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ABSTRACT 

People access and share information over the web and in other digital environments, including 
digital libraries, in the form of documents such as books, articles, technical reports, etc. These 
documents are in a variety of formats, of which the Portable Document Format (PDF) is most widely 
used because of its emphasis on preserving the layout of the original material. The retrieval of 
relevant material from these derivative documents is challenging for information retrieval (IR) 
because the rich semantic structure of these documents is lost. The retrieval of important units such 
as images, figures, algorithms, mathematical formulas, and tables becomes a challenge. Among these 
elements, tables are particularly important because they can add value to the resource description, 
discovery, and accessibility of documents not only on the web but also in libraries if they are made 
retrievable and presentable to readers. Sighted users comprehend tables for sensemaking using 
visual cues, but blind and visually impaired users must rely on assistive technologies, including text-
to-speech and screen readers, to comprehend tables. However, these technologies do not pay 
sufficient attention to tables in order to effectively present tables to visually impaired individuals. 
Therefore, ways must be found to make tables in PDF documents not only retrievable but also 
comprehensible. Before developing such solutions, it is necessary to review the available assistive 
technologies, tools, and frameworks for their capabilities, strengths, and limitations from the 
comprehension perspective of blind and visually impaired people, along with suitable environments 
like digital libraries. We found no such review article that critically and analytically presents and 
evaluates these technologies. To fill this gap in the literature, this review paper reports on the current 
state of the accessibility of PDF documents, digital libraries, assistive technologies, tools, and 
frameworks that make PDF tables comprehensible and accessible to blind and visually impaired 
people. The study findings have implications for libraries, information sciences, and information 
retrieval. 

INTRODUCTION  

The web has a huge collection of documents, including pages, books, blogs, articles, reports, etc., 

available in different formats. These formats include HTML (HyperText Markup Language), EPUB 
(Electronic PUBlication), AZW (AmaZon Word), and the ubiquitous PDF (Portable Document 
Format) format. PDF is layout oriented and unstructured, having elements such as text, images, 
tables, and metadata. All these elements carry specific information and have their relative 
importance. Tables can be part of a structured or unstructured document. A structured table, like 
in HTML, is relatively easy to extract and interpret, as it has a starting and ending tag pair for the 
table itself, its headings, each row, and discrete values. However, unstructured documents, which 
can include books, journals, audio, video, images, and documents, do not follow a specified format 
or structure for the organization of information.1 A table has levels of abstraction; the higher levels 
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of abstraction have fewer details whereas a lower level gives more information. The human has to 
understand and comprehend the underlying semantics of the table content for sensemaking. The 
content of a table has a strong bond with its context, as it has concrete information regarding the 
surrounding text; therefore, tables are hard to comprehend when taken out of the context. Poorly 
conceived information is more dangerous, as it can lead to misconceptions and poor decisions. 
Any system or component that interacts with humans must be capable of offering comprehensible 
explanations.2 A reader understands a table in at least three cognitive processes: comprehension, 
searching, and interpretation & comparison.3 In contrast, blind and visually impaired persons need 
assistance in comprehending the tabulated information, for example, understanding table 
structure and its content, searching for particular information in a table, and comparing and 
interpreting tabular data. Therefore, they need technical solutions for reading documents.4 
According to the World Health Organization (WHO), the number of blind and visually impaired 
people has increased significantly and has risen to 2.2 billion, so technical solutions or assistive 
technology are a must for their reading.5 

Assistive technologies are supposed to handle the three main kinds of print disabilities: vision 
problems, motor skill problems, and cognitive problems.6 For vision problems we have tools like 
text-to-speech and screen readers to help blind and visually impaired people to read text 
documents. However, these tools work on the upper level of abstraction and give limited 
information to users because they focus on text and ignore components related to presentation 
such as tables, graphs, images, etc. This limitation is not only found on the web but also affects 
other digital environments including digital libraries, where more reliable document collections 
are present but their retrieval and presentation to blind and visually impaired people is 
challenging.7 For example, a study identified the limitations of digital libraries in meeting the 
specific needs of blind and visually impaired people and suggested including help features for a 
more user-friendly experience.8 Michigan State University has taken an initiative to make digital 
content accessible by adopting WCAG 2.0 as official technical guidelines. They presented a five-
year accessibility plan for making new, existing, and purchased content accessible along with 
resource allocations, training for their staff, and future requirements.9 These efforts may motivate 
other libraries to adopt such measures and make it a convenient place for people with disabilities. 
Common accessibility problems include the lack of alternate descriptions, using visual cues to 
describe interactions in the user interface, fuzzy visuals, and audios.10 Furthermore, the sight-
centered nature of the digital library creates problems for blind users, such as the absence of 
meaningful descriptions for nontext content and instructions, along with information about the 
digital library’s features due to missing textual or verbal instructions.11 The traditional usage of a 
digital library makes a canned or routine utilization of its collections, which may be broadened by 
making computational ready collections.12 The accessibility of these documents will help in 
knowledge dissemination to blind and visually impaired people.  

Researchers have presented frameworks and algorithms for exploring and interpreting PDF 
elements like images, charts, tables, and graphs. These interpretations are the basis for both 
humans and machines to gain meaningful insights out of tabular data. This paper highlights the 
significance of the rich semantics of PDF tables and the challenges in their interpretation and their 
presentation to blind and visually impaired people. It is proposed to present the tables’ explicit 
and implicit information in a progressive manner to reduce the cognitive overload on blind and 
visually impaired individuals. This might be achieved by providing some basic information (such 
as a table caption and the number of rows and columns in the table), which may be followed by 
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navigation and querying within the table. This stepwise approach of leveraging a table’s semantics 
may help in its better comprehension. Table semantics will also be helpful in libraries, information 
science, and information retrieval, as it has the potential to improve library cataloging and 
classification. The next section of this paper discusses and reviews the efforts and limitations in 
the existing literature and presents a general model of table processing and interpretation. The 
prominent issues and challenges are identified regarding general table structure, format, 
interpretations, and evaluation; the presentation of tables to blind and visually impaired people; 
and specifically the accessibility issues in digital library are presented in the following section. The 
last section contains some future research directions that will unleash some new dynamics of this 
domain. 

THE CURRENT STATE OF TABLE PROCESSING 

A table presents summarized information in a particular arrangement, where the structure of the 
table reveals some implicit semantics. In 1996, Xinxin Wang defined the logical structure and style 
rules of tables and presents Wang’s abstract model.13 The model separated the logical structure 
from layout specification and is considered a generic and complete model in the literature.14 
Unstructured tables can be regular or irregular. A regular table has intersecting vertical and 
horizontal borders that develops a table of cell bounding boxes, while in an irregular table, there is 
no relationship between the number of rows and columns.15 Tables can be n-dimensional, having 
spanning cells or multiline cells. Tables can be long and span multiple pages and they can be 
floating (can be placed to the left or right of the page, with text wrapped around them). Sometimes 
tables have no explicit boundaries and even worse, cell separators may not be visible. A table can 
have a variety of content that includes numerical data, text, symbols, images, and equations.16 The 
location of table and identification of table structure in documents is evaluated in the 
International Conference on Document Analysis and Recognition (ICDAR) table competition.17 The 
methods used for the identification of table structure are rule-based methods, 18 data-driven 
methods,19 and the graphical neural network.20  

Multiple frameworks and approaches are used for the extraction and processing of tables from 
structured documents like HTML,21 and unstructured documents like images and PDF 
documents.22 Keeping in view all the conducted studies and research, we present a general model 
of table processing and interpretation in figure 1, showing the prominent inputs (web, PDF, and 
images), processes, and some notable outputs. The model has a table extraction process that is 
followed by processing which yields multiple outputs including organized data, analyzed 
structure, and analyzed content. Processing can be followed by establishing relationships within 
the table, within table and context, or with other related tables. Moreover, tables presented in 
open formats such as CSV, XML, JSON, and RDF extend their potential by exploration, creating or 
extending ontologies and knowledge bases, and publishing tables on an LOD cloud to establish 
links with other open data sources. Below is a detailed discussion of table extraction and 
processing and the relationships of tables with content and context. 
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Figure 1. A general model for table interpretation. 

Table Extraction and Processing 
The recognition, extraction, and processing of tables, from a variety of documents, have used 
multiple approaches.23 The hidden table semantics will not only help in understanding tables but 
can also contribute to digital library cataloging. These approaches are categorized in the following 
sections. 

Using Heuristics 
Different heuristic approaches are presented for extraction and processing of unstructured tables. 
For example, PDFTREX uses spatial features and follows a bottom up approach for the recognition 
and extraction of tables. It represents a table as a two-dimensional grid on a Cartesian plane and 
extracts the table as a set of cells along with their coordinates.24 In another approach, natural 
language processing (NLP) features are used for deeper understanding of text. These tools use 
parts of speech and dependency paths for the extraction of tables and for finding relations among 
tables by using the NLP toolkit.25 Milosevic et al. presented five steps for table processing, i.e., 
table detection, functional analysis, structural analysis, synthetic analysis, and semantic analysis,26 
while Roya Rastan endorses the first three steps in his PhD dissertation and proposed a 
framework for the processing of tables. This framework consists of four layers: input 
management, table processing, storage, and management.27 To recognize and extract tables from 
documents, ad hoc heuristics are used with the existing methods and techniques, which includes 
three steps: (1) “preprocessing” to define and prepare text chunks from a source table by using the 
features of text like font, space, and bounding box; (2) “text block recovering” to identify the set of 
text chunks that could be treated as the content of a single cell; and (3) “cell recovering” to 
observe the arrangement of cells for identifying the rows and columns.28 The authors exploited 
appearance features of text printing instructions and position of drawing cursor for table 
detection and structure recognition in their web-based solution. They claimed to attain an 
accuracy or F-score of 83.18% for table extraction and 93.64% for structure recognition.29 
Furthermore, an interactive document reader was presented by the researchers of Stanford 
University, in which structural analysis was combined with rule-based matching and natural 
language processing to associate a table’s values with the related text to develop sentence-table 
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pairs in the document. They also tried to relate tables in two data sets but unfortunately obtained 
48.8 % results.30 Although the results were not satisfactory, this effort opens up new endeavors 
for practitioners and researchers. 

Using Segmentation  
The segmentation approach is used for identification of tables in unstructured and untagged PDF 
documents, along with its columns and rows.31 Visual separators and geometric content layout 
information is used for the extraction of tables from multiple pages of documents, and the 
technique is tested on e-books and scientific documents.32 Ali et al. adopted a segmentation 
approach to deal with incomplete, impure, and complex tables by extracting table schema, data, 
and reading paths of data to represent in a layout independent format.33 The extraction of tables 
from images also used segmentation through a top-down pipeline approach. The text and tables in 
medical laboratory reports were identified, where the content of tables needs to be correctly 
captured and interpreted.34 As the medical tables include text, numbers, characters, and symbols, 
therefore, their correct interpretations is critical in medical reports and a minor error can lead to 
very dangerous outcomes. 

A system named TEXUS used segmentation to prepare text chunks for finding relations among 
cells. The system provided end-to-end processing of tables, which claimed to detect a variety of 
tables in layout-independent format from a data set of complex financial tables. The system 
interpreted the tables and produced an XML file about the structure of the tables showing the 
access paths of each data cell as an attribute.35 Similarly, page segmentation is carried out by using 
deep learning methods to identify tables, text, and figures.36  

Using Machine Learning and Deep Learning Approaches  
Machine learning and deep learning techniques are also used for automatic detection and 
extraction of table data. Random forest classifiers are used to detect a table header.37 Multitask 
fully convolutional neural networks (FCN) are used for page segmentation to identify the tables, 
text block, and figure elements.38 The K-nearest neighbor method and layout heuristics are used in 
a system named TAO for the automatic detection, extraction, and organization of data in tables in 
order to generate an enriched representation of data.39 Similarly, deep learning techniques like R-
CNN are used to capture tables from a University of Las Vegas data set of document images. Based 
on the assumption that tabular data is mostly numeric, the researchers used 
color-coding/coloration to distinguish numeric and textual data and claim to have achieved 
improved performance.40 Table detection and recognition in born-digital documents and images is 
carried out by using transfer learning for faster R-CNN in order to overcome the problem of 
labeled data sets and FCN semantic segmentation is used for table structure recognition. The 
method is evaluated using the ICDAR 2013 data set.41 Another approach, named DeCNT, worked 
on images (in any format) for the extraction of tables by using a combination of deformable CNN 
with faster R-CNN/FPN. The method is evaluated using the ICDAR 2013 data set and the ICDAR 
2017 POD data set, UNLV, Mormont.42  

In other research, the authors pointed out the weakness in the existing methods and techniques 
for understanding tables and presented a “graph neural network” approach to analyze the 
structure of PDF tables and handle the spanning cells.43 Along with that, multiple deep learning 
techniques are used for integrating and querying tables using word embedding, RNN, KNN, and 
LSTM for the classification of financial tables.44 In the case of web tables, annotation of table 
columns is performed by using Convolutional Neural Network (CNN) along with transfer learning 



INFORMATION TECHNOLOGY AND LIBRARIES  SEPTEMBER 2021 

ACCESSIBILITY OF TABLES IN PDF DOCUMENTS | FAYYAZ, KHUSRO, AND ULLAH 6 

in order to overcome the problem of a shortage of target data sets. The column semantics are 
embedded into vector space and are used for predicting the type of columns without using the 
metadata. The method is tested on two web table data sets, T2Dv2 and Limaye.45  

Using Ontologies 
Ontologies have also played a vital role in the detection, recognition, and annotation of tables from 
the web, images, and PDF documents. Ontologies consider the content and structure of a table for 
their conceptual representation. A system named TableMiner was used to interpret the tables 
semantically by identifying the semantic concepts for the columns and disambiguating the cell 
content by using RDFa and microdata for improved annotations of the table.46 TableMiner 
considered relational tables and mapped the headers of table with the properties of ontology for 
linking the cell values with entities.47 The relationships between a table and its context are also 
extracted and annotated, and to remove disambiguation, the provenance of relationships is 
preserved.48 A framework named TABEL, developed by Varish Mulwad, has a module for 
converting a table to a graphical model to infer the semantics of table header, cells, and their 
relation to each other. These semantics are used to convert the graphical representation to RDF 
triples by using knowledge bases along with the author’s own defined ontology or any other 
ontology.49 The ontology is also used for finding the relevant tables in a domain of technical 
documents only.50 For easy interpretation by ontologies and more usability of the government 
data, the unstructured tabular data is suggested to be published in open format like CSV (comma 
separated value).51 The studies mentioned above have mostly used relational tables, technical 
document tables, government data, and medical data with a main objective of making tables open 
and interrelated. Along with that, another study argued that besides the metadata of a resource, 
user-generated content may also be considered and published as linked open data for improved 
consumption and would also contribute to better cataloging of digital libraries.52 Unfortunately, it 
still has problems like disambiguation and correlation of complex tables, besides other issues 
involved in publishing and consuming data as open and linked data.53  

Relationship of Tables with Content and Context 
The content of a table is present in a particular arrangement in order to give some specific 
information. Therefore, the table content should be interpreted for the hidden semantics among 
the cell content, context, and with other related tables in a particular domain. In this regard, 
natural language techniques are used for the identification of relationships in the table and the 
related text using the NLP toolkit. The researchers claimed improvement in table schema 
identification and quality of relation.54 Similarly, ontologies are used to identify the semantic 
relations among the text, table contents, and table structure.55 Another research project used rule-
based matching and structural analysis for finding the relationship in table cell and sentence text, 
by developing sentence-table pair in the document. This project tried to develop a relationship 
between tables of two data sets but achieved only 48.8% success rate.56  

A system named TEXUS tried to find out the relations among the values of cells using cell entries, 
categories, and access paths. They used segmentation techniques for preparation of text chunks 
and produced an XML file about the structure of the table showing the access paths of each data 
cell as an attribute.57 Narrowing the table-understanding domain to clinical literature, with a focus 
on just the numerical and textual data of tables from XML documents, Milosevic et al. extended 
their previous work and tried to identify the relationship between the table and the surrounding 
text. They added pragmatic analysis, cell selection, and syntactic analysis, defined five categories 
of cells, depending upon the data in the cells, and identified seven semantic categories for the 
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specification of table extraction process. The PubMedCentral data set is used to test the developed 
system with regard to task, variables and complexity. The authors claimed to achieve an accuracy 
measure F-score between 82% and 92%.58 A “graph neural network” model was developed to 
build an undirected graph for the prediction of relations among adjacent cells. The model was 
tested on benchmark data sets, i.e., ICDAR 2013 and tableBank-2019, and claimed to outperform.59 
Another system, named Tablepedia, unified the tables of experimental results with regard to 
method, data set, metric, score, and source into tuples. The system extracted the related tables and 
identified the conflicted results by using the rule-based and learning-based methods with the help 
of SQL operations.60 An SQL-like query was proposed for the financial tables in PDF formats by 
using deep learning approaches.61 All the mentioned techniques for establishing relationships 
follow the rule-based, learning-based, segmentation, neural network, heuristics, and ontologies. 
Among these, the ontologies can establish inter domain relationships and explorations. However, 
it still has issues that will be discussed in the conclusion section.  

Existing Accessibility-Driven Solutions for PDF Documents  

Apart from the systems and frameworks for table understanding and processing, a mechanism or 
a solution is needed to present tables in a meaningful way to blind and visually impaired people. 
The accessibility of digital documents is based on the captured structural information and its 
availability for processing by other software and applications, such as tagged PDF, can help in 
summarizing, navigating, and providing structural information of the content.62 Nazimi made an 
effort to present a framework for understanding the complex documents and its components, 
including images, charts, and tables, in a nonvisual representation to blind and visually impaired 
people.63 The existing available solutions for reading PDF documents to blind and visually 
impaired people focus on text and give little attention to its elements such as tables, images, 
graphs, and charts. Particularly speaking for tables, these solutions either read the table caption 
and ignore the content, or read the table as if it were text, which renders it meaningless. These 
assistive technologies are divided into four main categories. 

1. Text-to-speech tools 
2. Screen readers 
3. Voice assistant 
4. Natural Language Generator (NLG) 

Text to speech tools include products like WordTalk, Virtual Speaker, Audiobook Reader Voice, 
Voicepaper, Dream Reader, etc. These tools can read text from txt, PDF, or doc files aloud and have 
an interface for user interaction, where the user can copy-paste the text or mention the path of the 
file to read. Some of the tools are free with limited features while others are proprietary. They 
need human interaction, which might be difficult to use for a visually impaired or blind person. 
Screen Readers include JAWS, NVDA, COBRA, VoiceOver, and Talkback. They speak out every user 
activity that is taking place, like opening or closing a window, clicking on a button, reading text 
from a txt or PDF file. These tools are helpful for visually impaired people, as they do not need the 
user to open a specific software and then specify the path of files to read. The most popular tool, 
JAWS, is proprietary and used for Windows. NVDA is free software for Windows, while VoiceOver 
is a free tool provided with Apple’s operating systems (including macOS and iOS). NVDA reads the 
text, taking note of punctuation; it reads the table row by row like text and then reads the caption 
of the table at the end. It can also read the alternate text of the table if it is included in Acrobat Pro. 
These tools need the user to be aware of what he or she is doing. 
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Similarly, there are voice assistants like Apple Siri, Microsoft Cortana, Google Assistant, and 
Amazon Alexa. All these tools take instructions from the user and then try to provide solutions. 
These tools may ask users several queries to clarify what they want and provide limited 
functionalities such as reading out GPS coordinates, playing music, etc. The Natural Language 
Generator (NLG) is used to convert raw text or data into narrations. Existing popular systems or 
tools include ARRIA NLG, Quill, IBM Watson, AX NLG Cloud, Amazon Polly, and Wordsmith. These 
systems are used to perform data analysis and convert the extracted analytics to narrations, which 
could be easily understand by the user. These tools are not for narrating tables from unstructured 
documents. However, a framework has been developed using a neural encoder-decoder to 
generate text from tables. It is claimed that the solution outperformed the existing solutions and 
achieved higher BLEU score and F-score using data sets WEATHERGOV, WIKIBIO, WIKITABLE, 
and a Chinese data set WIKIBIOCN.64 This technique focuses on formal tables and ignores complex 
tables as well as unstructured PDF.  

A new emerging category in this paradigm is the document-centered assistant, which tries to help 
users review documents by asking questions. The field is currently studied for the type of 
questions that a user may ask and the candidate machine learning models that can be used for 
answering them. The questions would be different from factoid questions and chitchat, because 
here the focus would be on relevant information from that specific document.65 This category 
seems to have a big scope for understanding, reviewing, and inferring knowledge from documents. 

Apart from the solutions mentioned above, there are some Java and Python tools and libraries that 
are used for table extraction from PDF documents and are shown in table 1. Some of the tools are 
commercial and claim to extract tables, table rows, and even table cells from documents and 
images, like PDFTables, DocParser, and PDFTron. Similarly, there are also open-source Java and 
Python libraries for table and metadata extraction from images and documents. The libraries that 
extract tables from images are Camelot, Excalibur, and PDFPlumber, whereas the libraries that 
extract tables from non-image-based documents are Tabula, PyPDF2, PDF Table Extractor, 
PDFPlumber, and PDFMiner. Among these five, PDF Table Extractor is browser-based and 
PDFMiner works with structured tables and digs out the semantic relations. For working with 
unstructured tables in PDF documents and developing a table extractor component for an 
integrated environment, Tabula, PDFPlumber, and PyPDF2 might be better choices. 

The research and solutions mentioned above regarding table detection and understanding are 
carried out to make them meaningful to machines and humans who have no visual impairment or 
dyslexia. Therefore, the future documentation may consider the inclusion of translations and lay 
summaries (concise descriptions in simple words) of objects or elements within the document, as 
essential components, to make them accessible to blind and visually impaired individuals as 
well.66 In this regard, the World Wide Web Consortium (W3C) developed the Web Accessibility 
Guidelines for developing web documents to make the nontext elements accessible. These 
guidelines include elements such as captions for tables and figures, description of figures, and 
summaries of the tables.67 Similarly, HTML has tags to include summaries of a table, including 
<summary>, <span>, <p id= “tblDEsc”>. Microsoft Word has an option “text alternative” to add a 
description of a table or figure for visually impaired people, who will use screen readers for 
reading the document. Adobe Acrobat Reader also has an accessibility pane to tag tables and add 
alternative text and descriptions of tables, which is used by the NVDA screen reader to read aloud. 
Moreover, CommonLook Office, whose motto is “build accessibility into documents early,” has 
add-ins for Microsoft Word or PowerPoint to add enough accessibility content to the documents to  
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Table 1. Solutions and libraries for table extraction and processing. 

S 
no. 

Tools Open 
source 

Image 
based 

Comments 

1 Tabula Y N Extracts data tables from PDF and saves as CSV or Excel 
spreadsheet. It works on native PDF files and cannot extract 
scanned tables. It supports multiple platforms but does not 
support batch processing.  

2 PDFTables N N Extracts page, table, table row, and even table cell. It is a fully 
automated API. It supports multiple platforms and multiple 
programming languages. 

3 DocParser N Y Extracts information from images and forms. It is a cloud-based 
application and supports batch processing. It parses the 
documents and offers more features but needs human 
intervention. It shows poor accuracy in handwritten 
application forms. 

4 PDFTron N N Supports multiple platforms and multiple programming 
languages. 

5 Camelot Y Y A Python library that extracts table from images. It has built-in 
OCR. 

6 Excalibur Y Y A web-based solution which is powered by Camelot. 
7 PyPDF2 Y N A Python library that can do batch processing with multiple 

files. 
8 PDFPlumber Y Y A Python library built on PDFMiner. 
9 PDF Table 

Extractor 

Y N A web-based tool built on Tabula. It supports scraping of 
multiple page tables and comparison of cell values. 

10 PDFMiner Y N A Python library that extracts information like location, fonts, 

and lines of the text. It focuses on analyzing text. It has a PDF 

parser. It figures out the semantic relationships among 
structured tables. 

 

make the resulting PDF accessible. However, already-developed unstructured documents, without 
any accessibility features, still need some measures to make the documents understandable to 
visually impaired or blind users. 

Keeping in mind the statistics of visually impaired people and the unstructured data of the 
future—the global data sphere will grow from 33ZB to 175ZB and 80% of this worldwide data will 
be unstructured—visually impaired individuals cannot be ignored for their access to knowledge.68 
Therefore, we would need mechanisms for making these unstructured documents understandable 
to as many people as possible by incorporating accessibility measures in the document readers. 
The following section highlights some of the key issues in this domain. 

ISSUES AND CHALLENGES IN THE EXISTING SYSTEMS 

Tables can be utilized in multiple scenarios including information extraction, table search, 
ontology engineering, conversion to DBMS, and document engineering.69 The situation becomes 
difficult when a blind or visually impaired person needs to understand the tables. The issues and 
challenges in dealing with PDF tables are categorized in the following sections. 

https://tabula.technology/
https://pdftables.com/
https://docparser.com/
https://www.pdftron.com/
https://resourcegovernance.org/analysis-tools/tools/pdf-table-extractor
https://resourcegovernance.org/analysis-tools/tools/pdf-table-extractor
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Table Structure  
Tables in PDF documents need more focus on table structure detection because they do not follow 
a defined formal structure.70 Several knowledge gaps are identified in literature regarding table 
structure, such as the identification of functional areas of tables, for which Silva argued the use of 
multiple heuristics and machine learning algorithms in parallel or in sequence.71 The variety of 
structural layouts creates problems in their identification, which can be handled by defining more 
rules at the lexical and syntactic layer of table processing. This could also be fruitful for better 
semantic annotations.72 In addition, the variety of cell content or inconsistent cell content, along 
with implicit header cells, creates problems in understanding the tables, especially by machines.73 
The vector representation of web tables may be applied to PDF tables for semantic annotations 
and identification of column types.74 Along with that approach, graphical representation and a 
graphical neural network (GNN) can also be used for better structure identification in multiple 
domains.75 New data sets need to be introduced for structure recognition in various domains, 
including business and finance, as they use a huge amount of tables in their documents.76 From the 
discussion above, the table structure inconsistencies, cell content inconsistencies, functional and 
logical processing of tables needs more research effort to eliminate the stated problems. Along 
with that, the inclusion of more data sets will also help in handling the diversity in the field.  

Table Formats 
The existing format of tables in PDF lacks the metadata needed for further processing; therefore, 
the conversion of PDF tables to other formats, especially open formats, will open new endeavors. 
Some researchers have worked on converting tables to CSV format, which retains the basic 
structure but lacks some cell formatting. Researchers worked on the transformation of web tables 
to relational tables for easy manipulation.77 In contrast, XML can handle complex data and is more 
easily read by humans. Therefore, a methodology is presented to work on tables in XML format, 
but it considers tables having text and numerical data only.78 JSON, another format, can also be 
used as an alternative to XML; it is smaller in size than the XML and can handle complex and 
hierarchical data. The JSON format has less support than XML but is preferred for web application 
due to its interoperability and lightweight features.  

Table Interpretation 
The variable representation patterns of table values, dense content and natural language 
processing create problems in the correct interpretation of tables.79 Anaphoric resolution 
techniques and documenting level discourse parsers are suggested to handle complex references 
among multiple domains.80 Moreover, handling the locality features of a table and the annotation 
of its property feature can lead to better interpretation of tables.81 The use of a knowledge base is 
suggested for understanding and annotating the relationships among tables and text to get more 
information about the extracted entities from tables and text.82 Similarly, the extraction of data 
and its precision in medical and financial tables is an issue that needs the attention of researchers, 
as both fields have crucial and important data in its tables. 83 For easy interpretation of tables, 
machine learning classifiers, based on table headings and captions, can be used to classify them 
into their respective domain.84 The relationship of tables in a specific domain and or among 
multiple domains can be achieved by developing ontologies.85 This will enable the tables to be 
published on an LOD cloud that will establish more relationships and infer insights from multiple 
domains. 
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Table Evaluation 
Most of the researchers working on PDF tables have tried to evaluate their work with popular data 
sets such as ICDAR 2013, ICDAR 2015, ICDAR 2017 POD, PubMed, UNLV, and Mormont. As we 
have PDF documents in multiple domains, therefore, new data sets should be introduced for 
structure recognition, especially in business and finance, as these domains use a large number of 
tables in their documents.86 An evaluation methodology was proposed for table detection, 
structure recognition, and its functional and semantic analysis.87 Unfortunately, there are no 
standard metrics, parameters, and formal methodology for table processing evaluation.88 
Therefore, standard evaluation metrics should be defined for PDF tables, in order to standardize 
the evaluation of algorithms and frameworks.  

Table Presentation to Blind and Visually Impaired Users 
The available tools and techniques for reading aloud documents to blind and visually impaired 
people either read the table caption only and ignore the content or treat the tables as text and read 
the rows line by line. This does not help these users to understand the semantics of the table and 
its content. Besides the content of the table, its layout shows grouping and connections among the 
content which is not presented to blind and visually impaired people by current solutions.89 
Therefore, tools and screen readers need to present tables in nonvisual format or give a 
summarized view of tables by following the guidelines of W3C, instead of reading the table like 
text.90 The summarized view of tables can become part of bibliographic metadata and can 
contribute in cataloging in the perspective of linked and open data.91 A study highlighted the 
accessibility of published PDF articles by four journal publishers and presented the findings in 
graphs to show the trend from 2009 to 2013, by taking parameters including meaningful title, 
alternate text for images, and logical reading order.92 The author further applied the same 
methodology to analyze the articles published in next four years (2014 to 2018) and came to the 
conclusion that accessibility of PDF documents had improved. However, the journal publishers, 
who should be more aware of disability and accessibility, did not consistently follow the PDF/UA 
accessibility requirements and WCAG 2.0 when producing PDF versions of their articles.93 
Therefore, visually impaired individuals should be provided with a mechanism for understanding 
the digital content and underlying semantics at multiple levels of abstractions, like the general 
information about the document and its elements—including tables—its structure and content, 
navigation in the table, and querying the table to get more details and lessen cognitive overload.  

Accessibility of Digital Library Collection 
The accessibility of large-scale digital library collections can enhance content for sighted as well as 
visually impaired users. The traditional utilization of digital library collections needs to be 
broadened by making computation-ready collections meant to be used and consumed in multiple 
domains.94 An effort was made by researchers to digitize and archive a digital repository of images 
and convert them to PDF/A documents but, unfortunately, the researchers came up with limited 
semantics as they did not consider the elements within the documents themselves.95 The 
accessibility of these converted documents may be compromised with these limited semantics. 
The rich semantics of tables can be used in the bibliographic classification of a digital library’s 
collection to increase the search width of the digital library.96 Blind and visually impaired users 
can be assisted in using digital libraries, as they may need help at physical and cognitive levels. At 
the physical level, the blind may face difficulty in accessing information, identifying path and 
status, and efficiently evaluating information. At the cognitive level, they may face problems in 
understanding multiple structures, programs, information, features of the digital library, and the 
need to stick to some specific formats. Therefore, the inclusion of help features will make the 
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digital library friendly to blind and visually impaired people by incorporating meaningful 
descriptions for nontextual elements.97 The sight-centered nature of the digital library creates 
problems for blind and visually impaired users due to missing textual or verbal instructions. Some 
researchers identified the inclusion of labels and meaningful descriptions for hyperlinks, 
instructions, structure, multimedia content and nontext content to make digital libraries friendly 
to blind and visually impaired people.98 At the same time, others argue for improvement in 
usability by introducing help features in terms of usefulness, ease of use, and user satisfaction.99 
The accessibility of digital libraries in general and its content in specific may be improved by 
accommodating help features in the interface and meaningful descriptions for the contents’ 
nontext elements including tables. 

CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS  

This study discusses the accessibility of tables included in PDF documents in general as well as in 
the specific environment of digital libraries. Existing frameworks, algorithms, and solutions for the 
processing and interpretation of PDF tables, specifically their presentation to blind and visually 
impaired people, are thoroughly discussed. A general workflow of table processing is also 
presented in figure 1. The available solutions for reading out PDF documents to blind and visually 
impaired people are analyzed for their output, specifically for their attitude towards handling 
tables. Furthermore, a list of resources for table interpretation and presentation are discussed 
along with their different features. The issues and challenges in table structure, format, 
interpretation, evaluation, its presentation to blind, and accessibility of digital library collection 
are discussed. The researchers working in the domain of accessibility, digital library, and PDF 
tables can extend and modify the current solutions and algorithms by following the future 
research directions given below.  

• The structure of a table has implicit semantic information which a sighted reader can infer 
but a blind reader needs assistance to understand. The structure of a PDF table is extracted 
using multiple approaches like heuristics, ontologies, machine learning and segmentation, 
whereas vectors are used for a web table.100 Therefore, the combinations of multiple 
approaches and use of vectors for PDF tables may produce better results.  

• The content of a table is usually numeric or very short text and needs proper 
interpretation. Therefore, a knowledge base can be used to get more information about the 
extracted entities from tables and text in order to understand and annotate the 
relationships among tables and text.101 These knowledge bases can be predetermined or 
may be selected automatically according to the table content or domain. 

• Table interpretation can become easy if tables are classified according to their domains by 
using machine learning classifiers. The classification can be based on table headings and 
captions, as well as the title and author of the document.102  

• Ontologies are used to relate the tables in a specific domain and or among multiple 
domains, and publishing them on an LOD cloud will establish new relationships.103 This 
will help in inferring new insights from complex, long, and numerical tables. 

• Unstructured data and content can be made available for multiple usage and 
interpretations if it is converted to open formats like CSV, JSON and XML.104 Among these, 
CSV comes with repeated content, XML needs special parsers, whereas JSON is lightweight 
and easy to write and read.105 It has support from NoSQL databases like MongoDB and 
Apache CouchDB, and web Application APIs like Twitter, You Tube, and Facebook. 
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Therefore, JSON might be a better option for the conversion of PDF tables for its multiple 
interpretation and navigation within tables.  

• The processes used for evaluation of tables have no defined matrices.106 Therefore, the 
table evaluation processes should be defined with their respective matrices in order to 
standardize the research in this domain. 

• The precision of extracted content of table is very crucial especially in medical, financial, 
and experimental tables that have numeric data. Therefore, the preprocessing of tables or 
conversion to other formats would need more attention to avoid any truncation or round 
off of the data.  

• The presentation of tables to blind or visually impaired people can be in nonvisual or 
summarized form.107 The summaries may be presented nonvisually, including the 
structural layout as well as a brief introduction of the table, to minimize the cognitive 
overload on these individuals.  

• To evaluate the accessibility of digital library interfaces, 16 heuristics were proposed to 
make the digital libraries in reach of users, however, more heuristics are needed to make 
generalized interfaces for all individuals.108 

• The nontext elements of digital library collections should have meaningful descriptions for 
better understandability of blind and visually impaired individuals. The user-generated 
content about these nontext elements could be used for cataloging.109 

• The rich semantics of tables can be exploited for cataloging and classification that will be 
helpful in exploratory searching. 

• As the Michigan State University Libraries has taken the initiative of assessing and 
improving the accessibility of digital library content by adopting the WCAG guidelines, 
other libraries can also adopt the model for providing accessible content to their users 
including blind and visually impaired individuals.  

• The development of new data sets for tables in multiple domains can facilitate the 
researchers in interpreting tables and establishing relationships in cross-domains. 

This review paper is an attempt to highlight the knowledge gap in processing the PDF tables and 
its accessibility for blind and visually impaired individuals. An efficient and open-source solution 
for making PDF documents accessible to blind and visually impaired people needs to exploit the 
heuristics, ontologies, machine learning, and deep learning by using open-source libraries and 
tools for understanding and interpreting the tabular content in order to reduce information 
overload.  
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