =y - widthj - yj_q

ACADEMIC EDUCATION

T va®™ = vien - widtieq -y,

University XX | March 2019 - December 2022
— Bachelor’s degree in Business Administration

ap _
%12%P = Xie2 - Xjaq

Figure 4.6: How to compute the y and = axes gap between consecutive lines.
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BERT Architecture

The BERT-based approach does not require manual attribute selection.
However, it requires pre-processing and post-processing steps to allow BERT
to deal with lengthy texts, given its 512 input token limitation. On top of that,
it also requires a second post-processing step to deal with the lack of cohesion
between adjacent predictions. In the CRF-based approach, the prediction of
line ¢ depends on the prediction of line ¢ — 1. Therefore, the model naturally
restricts a line to be classified as I-Fducation only if the previous line was
classified as either I-Fducation or B-Education. This does not occur for BERT

because the lines are all processed in parallel.

Pre-processing We first tokenize the input word sequence using the Word-
Piece tokenizer [25]. If the number of generated tokens exceeds 512, we parti-
tion the token sequence into independent subsequences. We apply a 128-token
overlay between the previous subsequence’s end and the next subsequence’s
beginning to improve context awareness between adjacent subsequences. This
overlay does not undergo classification to avoid bias during training. As a re-
sult, the first subsequence can classify up to 512 tokens, whereas the subsequent

ones can classify up to 384 tokens.

ACADEMIC EDUCATION

o & X | varen Split SEQ1 | AC |mAD |MEM | ##IC | E | #40D |muc| #HAT |m10N|Unwersuy| X | ##X | | |March| 2019 | : |

niversi arc I ificati J

2019 - December 2022 » ’ Classification !
SEQ 2 Iunlversllyl X I #4X I | IMarchI 2019[ - IDecemberI 202 I #2 IBachelorl s |degree| in IBusmessIAdmmlslra(lonI

Bachelor’'s  degree in

Business Administration ; Context t Classification  m——

Figure 4.7: The WordPiece tokenizer converts the input text containing 15
“words” into a sequence of 25 tokens. Suppose we employ a toy BERT model
with a token limit of 16 and consider a context size of 7 tokens. In that case, we
must partition the token sequence into two minor subsequences and process
them separately. The first sequence processes the first 16 tokens, while the
second processes the remaining 9 tokens. However, we append 7 context tokens
to the beginning of the later subsequence to improve context awareness.

Classification BERT processes those input subsequences separately and
outputs tags for each one of them. To ensure that the model only outputs
one tag type per line, inspired by Vukadin et al. [13], we introduce a New
Line index that sets to true only the first token of each line, excluding those
in the contextual area. This index ensures that the model only takes into
account those tokens’ outputs during classification and only backpropagates

them to update the model weights during the training phase. All remaining
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tokens output the same tag as the first in the line and are ignored during

backpropagation.

Output | B-Edu | | | | | | | | I-Other

1 1

[ BERT

L e e o o o o o o O o o o O
fofofofofofoJo ol JoJoJo oo o]

Input Contextlndex|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|

New Line Index |

University March

Token | AC |#AD |##EM | #HIC | E | #4#D |#uc | HHAT |##ION

X|##X|| 2019|—|

Figure 4.8: In addition to the token sequence, we add newline and context
index sequences as input to BERT. This additional information allows us to
control which outputs to consider during the training and inference phases.

Post-processing If there is more than one subsequence, we drop all
subsequences’ contextual windows and concatenate them to obtain a unique
sequence once again. Finally, the last step is to ensure the output segmentation
is valid. Since BERT outputs are independent, it can output a tag B-Education
followed by a tag [-Other, which is undesirable. To circumvent that, we
employed the following heuristic: (i) For each token tag, recover its prefix
(B or I) and section type (Other, Work Experience, ...); (ii) Split the output
sequence into a list of segments based on the prefix B; (iii) For each segment,

assign its section type as the most frequent one in number of lines.

Merge ACADEMIC EDUCATION

SEQ1 | AC |mAD |vaM | ##1C | E | ##D Iwuc| H#HAT |m0N|Universuy| X | #X | | |March| 2019 | s | + Fix eper—
p———————— B-Education } I-Other i University XX | March
2019 - December 2022
SEQ 2 |umversny| X |mx | | |March| 2o|9| - IDecemberI 202 I 2 IBachel0r| 's |degree| in IBuslness|Admln|s(rauon| ——— I-Educaton ——

Bachelor's degree in
Ignore } I-Education  s————— Business Administration

——— I-Education ————|

Figure 4.9: After processing each subsequence, we translate the outputs
generated back to the original format. First, we drop the SEQ 2’s contextual
window and then attach it to the end of SEQ 1. The output of the second line
present in SEQ 2 is also ignored in this process because the line was already
classified in SEQ 1. Finally, once we have the original sequence, we apply
post-processing to ensure the tag sequence is consistent.
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Experiments

In this section, we present the results of the experiments conducted for the
template classification and resume segmentation tasks related to our proposed
resume parser. For both of these tasks, we provide details about the dataset
used, the experimental setup, and a comprehensive analysis of the performance

observed in our developed models.

5.1
Initial Considerations

Likely due to privacy concerns, we have not found publicly available
datasets for resume parsing. All resumes used in our study were provided by
an HR Tech company based in Brazil and, subsequently, manually annotated
by us to construct datasets tailored to each task. Because of this, the section
related to each task includes a brief description of the creation process of the
dataset used.

We performed the experiments for both tasks five times, randomly
dividing the datasets into training, validation, and testing sets with a ratio
of 60/20/20 for each iteration. The tables in this section report the average
results of the test sets accompanied by their corresponding standard deviations.

All models were implemented in PyTorch [46] and executed on a single
core of an Intel(R) Core(TM) 15-12400 CPU @ 4.40GHz, equipped with 32 GB
of RAM and a GeForce RTX 4070 Ti with 12GB of VRAM. Our source code

is available at https://github.com/matwerner/resume_parser/.

5.2
Template Classification Task

To evaluate our approach, we employed EfficientNets [2], a family of Con-
volutional Networks designed to efficiently grow in size as more computational
resources are made available. The great advantage of this architecture is that
it achieves results that are competitive with those obtained by much larger
networks (e.g., ResNets [47]) in image classification tasks. Specifically, we em-

ployed only the EfficientNet-B0, the smallest model of the family. Preliminary
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results showed no significant gain in using larger EfficientNet versions. The
same happened with our tests with ResNets.

The EfficientNet-B0 is tested under three different training configurations
described in Section 5.2.3. Since we are dealing with image classification, we
compared these configurations in terms of standard classification metrics such
as Accuracy, Precision, Recall, and F1-Score. We also point out that we take
into account the resumes themselves when partitioning the dataset. We do this

to prevent the same PDF document from having pages in different partitions.

5.2.1
Comparative Method

We also evaluate a heuristic (as a baseline) inspired by the concepts
introduced in Section 4.2.1 regarding the complexity level of page layouts and
their correlation with the templates under consideration in this thesis.

The core assumption is that the set of cuts representing each template
is performed in the largest empty spaces of the page. Thus, the heuristic’s
objective is to identify these spaces, obtain the set of cuts ¢ characterizing the

page, and then classify its template as:

1-Column if ¢ is empty;
Template(¢) = 4 2-Column if ¢ contains a vertical cut only; (5-1)

Complex  otherwise.

For that purpose, the method applies a top-to-bottom page segmentation
strategy for extracting the cuts, inspired by other approaches available in the
literature [3, 48]. At each step, it performs horizontal or vertical cuts in all
rectangular empty spaces traversing the entire page. Then, for each region
created, it repeats the same procedure recursively until it cannot find any
gap larger than a threshold. When the recursion ends, the method discards
all horizontal cuts not followed by vertical cuts. A horizontal cut alone is
redundant since the two regions created can still be read in top-to-bottom and
left-to-right order. Finally, the resulting set of cuts is used to classify the page
template based on Equation 5-1.

When horizontal and vertical cuts are feasible, the heuristic prioritizes
the former over the latter because our primary objective is distinguishing 1-
Column and 2-Column templates. All gaps dividing two regions must have a
width > 6, and a height > 6,. Furthermore, we require all regions to have
at least 6, tokens to avoid introducing tiny regions due to a few strangely

positioned tokens.
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In more detail, considering a page as a list of tokens, the described

procedure for performing vertical cuts is as follows:
1. Sort the tokens in the x-axis;

2. Enumerate all empty spaces between two consecutive sorted tokens with

width > 6,. Their height is the same as the page;

3. Perform a cut in each empty space, dividing the page into regions. Each

token is transferred to its assigned region;

4. For each region created, check whether it has at least ; tokens. If false,

merge the region with the following one;
5. Append all valid cuts to (;

The procedure is analogous to performing horizontal cuts.

A crucial implementation detail we must address is that the thresholds
0, 0y, and 0, vary with each page. The method associates statistics extracted
from the resume to each threshold and multiplies them by the global factors
0y, oy, and oy. In the case of 6, this is just the total number of tokens on
the page. Thus, for example, considering a; = 0.01 and a resume containing
1,000 tokens, each region in it must have at least #; = 10 tokens. On the other
hand, 6, and 60, are multiplied by the median x-axis gap between consecutive
tokens in the same line and the median y-axis gap between consecutive lines.
For that to work, the method sorts all tokens with respect to the y and x axes

beforehand. A line is formed by all tokens with the same y-coordinate.

5.2.2
Dataset

This task requires a dataset consisting of resume page images and their
annotated template types. To prepare the data for annotation, all resumes
were split into individual pages and then converted into images in their default
display resolutions (usually A4 paper size, 72 dpi). The resulting collection is
then uploaded to Label Studio [19] and annotated following the guidelines
presented further in this section.

An alternative dataset with anonymized images is also created. In this
version, images only highlight parts of the resume containing characters and
conceal any other graphic element present, as illustrated in Figure 5.1. Our
motivation is to have a new dataset with the following properties: (i) It does
not contain sensitive information, so that we can make it available along with

our code and (ii) it retains the characteristics of the original dataset that are
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relevant for the template identification task. As hinted by the results in [49],
a template classifier should rely mainly on the positional distribution of the

tokens on the page, not on its meaning.

Takanori Ito

SENIOR SALES ENGINEER

(a) Original (b) Anonymized

Figure 5.1: The original and anonymized versions of the same resume page.

Annotation Guideline The annotation process is straightforward; basically,
each page is labeled according to the categories described in Section 4.2.2.
Nonetheless, we shall mention that we prioritize the top-to-bottom left-to-right
reading pattern when more than one reading order is possible. And also, this
work focuses solely on text, meaning that figures, photos, and other graphic

elements are ignored for the purpose of labeling a page.

Statistics The annotated dataset comprises 1,953 resumes spanning 3, 638
pages. After completing the annotation process, we categorized 2,034 pages
as 1-Column, 576 pages as 2-Column, and 1,028 pages as Complex. Table 5.1

shows the resume distribution over the template types used.

Table 5.1: The number of resumes using different combinations of template
types.

TEMPLATE TYPES COUNT
1-COLUMN ONLY 629
2-COLUMN ONLY 355
COMPLEX ONLY 524
1-CoLuMN + 2-COLUMN 114
1-CoLuMN + COMPLEX 297
2-CoLUMN + COMPLEX 30
1-COLUMN + 2-COLUMN + COMPLEX 4




Chapter 5. Experiments 55

We examined the presence of a Logical Structure embedded in the PDFs
of annotated resumes, indicating that the software tool established a reading
order. Among the 1,953 selected resumes, 1,005 contained this information,
accounting for approximately 51.5% of the files. Perhaps not surprisingly, most
of them were created by Microsoft Word. It is important to note that the
presence of such a structure does not necessarily guarantee that the reading
order is correct [50]. For detailed distributions of this and other metadata

attributes based on the software tool used, please refer to Appendix C.1.

5.2.3
Experimental Setup

Our experimental setting follows Kornblith et al. [51], where it is pre-
sented an in-depth analysis of the impacts of employing ImageNet [21] pre-
trained models on many image classification tasks. Similarly to them, we an-
alyze the impact of using the EfficientNet-BO model over our original and
anonymized datasets in three different training settings: as fixed feature ex-
tractors, fine-tuned from ImageNet initialization, and trained from random
initialization. We used the pre-trained EffiecientNet-B0O model available at the
Pytorch website!.

When using the model as a feature extractor, we converted all images
into feature vectors and trained a logistic regression with regularization L2
and penalty A € [1075 10°]. For the fine-tuning setting, we trained only
the classifier layer for 30 epochs using the SGD optimizer with Nesterov
moment m = 0.9 and learning rate a = 0.01; next, we unfroze the remaining
layers (except for the batch normalization layers) and trained for another
20 epochs with a € [1072,107%] and A € {107%,107°,0}. Finally, for the
randomly initialized weights setting, we trained the model for 50 epochs with
a € [1071,107%] and A € {1073,107*,0}. In all these settings, we used Adam
optimizer [52] with a cosine decay and batch size of 64.

We obtained the optimal parameters through a grid search on top of the
accuracy score on a validation set for all these training settings. All models
were trained up to their fixed number of epochs or until the accuracy on a
validation set decreased through five consecutive epochs.

In the case of the heuristic method, we also employed a grid search
over the parameters o,, o,, and o, to obtain their optimal values. We
tested o, € {1.0,2.0,3.0,4.0,5.0}, o, € {1.0,2.0,3.0,4.0,5.0} and o, €
{0.01,0.03,0.05,0.07,0.1}.

https://pytorch.org/vision/stable/models.html


https://pytorch.org/vision/stable/models.html

Chapter 5. Experiments 56

Pre-processing Since we only employed EfficientNet-B0, all images were
reduced to 224 x 224 pixels and normalized by subtracting the average pixel
and dividing by the standard deviation of each channel. If we were training
from scratch, we used the statistics from the training images. Otherwise, we
used the same statistics applied in the pre-trained model.

We also applied data augmentation to increase the number of training
instances by applying small shifts and flips on the vertical and horizontal axes,

inverting the colors, and randomly resizing the original images.
5.2.4
Results

Table 5.2 shows the accuracies obtained by all models and configurations

tested on top of the datasets with the original and anonymized resume pages.

Table 5.2: Accuracy (in %) for all models trained. The heuristic method
(baseline) obtained an accuracy of 74.93% + 0.82%.

DATASET \ FEATURE-EXTRACTION FINE-TUNING SCRATCH
ORIGINAL 75.92 + 2.02 84.87 = 1.45 80.83 + 2.18
ANONYMIZED 77.34 + 1.66 85.45 + 1.56 85.50 &+ 1.47

The heuristic method already yields an accuracy of 74.9%, well above the
majority class predictor, which would have an accuracy of about 55.9%. When
examining metrics related to each template type, we observed it obtained a
reasonable F1-Score for both 1-Column and 2-Column, both around 80%. On
the other hand, it only obtained an F1-Score of 48.1% for Complex due to low
recall. This outcome can be attributed to the method’s tendency to minimize
the number of cuts, favoring the classification as 1-Column or 2-Column. In
a real-world scenario, however, the opposite would be preferable. Recall that
pages classified as anything other than Complex undergo a “reconstruction”
phase, emphasizing the importance of high precision in those cases.

Moving to the EfficientNet-BO models trained under different settings,
we observe that the behavior of the results is in line with those seen in other
studies [51, 53]. The feature extraction setting has the lowest accuracy among
the tested settings, only 75.9%. Even so, this is 1.0% above that obtained
by the heuristic, driven mainly by the improvement of Complexr. Meanwhile,
as expected, the fine-tuning setting yields the best model with an accuracy
of 84.9%. However, perhaps surprisingly, given the size of the dataset, even

a model trained from scratch achieves a reasonable accuracy of 80.8%. By
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examining once again the metrics related to each template type, we noticed
that these differences in accuracy are primarily derived from the ability of the
models to correctly identify complex pages, as all of them seem capable of
distinguishing 1-Column and 2-Column from each other.

Replacing the original dataset with the anonymized one improved around
1% the accuracies of the models trained under the feature extraction and fine-
tuning settings and around 4% the model trained from scratch, matching its
performance to the fine-tuning one. The accuracy should not change for the
heuristic because both versions use the tokens’ bounding boxes only.

These results support the initial hypothesis that simplifying the images
maintains the relevant properties of the image for this task. On the other hand,
the difference in the improvement rates indicates that this transformation
facilitated detecting patterns already embedded in the pre-trained model
without enabling the capture of more complex or less frequent patterns of

template types with fewer examples.

5.2.5
Error Analysis

To better understand each model’s strengths and weaknesses, we an-
alyzed the errors made in the test set of one of the dataset splits by the
heuristic method and the fine-tuned EfficientNet-BO model. To this end, we
looked at other classification metrics and visually inspected misclassified pages
to identify possible common error patterns.

Tables 5.3 and 5.4 show the confusion matrix and the classification
metrics for each template type for the heuristic method. As we can see, the
largest number of errors is due to classifying Complex as 1-Column and 2-

Column, which significantly impairs both types’ precision.

Table 5.3: Confusion matrix per template type for the heuristic method.

Predicted
1-Column 2-Column Complex
o 1-Column 401 15 30
2-Column 3 95 5)
Complex 107 26 61

We found that most of those errors were caused by the heuristic not
performing cuts between distinct text blocks separated by a narrow gap. As
we suspected earlier, the method appears to cut the page only when there is

a clear division between the pieces of information. The justification is that
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Table 5.4: Classification metrics (in %) per template type for the heuristic
method.

TEMPLATE \ PreEcisioN RECALL F1-SCORE

1-COLUMN 78.47 89.91 83.80
2-COLUMN 69.85 92.23 79.49
COMPLEX 63.54 31.44 42.06
AVERAGE |  70.62 71.19 68.45

there are endless possibilities of how to cut a page if it does not take into
consideration the gap size, especially in the horizontal direction. Nevertheless,
allowing cuts in narrower gaps in a practical scenario may be more helpful
since the method would classify as 1-Column or 2-Column only those pages
in which it could find no empty spaces or only one vertical space. As already
discussed, the precision of these templates must be high as they will undergo
a “reconstruction” phase afterward.

Figures 5.2a and 5.2b illustrate the error discussed. The first is an
example of a Complex page classified as 1-Column. To be correctly classified,
the method would require first to perform a horizontal cut between the section
headings (white lines centered in the middle of the page) and their content.
Then, perform a vertical cut separating the left and right text blocks. The
issue is that the gap between the heading and its content is too narrow. The
second is an example of a Complex page classified as 2-Column. The method
correctly performed the vertical cut dividing the text into two columns, and
even performed horizontal cuts afterward — however, not in the gaps that

would have enabled the method to perform even more vertical lines.

(a) 1-Column (b) 2-Column

Figure 5.2: The Figures 5.2a and 5.2b display Complex pages that the heuristic
method classified as 1-Column and 2-Column respectively.
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Tables 5.5 and 5.6 show the confusion matrix and the respective clas-
sification metrics for each template type for the fined-tuned EfficientNet-B0
model. The model does much better at identifying Complex, which improves

1-Column and 2-Column precisions.

Table 5.5: Confusion matrix per template type for the best model trained.

Predicted
1-Column 2-Column Complex
o 1-Column 405 2 39
2-Column 0 98 5}
Complex 30 22 142

Table 5.6: Classification metrics (in %) per template type for the best model
trained.

TEMPLATE \ PRECISION RECALL F1-SCORE

1-CoLUMN 93.10 90.80 91.94
2-COLUMN 80.32 95.14 87.11
COMPLEX 76.34 73.19 74.73
AVERAGE |  83.25 86.38 84.59

It is more challenging to interpret which image patterns misled the model
because EfficientNet is a neural network model. However, we noticed that a
reasonable number of the misclassified images were due to annotation errors
during the dataset creation. The only consistent pattern we found through
many images was the existence of two seemingly “aligned” text blocks — the
top and bottom of the their bounding boxes start and end at approximately
the same y-axis coordinates. This could suggest the model had difficulties
understanding whether those blocks were distinct pieces of information or an
aesthetic choice where part of the information is isolated (see Figure 5.3).

Figures 5.4a and 5.4b illustrate the error discussed.

EDUCATION

Mechanical Technician University XX 2013
Bachelor of Electrical Engineering University YY 2005
Information systems technician University 7ZZ 2000

Figure 5.3: An FEducation section where each piece of information from an
education is isolated from the others. Realistically, we read these educations
line-by-line. However, assuming the reading should be column-by-column
seems valid for the model. Even more so with the discretized images.
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(a) 1-Column (b) 2-Column

Figure 5.4: The Figures 5.4a and 5.4b display Compler pages that the
EfficientNet-B0 model classified as 1-Column and 2-Column respectively.

5.3
Resume Segmentation Task

To evaluate the First- and Second-level segmentation, we examined the
quality of the segment sequences generated by CRF and BERT models under
different training configurations with respect to both levels of information.
When evaluating the first level, we concatenate the work experience and
education items to retrieve their respective sections.

The true and predicted segment sequences are compared using the Micro
F1-Score. Similar to Yu et al. [7] and Singh et al. [8], a predicted segment is only
considered correct (True Positive) when it matches an annotated segment in
terms of section type and the similarity between the predicted and annotated
segments, measured by the Jaccard score, is at least 90% as illustrated in Figure
5.5. When testing alternative thresholds, the results observed were similar to

those presented in section 5.3.3.

Personal Info  Summary Education Education
| | | True
X
R
| | | | Predicted
Personal Info Other Other Education Other

Figure 5.5: Matching (J) between true and predicted segment sequences for
classification evaluation with a Jaccard score threshold of at least 60%. In this
simplified example, only two segments are considered correct.
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We provide an additional experiment that specifically explores the impact
of employing the item suffix strategy, as opposed to the conventional approach,

in Appendix B.

5.3.1
Dataset

This task requires a dataset consisting of resumes with all their existing
sections and some subsections annotated. To assess the quality of our segmen-
tation component, we just add resumes with the correct reading order to this
dataset. Recall that resumes with a wrong reading order should be handled by
the first component of our proposed pipeline.

However, obtaining resumes with the correct reading order is challenging
as it is not readily available. Therefore, as an approximation, we only use
texts in which we have high confidence regarding the correctness of their
reading orders. More precisely, we selected resumes in which each of its pages
was labeled as 1-Column or 2-Column by the template identifier model and
where the reading order remained the same as initially extracted after the
reconstruction step. The resumes that met these criteria were uploaded to Brat
[18] and annotated, following the guidelines presented further in this section.

We did not resort to any automated procedures to annotate resumes
because it is unusual for them to contain an embedded structure within
the PDF document, as commonly found in scientific papers in PubMed and
arXiv repositories; There is also the fact that these repositories make the
same file available both in PDF format and in standardized XML. The latter
associate tags (e.g., Figure, Table, Text, Footnote) to all visual elements in
the document. In this regard, studies [32, 54] building datasets on top of these
repositories develop strategies to map the tags to the PDF layout.

Annotation Guideline We can break down the annotation process into two
steps: segment identification and segment labeling. For illustration, Table 5.7
exemplifies an annotated resume.

Segment identification corresponds to identifying shifts in the resume
section being referred to while reading the text, generating a list of segments.
In the IOB2 scheme, the B prefix represents a section shift while the I prefix
represents that we continue in the same section. For this step, we must annotate
all resume section shifts, as our Resume Parser should be capable of identifying
all sections described in a resume?.

2Headers and Footers are not considered sections but part of the surrounding resume
section, except when they contain personal information.
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Segment labeling corresponds to mapping each found segment into one of
the resume sections described in Section 4.3.1. For this step, we do not detail
how it is decided which section a segment refers to, though the descriptions
given in Section 4.3.1 should provide a good direction. We just note that when
a segment can be placed in more than one section, we use a “majority” rule,
which means we map it to the section most represented in that segment. For
example, a segment describing formal education and information regarding

language skills and certifications will be considered an Education section.

Table 5.7: An example of an annotated 2-Column resume.

LINE

ANNOTATION

210 STARS AVE BERKELEY, CA 78910

808.555.0118

DIAN@QEXAMPLE.COM

WWW.GREATSITEADDRESS.COM

Objective

OFFICE MANAGER WITH 5 YEARS OF

EXPERIENCE IN MANAGING

ADMINISTRATIVE TASKS, SEEKING A

CHALLENGING POSITION TO LEVERAGE

ORGANIZATIONAL, COMMUNICATION, AND

LEADERSHIP SKILLS TO STREAMLINE OFFICE

OPERATIONS AND SUPPORT BUSINESS

GROWTH.

DIAN NUGRAHA

Experience

DEC 20XX—-JAN 20XX

OFFICE MANAGER ® NORTHWIND TRADERS

FEB 20XX-DEC 20XX

ADMINISTRATIVE ASSISTANT o WIDE WORLD IMPORTERS

MAR 20XX-FEB 20XX

OFFICE INTERN o OLSON HARRIS, LTD.

DEVELOPED AND IMPLEMENTED OFFICE POLICIES AND PROCEDURES TO
IMPROVE OFFICE EFFICIENCY AND REDUCE COSTS.

Education

BELLOWS COLLEGE, BERKELEY, CA

e BACHELOR OF SCIENCE IN BUSINESS ADMINISTRATION, 20XX
Communication

AS AN OFFICE MANAGER, I HAVE HONED MY COMMUNICATION SKILLS
THROUGH YEARS OF EXPERIENCE IN VERBAL AND WRITTEN
COMMUNICATION WITH CLIENTS, VENDORS, AND TEAM MEMBERS. I
HAVE EXTENSIVE EXPERIENCE IN CREATING AND DELIVERING
PRESENTATIONS, PREPARING AND RESPONDING TO BUSINESS
CORRESPONDENCE, AND ENSURING EFFECTIVE COMMUNICATION
THROUGHOUT THE OFFICE.

Leadership

I HAVE DEMONSTRATED STRONG LEADERSHIP SKILLS IN MANAGING A
TEAM OF ADMINISTRATIVE STAFF AND SUPERVISING DAILY OFFICE
OPERATIONS. I HAVE EXPERIENCE IN PROVIDING GUIDANCE AND
SUPPORT TO STAFF, SETTING PERFORMANCE EXPECTATIONS AND
PROVIDING FEEDBACK, AND ADDRESSING ISSUES AS THEY ARISE.
References

AVAILABLE UPON REQUEST.

B-PERSONAL INFO
I-PERSONAL INFO
I-PERSONAL INFO
I-PERSONAL INFO
B-OBJECTIVE
I-OBJECTIVE
I-OBJECTIVE
I-OBJECTIVE
I-OBJECTIVE
I-OBJECTIVE
I-OBJECTIVE
I-OBJECTIVE
I-OBJECTIVE
B-PERSONAL INFO
B-WORK EXPERIENCE
I-WORK EXPERIENCE
I-WORK EXPERIENCE
B-WO0ORK EXPERIENCE
I-WORK EXPERIENCE
B-WORK EXPERIENCE
I-WORK EXPERIENCE
I-WORK EXPERIENCE
I-WORK EXPERIENCE
B-EDUCATION
I-EDUCATION
I-EDUCATION
B-OTHER

I-OTHER

I-OTHER

I-OTHER

I-OTHER

I-OTHER

I-OTHER

I-OTHER

B-OTHER

I-OTHER

I-OTHER

I-OTHER

I-OTHER

I-OTHER

B-OTHER

I-OTHER

Statistics To train and evaluate our segmenter, we annotated 1, 081 resumes
whose original reading orders matched the reading orders of our approach. Of

the selected resumes, 940 exclusively include 1-Column pages, 54 have only 2-
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Column pages, and 87 contain at least one page of each template type. We do
not select resumes with Compler template, as we cannot verify their reading

order. Table 5.8 shows some characteristics of the annotated sections.

Table 5.8: Basic statistics of the annotated sections.

SECTION TYPE \ #ANNOTATIONS #LINES #WORDS
EpUucATION 2,385 6,067 45,245
OBJECTIVE 669 1,826 13,644
OTHER 2,386 15,223 124,246
PERSONAL INFO 1,210 6,888 56,766
SUMMARY 528 5,170 56,601
WORK EXPERIENCE 4,772 36,171 370,264
ALL 11,950 71,345 666,766

We examined the presence of the Table of Contents embedded in the
PDFs of annotated resumes, as it could potentially accelerate the segment
identification step. Among the 1,081 selected resumes, only 75 contained
this information, accounting for approximately 7% of the files. For detailed
distributions of this and other metadata attributes based on the software tool
used, please refer to Appendix C.2.

It is worth noting that each entry in this Table references the page and
coordinates of a heading, but the specific region it encompasses is not defined.
This means that an automated heuristic for segment extraction would only be

feasible if the text content is correctly ordered.

5.3.2
Experimental Setup

For CRF, we inspected how the ontology, textual, visual, and spatial
features detailed in Table 4.3 influence the overall results. To build each
one of these models, we employed the L-BFGS algorithm [55] with [; and
I, regularization, where Iy, € [1073,107].

For BERT, similarly to the experiments done in Section 5.2, we analyzed
the impact of using a pre-trained model as a feature extractor and fine-tuning
it to our data following the experimental setups laid in [16, 56]. We used the
pre-trained BERT Base model for Brazilian Portuguese named BERTimbau
[56] available at the HuggingFace website?.

When using the model as a feature extractor, we tested training the

classifier layer for 10 epochs with a learning rate o set to 1073 using as

Shttps://huggingface.co/neuralmind/bert-base-portuguese-cased
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inputs only the last layer and the concatenation of the last four layers. For
the fine-tuning setting, we trained only the classifier layer following the same
setup used for the feature extractor approach; afterward, we unfroze the
remaining layers and trained the model for another 10 epochs with learning
rate € {2-107°,1-1075,5-107%}. In all these settings, we used a batch size
of 8 and Adam optimizer [52] with a learning rate warm-up over the first 10%
steps followed by linear decay of the learning rate over the remaining steps.
We obtained the optimal parameters in all these settings through a grid
search on top of the Micro F1-Score on a validation set. All models were trained
up to their fixed number of epochs or until the F1-Score on a validation set

decreased through three consecutive epochs.

5.3.3
Results

Table 5.9 examines the performance of the CRF using different sets of

features to understand how each one impacts the overall results.

Table 5.9: F1-Score (in %) for all CRF models trained with different sets of
features. The “+” symbol indicates adding new features to those used in the
column to its left. For example, “4 Visual” implies employing vocabulary, text,
and visual features.

LEVEL \ ONTOLOGY + TEXT + VISUAL + SPATIAL
EDUCATION 87.48 £ 1.21 89.30 &+ 1.56 89.83 4+ 1.05 90.53 + 0.43
OBJECTIVE 85.28 + 1.42 87.33 £ 1.26 87.21 4+ 1.93 86.79 £+ 1.30

% OTHER 66.77 £ 2.46 70.97 + 2.21 75.82 + 2.41 78.02 &+ 1.90
Z | PERSONAL INFO 83.41 + 2.50 86.81 + 1.86 88.26 + 1.93 88.86 *+ 2.49
S| SUMMARY 68.87 £ 1.81 70.96 + 2.11 69.98 + 1.72 71.40 & 0.90
9| WoRK EXPERIENCE | 82.58 4+ 2.97 84.38 + 1.69 84.69 + 1.75 85.13 + 2.12
\AVERAGE \ 79.07 £ 1.12 81.63 £ 0.79 82.63 = 0.89 83.46 + 1.16
EDUCATION 47.22 £ 4.57 66.60 £ 1.83 69.59 &+ 1.88 71.69 & 2.74
Z | WORK EXPERIENCE | 24.89 & 2.92 55.79 £ 2.44 66.31 + 3.12 74.20 + 2.91
H
= \ AVERAGE \36.05 + 1.67 61.19 &+ 1.52 67.95 &+ 1.91 72.95 + 2.64

Regarding extracting first-level information, the use of vocabulary and
text features already yields satisfactory results for most sections, with an
average F1-Score of 81.2%. The Personal Info, Objective, Education, and Work
Experience sections achieve the highest scores, all above 84.0%. These results
can be explained by the large number of examples in the dataset corresponding
to these sections, combined with the fact that each of them usually contains
specific keywords with high discriminatory power. For example, the Fducation

” o«

section should have a high concentration of words like “university”, “school”,
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and “degree”, which are unlikely to appear elsewhere in the text. On the
other hand, the Summary and Other sections have lower scores, which can
be linked to their more diverse content and intersection with the content of
other sections. For the first level, the impact of introducing visual and spatial
features is small for most of the sections. The exception is the Other section,
which gets a 7.4% increase, presumably because these features help identify
section boundaries between two consecutive Other sections.

However, the most significant impact of including the visual and spatial
features can be observed in extracting second-level information. They improve
the F1-Score of the education and work experience items by 5.9% and 18.0%
compared to using only the textual and ontology attributes, respectively. The
explanation is the same as the one suggested for the Other section’s improve-
ment previously. While these features do not directly provide noteworthy gains
in identifying the section to which a line belongs, they play a crucial role in
distinguishing section boundaries.

Table 5.10 illustrates the same evaluation for the BERT models. Here we
examine the performance of employing BERT as a feature extractor and fine-
tuning it to our data. In addition, we examine whether attaching the manually
extracted features employed in the CRF to the classifier layer improves the

overall performance over the default models.

Table 5.10: F1-Score (in %) for all BERT models trained with different sets of
feature and training settings.

LEVEL FEATURE EXTRACTION FINE-TUNING

DEFAULT + CRF FEAT. DEFAULT + CRF FEAT.

EDUcCATION 75.65 £ 2.73 79.87 &+ 1.15 91.26 = 0.85 90.49 + 1.30

OBJECTIVE 80.63 £ 3.08 83.59 + 1.21 88.09 £+ 2.15 87.75 £ 1.30

% OTHER 62.86 £ 2.21 69.83 &+ 2.53 76.52 &+ 2.17 77.57 &+ 1.50

£ | PERSONAL INFO 87.36 £ 2.27 90.05 £+ 1.41 91.63 = 1.80 91.01 £+ 0.69

| SUMMARY 58.64 + 3.63 62.05 & 3.84 73.60 &+ 3.08 73.73 + 3.86

| WoRrK EXPERIENCE | 64.98 4+ 2.87 68.20 + 3.24 88.53 + 1.67 88.36 + 2.28

| AVERAGE |71.69 £ 2.06 75.60 + 1.44 84.94 & 1.52 84.82 £ 0.75

EDUCATION 65.26 + 1.49 71.75 + 1.78 81.22 4+ 2.61 79.98 £+ 3.08

E WORK EXPERIENCE | 64.29 + 2.51 73.07 £ 2.85 &83.45 + 1.86 84.04 + 2.15
=

| AVERAGE |64.77 & 1.52 72.41 £+ 2.28 82.33 £ 2.06 82.01 £ 2.60

When utilizing BERT as a feature extractor, the results obtained for both
the first and second levels were comparable, at best, to the CRF model with
ontology and text features. However, considering the substantial difference in
computational costs, these results are unsatisfactory. Nonetheless, we observed

a notable improvement in the results by fine-tuning BERT with our specific
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data. For first-level information, the average F1-Score was 1.5% higher than
that of the best CRF model. The strong correlation between section extraction
and the detection of section headings can explain this modest gain. Ontologies
typically cover most headings since resumes tend to follow similar naming
conventions, leaving little room for significant improvements at this level.

On the other hand, the second level exhibited a considerable performance
gain. Both work experience and education items improved by approximately
9%. This indicates that BERT is better suited for identifying these items than
the CRF model, potentially due to the greater variety of patterns employed to
describe such items within resume sections.

Regarding the inclusion of the manually extracted features used in the
CRF, we observed that the results remained stable when fine-tuning this
extended version. This indifference in the results suggests that it is possible to
detect most of the section boundaries by exploiting the resume layout’s visual
and spatial features or better understanding the textual content, rendering the
CRF features unnecessary when using models with many learning parameters.
However, incorporating these features improved the results when employed
alongside BERT as a feature extractor. In conclusion, incorporating manually
extracted features is beneficial only under constrained scenarios where the

model’s understanding of the resume content is limited.

5.3.4
Error Analysis

To better understand each model’s strengths and weaknesses, we ana-
lyzed the errors made in the test set of one of the dataset splits by the best
CRF and BERT models. To this end, we looked at their confusion matrices and
visually inspected misclassified segments to identify possible error patterns. In
these matrices, we added the tag @ to represent all segments that did not
match any other segments with a Jaccard score of at least 90%.

Table 5.11 shows the confusion matrix of the CRF model. Evidently, most
segments invalidated by our classification criteria fall under @. Thus, the most
significant shortcoming of the model is incorrectly segmenting the text. This
point can be clearly inferred when comparing the F1-Score of the Education
and Work Fxperiences at the section and item levels displayed in Table 5.9.
There is visible deterioration when moving from identifying sections to items,
which indicates that the model is classifying lines in the right sections, but
having difficulty identifying item breaks. The same logic can be applied to the
case of the section Other.

Manually inspecting the segmentations obtained, we found the limited
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Table 5.11: Confusion matrix for the best CRF model from one of the dataset
splits. For clarity, @: Not Matched; Edu: Education; Obj: Objective; Oth:
Other; Per: Personal Info; Sum: Summary; Work: Work Experience.

Predicted
%] Edu Obj Oth Per Sum Work

) 0 84 11 54 23 10 150

Edu 132 322 0 5 0 1 1

o Obj 17 0 116 3 0 0 0
E Oth | 72 3 0 | 345 | 0 9 10

Per 27 0 0 2 207 0 0

Sum 16 0 1 12 2 72 2
Work | 204 7 0 3 0 2 667

vocabulary to be the main responsible for the errors committed by the model.
For example, most mistakes for the Work FEzxperience were made on items
starting with the company name. Correctly identifying company names is a
complex task in itself. To give an idea, Brazil alone has around 20 million
companies currently in operation 4. Another number of mistakes seems to be
caused by not recognizing unusual job titles such as “agricultor” (“Farmer”)
and “motorista categoria D” (“D-category driver”). This problem is analogous
to Education. In this case, it is only necessary to replace the names of companies
with universities and job titles with course names.

For the remaining sections, the problem is more related to the difference
between the name of the section heading and its actual content, as illustrated
in Table 5.12. Each heading is strongly associated with a section type, so
it is difficult for the model to disentangle these correlations. The model
also struggles to identify unusual headings, such as “Dominio de Softwares”
(“Software Domain”), which is expected since it heavily depends on the quality

of the ontology used.

Table 5.12: Example of a section misclassified by the CRF model. Commonly
used headings such as “Skills” are strongly correlated to specific section types.

LINE ANNOTATED PREDICTED
Skills and Competencies B-OBJECTIVE ~ B-OTHER
I’'M LOOKING FOR A JOB TO PUT INTO PRACTICE WHAT I’VE LEARNED ... I-OBJECTIVE I-OTHER
COMPANIES. SUCH AS SALES, INVENTORY, CASH, REPOSITOR... I-OBJECTIVE I-OTHER
ASSIGNED TO ME, ALWAYS SEEKING KNOWLEDGE TO CONTRIBUTE ... I-OBJECTIVE I-OTHER

“https://www.gov.br/economia/pt-br/assuntos/noticias/2022/julho/
mais-de-1-3-milhao-de-empresas-sao-criadas-no-pais-em-quatro-meses


https://www.gov.br/economia/pt-br/assuntos/noticias/2022/julho/mais-de-1-3-milhao-de-empresas-sao-criadas-no-pais-em-quatro-meses
https://www.gov.br/economia/pt-br/assuntos/noticias/2022/julho/mais-de-1-3-milhao-de-empresas-sao-criadas-no-pais-em-quatro-meses
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Table 5.13 shows the confusion matrix of the BERT model. The initial
observations are the same as those already made during the CRF error analysis.
Even the pre-trained model had difficulties finding the correct segmentation.
Comparing the two confusion matrices, we observe that the most meaningful
difference between them is in the number of correct education and work
experience segments, which was already expected given the results displayed in
Table 5.10. It is also noticeable that BERT considerably reduced the number

of errors related to the names of companies and educational institutions.

Table 5.13: Confusion matrix for the best BERT model from one of the dataset
splits. For clarity, @: Not Matched; Edu: Education; Obj: Objective; Oth:
Other; Per: Personal Info; Sum: Summary; Work: Work Experience.

Predicted
%] Edu Obj Oth Per Sum Work
%) 0 55 13 83 13 17 142
Edu 72 382 0 6 0 1 0
o  Obj 13 0 121 1 0 1 0
E Oth | 68 1 3 [ 351 | O 13 3
Per 13 0 0 1 222 0 0
Sum 14 0 0 10 1 79 1
Work | 117 0 0 5 0 2 759

For Work Ezperiences, finding simple and frequent error patterns was
difficult. The most apparent was single work experiences summarizing the
entire professional trajectory within the company or the different projects to
which the person was allocated, as illustrated in Table 5.14. We also noticed
that this section is the one that contains the most considerable amount of data
annotation errors. The explanation is simple, work experience items tend to
be extensive. The amount of text combined with the lack of visual indications
signaling the beginning/end of an item makes it difficult to annotate it within
the annotation tool correctly.

For FEducation, some of the main reasons for the segmentation errors
were: (i) education degrees using terms that are frequent in other contexts.
For example, “Técnico em Turismo” (“Technician in Tourism”) and “Gestao
de Satude” (“Health Management”); (ii) a single education spanning many lines
- an unusual pattern for an education item; and (iii) the presence of additional

information on an education item (e.g., main courses taken during undergrad).
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Table 5.14: Example of a segment misclassified by the BERT model. The
presence of a job title in a row is a strong indication that this is the beginning
of a new work experience.

LINE ANNOTATED PREDICTED

Google Inc. B-WORK EXPERIENCE B-WORK EXPERIENCE
OCCUPATION: LEAD DATA SCIENTIST - FEB/2019 - CURRENT I-WORK EXPERIENCE I-WORK EXPERIENCE
OCCUPATION: DATA SCIENTIST - MAR/2014 - FEB/2019 I-WORK EXPERIENCE B-WORK EXPERIENCE
OCCUPATION: INTERN - OcT/2013 - MAR/2014 I-WORK EXPERIENCE B-WORK EXPERIENCE

MANAGED A TEAM OF DATA SCIENTISTS, MACHINE LEARNING... [-WORK EXPERIENCE [-WORK EXPERIENCE




6

Conclusion

In this final chapter, we summarize our contributions to the domain
of resume parsing, including a short discussion of the inherent limitations
associated with our proposed methodology, and conclude by outlining potential

future research directions.

6.1
Contributions

This thesis proposes a new resume parser whose main goal is to extract
all sections from a given resume and also all items from its Education and Work
FExperience sections. The proposed parser consists of a pipeline with two core
components: the first focuses on fixing the reading order of the text extracted
from the PDF document, while the second extracts sections and items from
the reordered text.

The first component employs EfficientNet-B0 to identify the most com-
mon page templates based on a layout complexity measure introduced in Sec-
tion 4.2.1 and reorder the resume text according to the identified template on
each page. This approach yields good results, achieving an average accuracy of
85.5% and an average F1-Score of 90.5% for 1-Column, 86.8% for 2-Columns,
and 74.5% for Complex templates. The model successfully distinguishes 1-
Column and 2-Column templates but struggles to differentiate them from the
Complex template due to visual similarities.

Still related to the first component, we found out that identifying
page templates using either the original or anonymized versions (highlighting
character-containing regions only) produces very similar results. This finding
allows us to provide an anonymized dataset while upholding privacy concerns.

The second component employs CRF- and BERT-based models to ex-
tract all resume sections and individual items from the Fducation and Work
Ezxperience sections. To this end, we considered each item as a separate sec-
tion and slightly adjusted our tag encoding to distinguish the first item from
the subsequent ones. As expected, BERT yields the best results for both the
first and second levels of segmentation with an average F1-Score of 84.9% and

82.4%), respectively, demonstrating that the model is very good at segmenting
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the text into sections. However, CRF also yields satisfactory results with an
average F1-Score of 83.5% and 72.9%, respectively, which may be surprising
given that it has significantly fewer parameters than BERT. The most signif-
icant difference between them lies in getting individual work experiences and
education items, where we observe an average gap of about 9% in the F1-Score.

Nonetheless, the CRF can be a feasible alternative to BERT, depending
on hardware and budget limitations. Indeed, its GPU-free requirement and
potential for parallelization across multiple CPU cores make it an attractive

option for resource-constrained scenarios.

6.2
Limitations

For the first component, the most obvious limitation is that it can
only correctly order the text from documents using 1-Column and 2-Column
templates. Other less frequent but still relevant templates are not mapped. An
example is the 2-Column with Header displayed in Figures 4.3b and 4.5c.

Despite that, we recommend our approach for fixing the reading order
of resumes with simple templates only. The reason is that each mapped
template is associated with a tailored heuristic. Hence, complex templates may
require equally complex heuristics, which may be too cumbersome to develop
accurately.

Finally, it is essential to remember that our proposal is based on the
examination of resumes in the Brazilian job market. Our methodology may re-
quire adaptations for other markets, as each country has its own conventions.
An example is regarding the implementation of a sub-component for identi-
fying Tables. We encountered very few resumes that use tables to organize
information. However, other countries may use them more frequently, requir-
ing identifying them before reordering the text since they typically have their
unique reading orders.

For the second component, a shortcoming of our approach is that we do
not process the header and footnote of each page separately. That implies that
these elements are present in the middle of the sections extracted, which is
inappropriate from a pragmatic point of view. In addition, they may harm the
capability of the models to segment the sections correctly.

Before employing our CRF approach as a segmenter, seeking a more
robust method to enrich the vocabularies associated with the defined section
types is advised since we currently use a naive approach. As mentioned in
Section 4.3.3, the CRF relies exclusively on these vocabularies to associate

each segmented section with its correct type.
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For both components, the methodology used to build the datasets allowed
us to annotate a reasonable number of resumes. On the other hand, it has
limited the conclusions we can draw around the impact of reordering the
text. We managed to demonstrate the shortcomings of some document parsers
in handling 7-Column and 2-Column templates. However, we do not have a
quantitative metric directly comparing the parsers’ reading orders to those of
our approach. It is also pending to verify how the reading order impacts the

subsequent tasks of extracting entities and semantic relationships.

6.3
Future Work

As mentioned, one natural future work is ensuring that more templates
are correctly ordered. For this purpose, we can employ the measure of com-
plexity proposed in Section 4.2.1 to prioritize them. The idea is to start with
simple templates, which are the easiest to develop heuristics and should ar-
guably cover most resumes yet to be mapped.

In parallel, developing a more sophisticated methodology to extract the
reading order of more complex layouts would be essential. One possibility is to
work with larger textual elements to avoid creating excessive rules to ensure
correct reading order. To obtain these elements, we could employ the Document
Layout Analysis task [32]. Another alternative is to employ a LayoutReader-
based model directly since it can handle any layout [33]. However, this approach
would require training the model from scratch because the available pre-trained
model ! was trained using DOCX documents in English. It would also require
developing post-processing steps to circumvent limitations imposed by the
architecture, similar to what happened with BERT in Section 4.3.3.

Regarding resume segmentation, an evident future work is appropriately
identifying more section types, such as Skills and Complementary Courses. It is
reasonable to assume that they should perform well since we already indirectly
identify them through the generic “Other” section.

Improving the ontology’s quality and size is an urgent priority for the
CRF-based segmentation model. One possibility would be to use a more robust
approach, such as TaxoCon [57], to build the vocabularies associated with the
various sections. The sections can be seen as part of a topic hierarchy, and the
method’s primary goal is to generate new topics on that hierarchy and assign
them semantically related terms. This approach also opens the possibility of
further organizing our ontology— for example, by generating sub-topics Job

Title and Company Name under the Work Fxperience topic.

https://github.com/microsoft/unilm/tree/master/layoutreader


https://github.com/microsoft/unilm/tree/master/layoutreader
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Moving on to the transformers-based segmentation model, we can replace
the BERT model with a more state-of-the-art model like LayoutLMs [49],
an extension of BERT that considers the Layout information associated with
tokens. Our primary concern is improving the identification of the Other and
Summary sections since they have the worst results in our experiments.

Another relevant research direction would be investigating whether the
core ideas discussed in this thesis could be helpful when extracting information
from PDF documents in other domains. Some promising candidates are Legal,
Medical, and Financial documents. A concrete example would be invoices,
which contain a structure similar to a resume. They are electronic documents
issued by numerous companies containing sections describing information
about the seller, buyer, and goods transferred between the parties.

Finally, distancing ourselves from the scope of our work, we consider
three other interesting research directions.

The first is to unite the ideas proposed in this thesis with those proposed
in Vukadin et al. [13]. The union of both approaches would produce a model
capable of simultaneously extracting any resume’s sections, subsections, and
entities.

The second work is to develop a Job Posting Parser, focusing on extract-
ing the job responsibilities and skills described in the job posting. Ideally, the
parser would also be capable of determining whether a given skill is optional
or required. If the latter, the number of years of experience demanded. Build-
ing a high-quality dataset for this task should be trivial since millions of job
postings are available daily on job portals.

The third work is adapting the LayoutReader [33] to work with larger
textual elements. The original work suggests that this model does well even
when only taking into account the layout information of the tokens. Therefore,
it is natural to presume that the same must be valid when considering the
layout information of paragraphs, for example. The most significant impact
of this change is that the model would be language-agnostic and capable of
handling any arbitrary visual element embedded in the files, such as photos,

graphics, and tables.
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A
Common Resume Headings

Table A.1 displays the Resume Headings vocabulary. We examined
approximately 100 resumes and carefully selected the most prevalent headings
for each section type. In addition to Brazilian Portuguese, we included headings

in English to account for cases where some resumes incorporate both languages.

Table A.1: Common resume headings by section type.

SECTION TYPE \ HEADINGS

EDUCATION “ACADEMIC BACKGROUND”, “DADOS ACADEMICOS”, “EDUCACAO”, “EDUCACAO FORMACAO”, “EDUCATION”, “ED-
UCATIONAL BACKGROUND”, “ESCOLARIDADE”, “FORMACAO”, “FORMACAO ACADEMICA”, “FORMACAO E CURs0S”,
“FORMACAO EDUCACIONA ORMACAO ESCOLAR”, “FORMACOES ACADEMICAS”, “INFORMACAO ACADEMICA®

OBJECTIVE \ “GOAL”, “INTERESSES”, “OBJECTIVE”, “OBJETIVO”, “OBJETIVO PROFISSIONAL”, “PROFESSIONAL GOAL”

OTHER “ADDITIONAL INFORMATION”, “ADICIONAIS”, “APTIDOES COMPETENCIAS”, “AREA DE INTERESSE”, “ARTIGOS”,
TIVIDADE ADICIONA “ATIVIDADE COMPLEMENTAR”, “ATIVIDADES ADICIONAIS”, “ATIVIDADES ADICIONAIS”,
“ATIVIDADES COMPLEMENTARES”, “ATIVIDADES EXTRA CURRICULARES”, “ATIVIDADES EXTRACURRICULARES”,
“ATIVIDADES EXTRAS”, “AWARDS”, “CAPACITACOES CERTIFICACOES”, “CARGO DE INTERESSE”, “CARGO PRE-
TENDIDO”, “CERTIFICACAO”, “CERTIFICACOES”, “CERTIFICADO”, “CERTIFICADOS”, “CERTIFICATIONS”, “CERTIFICA-
TIONS AND LICENSES”, “COMPETENCES”, “COMPETENCIAS”, “COMPETENCIAS ADICIONAIS”, “COMPETENCIAS COM-
PORTAMENTAIS”, “COMPETENCIAS HABILIDADES”, “COMPETENCIAS PESSOAIS”, “COMPETENCIAS PROFISSIONAIS”,
“COMPETENCIAS TECNICAS”, “COMPUTER SKILLS”, “CONHECIMENTOS”, “CONHECIMENTOS ADICIONAIS”, “CONHEC-
IMENTOS COMPLEMENTARES”, “CONHECIMENTOS EM INFORMATICA”, “CONHECIMENTOS ESPECIFICOS”, “CONHECI-
MENTOS EXTRACURRICULARES”, “CONHECIMENTOS GERAIS”, “CONHECIMENTOS HABILIDADES”, “CONHECIMENTOS
Ip1OMAS”, “CONHECIMENTOS PROFISSIONAIS”, “CONHECIMENTOS TECNICOS”, “CoONQUISTAS”, “CURs0S”, “CUR-
S0s ADICIONAIS”, “CURSOS APERFEICOAMENTO PROFISSIONAL”, “CURSOS CERTIFICACOES”, “CURSOS COMPLE-
MENTARES”, “CURSOS DE EXTENSAO”, “CURSOS EXTRACURRICULARES”, “CURSOS EXTRAS”, “CURSOS EXTRAS CUR-
RICULARES”, “CURSOS FORMACAO COMPLEMENTAR”, “CURSOS SEMINARIOS”, “DADOS COMPLEMENTARES”, “DEFI-
CIENCIAS”, “DIPLOMA”, “DISTINCOES”, “EXPERIENCIA COMPLEMENTAR”, “EXPERIENCIAS INTERNACIONAIS”, “EXPE-
RIENCIAS PROFISSIONAIS COMPLEMENTARES”, “EXTRACURRICULAR ACTIVITIES”, “FERRAMENTAS”, “FORMACAO ACA-
DEMICA COMPLEMENTAR”, “FORMACAO COMPLEMENTAR”, “HABILIDADE”, “HABILIDADE COMPETENCIAS”, “HABILI-
DADES”, “HABILIDADES ADICIONAIS”, “HABILIDADES COMPETENCIAS”, “HABILIDADES CONHECIMENTOS”, “HABILI-
DADES ESPECIFICAS”, “HABILIDADES FERRAMENTAS”, “HABILIDADES IDIOMA”, “HABILIDADES INFORMATICA”, “HA-
BILIDADES PESSOAIS”, “HABILIDADES PROFISSIONAIS”, “HABILIDADES QUALIFICACOES”, “HABILIDADES SOFTWARES”,
“HABILIDADES TECNICAS”, “HONORS”, “HONRAS”, “IDIOMAS”, “IDIOMAS ESTRANGEIROS”, “IDIOMAS HABILIDADES”,
“IDIOMAS INFORMATICA”, “INFORMACAO EXTRA”, “INFORMACOES ADICIONAIS”, “INFORMACOES COMPLEMENTARES”,
“INFORMACOES EXTRAS”, “INFORMATICA”, “INFORMATICA CONHECIMENTOS HABILIDADES”, “INTERNATIONAL TRIPS”,
“KEY SKILLS”, “LANGUAGES”, “LINGUA ESTRANGEIRA”, “LINGUAGENS PROGRAMACAO”, “LINGUAS”, “LINGUAS Es-
TRANGEIRAS”, “LISTA COMPETENCIAS”, “OUTRAS ATIVIDADES”, “OUTRAS CERTIFICACOES”, “OUTRAS COMPETEN-
cIAS”, “OUTRAS FERRAMENTAS”, “OUTRAS HABILIDADES”, “OUTRAS INFORMACOES”, “OUTRAS INFORMACOES REL-
EVANTES”, “OUTRAS LINGUAS”, “OUTRAS QUALIFICACOES”, “OUTROS CONHECIMENTOS”, “OUTROS CURSOS”, “OuUT-
ROS IDIOMAS”, “OUTROS OBJETIVOS”, “PALESTRAS”, “PARTICIPACAO EVENTOS”, “PATENTES”, “PREMIOS”, “PREMIOS
RECONHECIMENTOS”, “PRETENSAO SALARIAL”, “PRINCIPAIS COMPETENCIAS”, “PRINCIPAIS HABILIDADES”, “PRIN-
CIPAIS HABILIDADES COMPETENCIAS”, “PRODUCAO BIBLIOGRAFICA”, “PUBLICACOES”, “PUBLICATIONS”, “QUALI-
FICACAO ATIVIDADES COMPLEMENTARES”, “QQUALIFICACOES ADICIONAIS”, “QUALIFICACOES ATIVIDADES COMPLE-
MENTARES”, “QUALIFICACOES ATIVIDADES PROFISSIONAIS”, “QUALIFICACOES COMPETENCIAS”, “QUALIFICACOES
COMPLEMENTARES”, “QUALIFICACOES CONHECIMENTOS”, “QUALIFICACOES CURSOS COMPLEMENTARES”, “(QUALIFI-
CACOES EXTRAS”, “QUALIFICACOES HABILIDADES”, “QUALIFICACOES INFORMACOES ADICIONAIS”, “RECONHECIMEN-
TOS”, “REFERENCIAS”, “REFERENCIAS PESSOAIS”, “REFERENCIAS PROFISSIONAIS”, “RESUMO COMPETENCIAS”, “RE-
SUMO HABILIDADES”, “RESUMO HABILIDADES COMPETENCIAS”, “SCHOLARSHIPS”, “SINTESE QUALIFICACOES COMPE-
TENCIAS”, “SKILLS”, “TECNOLOGIA “TREINAMENTOS”, “VIVENCIA INTERNACIONAL”, “VOLUNTEER WORK®

PERSONAL INFO “DADOSs PESSOAIS”, “INFORMACOES PESSOAIS”, “PERSONAL DATA”, “PERSONAL DETAILS”, “PERSONAL INFORMA-
“PERSONAL PROFILE®

SUMMARY “ABouT”, “ABOoUT ME”, “CARACTERISTICAS PESSOAIS”, “PERFIL”, “PERFIL PESSOAL”, “PERFIL PROFISSIONAL”,
“PRINCIPAIS QUALIFICACOES”, “PROFILE”, “QUALIFICACAO”, “QUALIFICACAO PROFISSIONAL”, “QUALIFICACOES PES-
SOAIS”, “QUALIFICATIONS”, “QUALIFICATIONS SUMMARY”, “RESUMO”, “RESUMO CURRICULO PROFISSIONAL”, “RE-
SUMO PROFISSIONAL”, “RESUMO QUALIFICACOES”, “SINTESE”, “SINTESE QUALIFICACOES”, “SINTESE PROFISSIONAL”,
“SOBRE”, “SOBRE MIM”, “SUMARIO”, “SUMARIO QUALIFICACOES”, “SUMMARY”, “SUMMARY OF QUALIFICATIONS®

WORK EXPERIENCE “ATUACAO PROFISSIONAL”, “DADOS PROFISSIONAIS”, “EMPLOYMENT”, “EMPLOYMENT HISTORY”, “EXPERIENCE”,
“EXPERIENCIA”, “EXPERIENCIA PROFISSIONAL”, “HISTORICO PROFISSIONAL”, “INFORMACAO PROFISSIONAL”, “PoOSI-
TIONS HELD”, “PRINCIPAIS EXPERIENCIAS PROFISSIONAIS”, “PROFESSIONAL BACKGROUND”, “PROFESSIONAL EXPE-
RIENCE”, “TRAJETORIA PROFISSIONAL”, “WORK EXPERIENCE"




B
Regarding the Use of the Item Suffix Strategy

To complement the experiments conducted in 5.3, we devised an addi-
tional experiment comparing the model’s performance when employing the
item suffix strategy proposed in Section 4.3.2 and not. For that, we trained
the CRF model with all manually selected attributes and fine-tuned the BERT
model under these two settings. Table B.1 displays the results obtained.

Our strategy improved the metrics of both models by a modest amount.
In most cases, the models handle the Fducation and Work Experience sections
and items well, whether or not they employed the suffix. Its addition occa-
sionally helped, given that it increased the F1-Score of these sections for both
levels of information. Moreover, it did not harm any result related to other
sections. Hence, it makes sense to use our proposed approach even though it

is a marginal gain.

Table B.1: F1-Score (in %) for the CRF and BERT models with and without
the item suffix strategy. True: The model used the item suffix. False: The
model did not use the item suffix.

LEVEL CRF BERT
FALSE TRUE FALSE TRUE

EDUCATION 88.74 £ 0.61 90.53 4+ 0.43 90.75 £+ 1.29 91.26 &+ 0.85

OBJECTIVE 86.34 £ 2.10 86.79 4+ 1.30 87.06 £ 2.73 88.09 &+ 2.15
% OTHER 77.02 £ 1.21 78.02 £+ 1.90 76.30 + 1.10 76.52 £+ 2.17
£ | PERSONAL INFO 89.24 & 2.12 88.86 * 2.49 89.64 &+ 1.95 91.63 =+ 1.80
S| SUMMARY 69.35 £ 2.09 71.40 + 0.90 73.31 £+ 4.55 73.60 &+ 3.08
N WorkK EXPERIENCE | 82.24 4+ 1.59 85.13 + 2.12 87.58 + 1.48 88.53 4+ 1.67

| AVERAGE |82.16 £ 0.82 83.46 + 1.16 84.11 £ 1.08 84.94 + 1.52

EDUCATION 70.53 £ 3.17 71.69 £ 2.74 80.52 + 2.67 81.22 + 2.61
2| WORK EXPERIENCE | 74.14 + 2.43 74.20 + 2.91 81.61 + 2.73 83.45 + 1.86
=
| AVERAGE |72.33 & 2.71 72.95 £ 2.64 81.07 + 2.39 82.33 £ 2.06




C
PDF Metadata Statistics

When we introduced the PDF format in Chapter 2.1, we commented
on the format’s support for optionally storing the Table of Contents and the
Logical Structure of the rendered content. As filling in this metadata may
facilitate the tasks worked on in this thesis, we counted their appearances in
the created datasets to understand whether it would be worth exploiting them.
We segment this information by the name of the writing software used. This
distinction is relevant since storing (or not) this information should arguably
be a software decision predominantly. It is reasonable to think that most users
are unaware of these metadata and their impact on the automatic extraction
of information.

We display the resultant distributions in Section C.1 for the Template
Classifier dataset and Section C.2 for the Resume Segmentation dataset.
According to the PDF documentation [11], the Table of Contents is located
in the field Outlines, while the Logical Structure is located in the field
StructTreeRoot. Furthermore, the name of the software used can be found
in the field Producer.

C.1
Template Classifier Dataset

Table C.1 shows the presence of a Logical Structure and Table of Contents
for the PDF files composing the Template Classifier dataset (see Section 5.2.2
for details). We segmented this information by the software tool used because,
as is clarified in the table, each tool has a different policy regarding the
existence of a logical structure and table of contents.

The software most frequently utilized comprises offerings from Microsoft
and Google (SkiaPDF). The dominance of these companies was not surprising,
given their provision of these tools free of charge, coupled with their standing
as market leaders in the technology sector, serving hundreds of millions of
users. Canva, another extensively employed software, owes its popularity to
its no-cost nature. Unlike the aforementioned options, Canva permits more
versatile document layouts, adding to its appeal.

Regarding the Logical Structure, it was only logical for Microsoft Word to
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Table C.1: The number of PDF files composing the Template Classifier dataset
encoding a Logical Structure and Table of Contents by the most used Software
Tools. For clarity, we grouped all versions of the same software into one
entry. The entry <Empty> means the producer property is empty in the file
metadata.

SOFTWARE TOOL LOGICAL STRUCTURE | TABLE OF CONTENTS | TOTAL
FALSE TRUE FALSE TRUE

MICROSOFT WORD 33 485 518 0 518
MICROSOFT WORD 9 270 279 0 279
FOR OFFICE 365
CANVA 204 0 204 0 204
SKIAPDF 144 0 144 0 144
<EMPTY> 84 34 107 11 118
MICROSOFT PrRINT TO PDF 98 0 98 0 98
AprAcHE FOP 1 82 83 0 83
ADOBE PDF LIBRARY 44 19 58 5 63
MICROSOFT POWERPOINT 0 44 44 0 44
QT 44 0 28 16 44
287 71 299 59 358
TOTAL | 948 1,005 | 1,862 91 | 1,953

incorporate this data, as the PDFs were generated from the standardized XML
format, DOCX. An intriguing observation is that SkiaPDF does not retain
this data despite its potential origin in a Microsoft Word-like application from
Google. Meanwhile, Canva lacks this data due to its emphasis on providing
flexible document layouts. Consequently, establishing an automatic logical
structure among its elements becomes an intricate task.

Regarding the Table of Contents, only a minority of documents include
such information. This scarcity can likely be justified by the requirement for
users to define section headers (via header styles) to trigger the generation of
this information. This demand for manual input seems somewhat unconven-

tional, which might explain its limited prevalence.

C.2
Resume Segmentation Dataset

Table C.2 shows the presence of a Logical Structure and Table of Contents
for the PDF files composing the Resume Segmentation dataset (see Section
5.3.1 for details). We segmented this information by the software tool used
because, as is clarified in the table, each tool has a different policy regarding
the existence of a logical structure and table of contents.

All the observations pertaining to the existence of the Table of Contents

and the Logical Structure, as discussed for the Template Classification dataset
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Table C.2: The number of PDF files composing the Resume Segmentation
dataset encoding a Logical Structure and Table of Contents by the most used
Software Tools. For clarity, we grouped all versions of the same software into

one entry. The entry <Empty> means the producer property is empty in the
file metadata.

SOFTWARE TOOL LOGICAL STRUCTURE | TABLE OF CONTENTS | TOTAL
FALSE TRUE FALSE TRUE
MIicrROSOFT WORD 14 296 310 0 310
MICROSOFT WORD 6 159 165 0 165
FOR OFFICE 365
SKIAPDF 116 0 116 0 116
AprAcHE FOP 11 94 105 0 105
<EMPTY> 42 57 85 14 99
MICROSOFT PRINT TO PDF 56 0 56 0 56
QT 55 0 10 45 55
LIBREOFFICE 25 0 21 4 25
GPL GHOSTSCRIPT 19 0 19 0 19
WWW.ILOVEPDF.COM 0 17 13 4 17
90 24 106 8 114
TOTAL | 434 647 | 1,006 75 1,081

in section C.1, hold true for the present dataset as well.

The sole additional matter that requires clarification pertains to the
absence of the Canva software when comparing the data presented in Tables
C.1 and C.2. The explanation behind this phenomenon is straightforward.
This particular dataset exclusively consists of files categorized under the I-
Column and 2-Columns templates, both of which are characterized by their
simplicity. Canva, on the other hand, is particularly renowned for enabling
the creation of more intricate layouts, falling under our defined category of
Complex. As a result, it is natural for Canva to be absent from this dataset,
given its focus on designs that are beyond the scope of the current dataset’s

designated classifications.
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