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The Ninth International Conference on Building and Exploring Web Based Environments (WEB
2021), held between May 30 – June 3rd, 2021, continued the inaugural conference on web-related
theoretical and practical aspects, focusing on identifying challenges for building web-based useful
services and applications, and for effectively extracting and integrating knowledge from the Web,
enterprise data, and social media.

The Web has changed the way we share knowledge, the way we design distributed services and
applications, the way we access large volumes of data, and the way we position ourselves with our
peers.

Successful exploitation of web-based concepts by web communities lies on the integration of
traditional data management techniques and semantic information into web-based frameworks and
systems.

We take here the opportunity to warmly thank all the members of the WEB 2021 Technical
Program Committee, as well as the numerous reviewers. The creation of such a high quality conference
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who dedicated much of their time and efforts to contribute to WEB 2021. We truly believe that, thanks
to all these efforts, the final conference program consisted of top quality contributions.

Also, this event could not have been a reality without the support of many individuals,
organizations, and sponsors. We are grateful to the members of the WEB 2021 organizing committee for
their help in handling the logistics and for their work to make this professional meeting a success.

We hope that WEB 2021 was a successful international forum for the exchange of ideas and
results between academia and industry and for the promotion of progress in the field of Web-based
environments.

We are convinced that the participants found the event useful and communications very open.
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Abstract—In recent years, while TV dramas are being broad-
cast, many comments and discussions on the dramas are posted
on Twitter, which are called “live tweets.” After watching a
drama, users can search for live tweets about scenes of interest to
them, enjoy the impressions of other viewers, and deepen their
thinking from a different perspective. However, in the current
Twitter search function, even if the user searches for a keyword
of the target scene, the tweets including the keyword are only
presented in order of time, and it takes time for users to find
the live tweets of the scene the user is interested in. This paper
proposes an interface that can efficiently look back at dramas
using live tweets by visualizing the similarity distribution of
keywords by time for live tweets posted during the drama based
on keywords entered by the user.

Index Terms—Twitter; social viewing; live tweeting; TV
drama; looking back.

I. INTRODUCTION

In recent years, Social Networking Services (SNS) have
become widespread worldwide. In particular, Twitter can be
considered as one of the most popular SNSs that are used
on a daily basis for a variety of purposes, including the
dissemination of opinions and communication.

In this context, social viewing, where people post live tweets
while watching a TV program, is becoming more and more
popular. Live tweets are tweets posted while watching a TV
program that include real-time reactions to the program, such
as comments and opinions. By posting live tweets, SNS users
can discuss the same programs with other users via Twitter,
just as they normally do with their family and friends while
watching TV programs.

Social viewing is not only fun for users who post live tweets,
but also for users who only view the tweets without posting
them. In this study, we focus on live-tweeting after watching
TV dramas, where viewers may want to know what others
think about a scene that left a strong impression on them or
a scene that they have questions about. In such cases, they
can look at the live tweets of other viewers of the scene and
sympathize with the tweets that have similar opinions, or gain
new knowledge by seeing tweets with a different perspective.

Viewing live tweets can allow viewers to look back at the
content of the drama and enjoy the aftermath of the program
more deeply. However, many live tweets can be posted for
TV programs, and it is necessary to find the live tweets for
the desired scene among them. In this paper, we propose a
novel interface for finding live tweets of TV dramas. The term
“TV drama looking back search” refers to the search for actual

tweets for a specific scene in order to look back on the content
of a drama after viewing.

In the conventional Twitter search function, live tweets
can be retrieved by using hashtags. Hashtags are tags that
begin with a “#” to classify posts by a specific topic. Many
live tweets are tagged with the title of the program or its
abbreviation, so people can search by hashtag to see live
tweets posted by other people. However, while this search
function is ideal for viewing real-time tweets about a scene
being broadcast, it poses some problems when viewing past
tweets, such as when wanting to view tweets about an earlier
scene after watching a TV program, or when wanting to record
a TV program after it has aired. There are three problems when
browsing past live tweets.

1) The number of live tweets of TV programs is huge, and
it takes a lot of effort to check each result obtained by
the tweet search function, and to go back to the tweets
of the scene that the user is interested in.

2) The content of live tweets is often very brief. It is
difficult to tell from the tweet alone which scene the
comment is about.

3) One can also narrow down the tweets by searching for
keywords that are characteristic of the target scene along
with the title of the program or abbreviated hashtag,
but only the tweets that match the keywords will be
displayed, so if the keywords are ambiguous, users will
not be able to get the tweets they want.

In this paper, we propose an tweet search interface that
enables efficient looking back at TV dramas to overcome these
problems. This interface helps users to efficiently discover live
tweets of interest. The user inputs a tweet of interest, and the
number of live tweets posted related to that keyword in the
drama is visualized as a graph. Using this graph, the user can
efficiently discover the time interval related to the interest and
easily access the tweets of the scene the user is interested in.
This paper is organized as follows. In Section 2, the proposed
method is described. Section 3 conclude this paper.

II. PROPOSED METHOD

Live tweets of TV drama programs represent the real-time
responses of users who watched the drama in question and
are considered to strongly reflect the content of the scene
being broadcast at that time. Ushijima et al. [1] obtained
the characteristics of scenes in TV dramas by analyzing the
viewer’s responses using live tweets.

1Copyright (c) IARIA, 2021.     ISBN:  978-1-61208-856-3
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In this study, we assume that the scenes associated with
the keywords specified by the user have many live tweets
with high similarity to the keywords. Then, the relevance of
the keyword to the scene is estimated using the content of
the live tweets associated with the scene. Specifically, the
timeline consisting of live tweets posted during the drama
broadcast time is divided into segments, and the relevance
between segments and keywords is determined based on the
similarity between the tweets and keywords in each segment.
Then, by visualizing the transition of the relevance, users can
easily find the segment they are interested in. When a user
specifies a segment of interest, the user can access the tweets
contained in the segment.

The procedure of the method proposed is shown as follows:
1) Collect live tweets about TV drama programs using

Twitter Application Program Interface (Twitter API).
Specifically, tweets that include the title of TV drama
programs hashtag posted during the broadcast time of
the target TV drama program are collected and stored
in the tweet DB. Retweets and replies are excluded from
the stored tweets.

2) The tweets of the TV drama program specified by the
user are retrieved from the tweet Database (tweet DB),
and the timeline of the collected tweets is divided into
time segments in order to obtain the characteristics of
the tweets by time. The segmented set of tweets is called
a segment.

3) Perform morphological analysis on the tweets in the
segment.

4) Vectorize the tweets and keywords in the segment.
5) Calculate the cos similarity of the vectors obtained from

the tweets and keywords in the segment and calculate
the similarity between each segment and the keyword.

6) The similarity of each segment is graphed and presented
to the user.

A. Segmentation of the timeline
In the proposed method, we aim to estimate and visualize

the excitement related to keywords for each unit of time
according to the progress of the TV drama program. We divide
the timeline of collected live tweets into segments of a certain
time interval. The set of tweets in the segmented time interval
is called a segment, and each segment is considered to strongly
reflect the characteristics of the scene broadcasted at that time.

B. Creating a Word2Vec model
In order to calculate the similarity between a segment and

a keyword, Word2Vec [2] is used to calculate the similarity
between a tweet and a keyword in the segment.

Word2Vec is a word vectorization method that uses a neural
network consisting of two layers for text processing. By
learning the weights of the neural network using a corpus,
a vector representation of words can be obtained.

C. Calculation of similarity
We vectorize the tweets and keywords in a segment and

calculate the similarity of each segment. In order to find a

Figure 1. Example of timeline visualization.

better method, we use three methods to calculate and compare
the similarity of each segment. Here, for the vectorization of
tweets, we share the tweets, find the vector of each word, and
take the average of them as the vector of tweets.

The tweets and keywords in the segment are vectorized
using the Word2Vec model learned by the above method,
and the cos similarity with the keywords is calculated for
each tweet, and the average is the similarity of the segment.
Equation (1) represents the definition of the similarity where
q is the vector of keywords, and S is the vector of keywords,
the vector of segments (the set of vectors of tweets), and t
denotes the vector of tweets.

sim(q,Si) =
1

Si

∑
t∈S

simt(q, t) (1)

D. Visualization of similarity by time

In this method, we provided a user interface that visualizes
and displays the obtained similarity of each segment as a
graph. By looking at the graph, the user can find out at
which time of the day the scene related to the keyword was
broadcasted, and by pointing the mouse on the graph, the user
can view the live tweets posted at that time. Figure 1 shows
an example of timeline visualization.

III. CONCLUSION

In this paper, we propose an interface that allows users to
efficiently view live tweets for a desired scene in order to
review TV dramas. The interface divides the live tweets posted
during the broadcast of a TV drama into segments by time
interval, and calculates the similarity between the tweets and
keywords in each segment to visualize the transition of the
excitement related to the keywords of the drama.

REFERENCES

[1] D. Minami, M. Ushijima and T. Ushiama, “How do viewers react to
drama?: Extraction of scene features of dramas from live commentary
tweets,” IMCOM 2018, pp. 87:1–87:4, 2018.

[2] T. Mikolov, I. Sutskever, K. Chen, G. Corrado and J. Dean, “ Distributed
Representations of Words and Phrases and their Compositionality,” NIPS
2013, pp. 3111–3119, 2013.
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Abstract—Students with Visual Impairment (VI) face many
challenges in learning mathematics due to its visual nature.
Digital-based learning technologies have reformed the mathe-
matics learning experience for VI students. We collected, ana-
lyzed, and critiqued mathematics learning technologies for VI
students developed between January 2010 and December 2020.
We further classified apps by the domain, interactive features,
and accessibility approaches to examine the teaching, learning,
and assessment. We found that the audio-based and interactive e-
learning technology may be helpful to improve the mathematical
skills of VI students.

Index Terms—Visually impaired students; Mathematics learn-
ing; Assistive technologies

I. INTRODUCTION

The innovation of new learning technologies, recent im-
provements in Information and Communication Technologies
(ICT), and digital resources has promoted self-directed learn-
ing for students. With the growing interest in self-directed
learning, many developers, researchers, and universities have
launched creative, flexible, and easy-to-learn programs to
improve students’ productivity.

Mathematics has been recognized as a formidable road-
block for students with visual impairment [1]. High-school
mathematics acts as a baseline for students to learn and
persevere in social and professional worlds. With technological
advancements, ICT has provided many resources and educa-
tional tools such as graphics calculators, computers equipped
with dynamic geography software, and web applications for
virtual learning, contributing to an overall better learning
experience in mathematics [2]. However, for students with
visual impairment, the process is further hindered by the
inability to process complex mathematical formulas or visual
cues.

This disadvantage leads to a significant knowledge gap
between students with visual impairment and students without
disabilities. According to the U.S. Department of Education,
as mentioned in [3], 15% of all visually impaired students
are five or more grade levels behind their sighted peers.
This knowledge gap leads to a staggering unemployment rate
among disabled individuals. According to the employment

data collected by American Foundation for the Blind (AFB)
between May 2016 and April 2017, people with vision loss
ages 16-64 had only a 37% labor force participation rate and
a 12% unemployment rate [4]. According to [5], this gap does
not emerge from a lack of interest in STEM-related fields
because many college students showed equal interest in a
STEM career as their non-disabled peers [6].

This paper carried out a literature review of technologies
developed for VI students in the last decade. The study also
investigated the use of auditory methods in developing the
web application mentioned in [7]. This review is based on the
following research questions:

• What are the reported accessibility approaches and out-
comes in existing mathematics learning apps?

• What are the domains, interactive mechanisms, and ac-
cessibility features of these apps?

• What are the contextual settings in which these applica-
tions are scrutinized?

This paper is structured as follows: Section 2 consists of a
literature study methodology, which discusses search strategy
and inclusion/exclusion criteria; Section 3 provides detailed
information on the included studies. Section 4 concludes the
project along with discussions on results.

II. LITERATURE STUDY METHODOLOGY

This paper examines existing assistive technologies devel-
oped for teaching mathematics and differentiates non-visual
learning and interaction techniques. One reason for the focus
on this discipline is that although ICT has improved the
productivity of people with a physical disability, there are
limited resources for VI students in the academic field [8].

With the increased interest in digital learning over the past
decade, several authors have carried out systematic literature
reviews documenting assistive technologies implemented for
VI people. These existing systematic reviews cover the effects
of computer technology on school students in mathematics
learning [9], ICT applications for VI people [8], or digital
learning technology for VI students [10], [11].
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A. Search Strategy

Accurately searching for all relevant publications from all
possible sources is the most crucial step in a literature review.
Table I shows the list of databases and search engines.

TABLE I: LIST OF DATABASES AND SEARCH ENGINES

Database and Search Engine Link
ERIC https://eric.ed.gov
EBSCO Information Services https://www.ebscohost.com
ProQuest http://www.proquest.com
Wiley Online Library http://onlinelibrary.wiley.com
JSTOR http://www.jstor.org
ACM Digital Library http://dl.acm.org
Science Direct http://www.sciencedirect.com
Google Scholar https://scholar.google.com/

B. Inclusion and Exclusion Criteria

Based on our research questions, we had the following
search terms: assistive technology, digital learning, high school
mathematics, and visually impaired students. These search
terms with different combinations were searched against the
aforementioned databases and search engines. Once we ob-
tained all the results, we applied inclusion criteria to filter out
irrelevant publications. Table II shows inclusion and exclusion
criteria for this study.

TABLE II: INCLUSION AND EXCLUSION CRITERIA

Inclusion Criteria Exclusion Criteria
Published in English Publication is a review/thesis/summary
Developed for VI students For students with multiple disabilities
Published between
2010 and 2020 Research is in early stages
Investigates approaches
for digital math education

The search operations on databases and search engines
resulted in 153 publications. After scanning through the title
and abstract, 134 papers were able to pass through all inclusion
criteria. After further scrutiny, we removed duplicate publica-
tions and were left with 126 publications. We applied inclu-
sion criteria on the methodology of the remaining papers; it
yielded 57 papers. We evaluated 57 publications and discarded
publications that did not include digital or math learning.
After expert reading, we decided to have ten publications that
motivated self-learning for VI students.

Figure 1 shows the search and selection summary.

III. RESULTS

This literature review presents 10 publications. In this
section, we explain the study results and analysis.

The main focus of all the studies was to investigate the
different accessibility and interaction approaches. It is inter-
esting to note that most of the studies are somewhat related
to technology rather than pedagogical aspects of learning.

The included studies evaluated the use of three types of
technologies: either mobile/tablet application or an indepen-
dent system or a library/package improving the accessibility
to the existing system. Different accessibility and interactive

Fig. 1: Search and selection summary.

approaches investigated by these publications are shown in
Table III.

In total, we presented ten publications investigating ways
to make mathematics content digital and accessible. Seven
of these studies had participants evaluating the usefulness of
the proposed approaches. The number of participants in these
studies varied from 3 to 20. Five studies used audio rendering
of mathematical formulae, which are also compatible with
screen-readers and Braille bars. In these studies, even though
the delivery method of mathematical formulae differed from
the traditional method, participants appreciated audio repre-
sentation.

Authors in one study introduced a novel approach to rep-
resent mathematical graphs through auditory methods. In-
novations in digital learning technologies have led authors
to launch an iPad application to teach students basic math
and prealgebra. The application introduced in [12] uses a
simplified on-screen keyboard for students with VI and has
been downloaded over 14000 times.

The diverse and accessible techniques mentioned in these
publications make the comparison between them complicated.
Participants in these studies range from teachers, experts, and

4Copyright (c) IARIA, 2021.     ISBN:  978-1-61208-856-3
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TABLE III: LIST OF APPLICATIONS IN INCLUDED STUDY

# Title Study Sub-
domain

Study Objectives Interaction Approach Study Results

LR1 A Pilot Study of a
Self-voicing Com-
puter Program for
Prealgebra Math
Problems

Prealgebra To field-test the accessibility
of a self-voicing computer
program, AnimalWatch-VI-
Beta, with 14 VI students
working with prealgebra
math problems.

– The program provided
the participants with
audio hints for word
problems.

– Participants interacted
with the program with
keyboard keys.

– Although the study was not de-
signed to evaluate the partici-
pants’ algebra skills, the partic-
ipants used audio hints to effi-
ciently solve easy and medium
difficulty problems.

– The results showed that the au-
dio materials could be useful re-
sources for students with VI in
learning math.

LR2 Accessing Algebra
via MathSpeak:
Understanding the
Potential and Pitfalls
for Students with
Visual Impairments

Digital access
to math for-
mulae

Three VI high school stu-
dents participated in this
study to evaluate the impact
of eText player ReadHear to
access and understand alge-
braic expressions.

– The eText player pro-
vided algebraic expres-
sions in speech format.

– Finding suggests that even
though the method was dif-
ferent from the traditional ap-
proach, students successfully
used the technology to access
algebraic expressions.

LR3 Math Melodies:
Supporting Visually
Impaired Primary
School Students in
Learning Math

Basic math
operations

An iPad application to teach
basic mathematics to pri-
mary school students. Two
sighted and three blind pri-
mary school students partic-
ipated in the study.

– The application is ac-
cessible for blind stu-
dents through a screen-
reader and a simplified
on-screen keyboard to
answer questions.

– Participants were able to inter-
act with the system and found
the application accessible and
entertaining.

– The application enables ex-
ploring audio-visual elements
on a touchscreen and pro-
vides feedback to keep VI stu-
dents engaged and entertained.
The iPad application has been
downloaded over 14000 times.

LR4 AudioFunctions.Web:
Multimodal Explo-
ration of Mathe-
matical Function
Graphs

Exploring
math func-
tions graph

Thirteen VI participants en-
gaged in this research study
to investigate the use of soni-
fication, earcons, and speech
synthesis to explore mathe-
matical functions graphs.

– AudioFunctions.web
provides verbal or mu-
sical earcons on graph
exploration. Additional
graph information
is provided through
verbal messages when
requested.

– Users may interact
with the application
using a keyboard,
mouse, touchscreen, or
touchpad. The appli-
cation is available on
all browsers, mobile
devices, and PCs.

– The participants managed to
proficiently use the system and
explore the presented graphs.

– Six students preferred a touch-
screen and five students appre-
ciated the touchpad/mouse and
touchscreen interaction equally.

LR5 An interactive math
braille learning ap-
plication to assist
blind students in
Bangladesh

Braille A mobile application to
teach VI students math
Braille and help solve math-
ematical calculations. 20 VI
participants provided feed-
back in improving the func-
tionality of the mobile appli-
cation.

– Participants can inter-
act with the application
through a touch screen
and the application pro-
vides audio and vibra-
tional feedback to help
the user make a deci-
sion.

– The application evaluation by
the teachers, experts, and stu-
dents suggests that voice and
vibrational feedback can assist
students to learn Nemeth code.
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TABLE III: (Cont.) LIST OF APPLICATIONS IN INCLUDED STUDY

# Title Study Sub-
domain

Study Objectives Interaction Approach Study Results

LR6 Adaptable Accessi-
bility Features for
Mathematics on the
Web

Digital access
to math for-
mulae

This study enabled the ren-
dering of math formulae on
the web. The work is im-
plemented in the MathJax
library with new personal-
izing features. This package
also offers accessibility fea-
tures for speech and tactile
outputs.

– MathJax accessibility
features are mainly
aimed at supporting
users with reading
disorders. MathJax pro-
vides speech and tactile
output to support
screen-reader users and
provides visual aids to
maximize accessibility
on the web.

– MathJax provides aural render-
ing for mathematical expres-
sion, which can be generated
on the fly when running in the
web browser or pre-computed
by the author.

– MathJax offers various tech-
niques such as highlighting,
contrast, formula coloring,
magnification to increase the
accessibility of math formulae
on the web.

LR7 Axessibility: A La-
TeX Package for
Mathematical For-
mulae Accessibility
in PDF Documents

Digital access
to math for-
mulae

A LaTeX package to pro-
vide math formulae acces-
sibility in PDF documents.
Four VI students partici-
pated in the evaluation of
this study using Acrobat DC
PDF reader.

– The package enables the
creation of accessible
PDF documents by in-
serting hidden replace-
ment text for maths for-
mulae using ActualText
PDF attribute, making
it visible to screen read-
ers and braille bars.

– The participants correctly
read formulae inside PDF
documents produced using
Axessibility.

LR8 Web-ALAP: A Web-
Based LaTeX Editor
for Blind Individuals

LaTex editor Web-ALAP is a web-based
LaTeX editor that provides
speech-based prompts and
automatic narration of the
error messages. It also offers
a ”Math Mode” that offers a
natural language description
of the mathematical content
within the document.

– Web-ALAP offers a
comprehensive set of
keyboard shortcut
keys to maximize ac-
cessibility and easier
navigation for math
equations.

– A web-based LaTeX ed-
itor is equipped with ac-
cessible debugging fea-
tures for real-time audi-
tory feedback.

– The user testing with ten VI
students showed that the users
appreciated the Math Mode of
the web application. All par-
ticipants recognized the im-
portance of being informed
through audio feedback.

LR9 MathSpeak: a non-
ambiguous language
for audio rendering of
MathML

Digital access
to math for-
mulae

To introduce a new method
to provide audio-rendering
of complex mathemati-
cal formulae provided in
MathML.

– Non-ambiguous speech
representation of math
formulae.

– While presenting mathematical
terms in non-visual format, it
may lead to multiple interpre-
tations.

– With MathSpeak technology,
authors enabled the rapid
translation of STEM material
into MathML format and even-
tually into a non-ambiguous
speech format.

LR10 Improving acces-
sibility to mathe-
matical formulas:
the Wikipedia Math
Accessor

Digital access
to math for-
mulae

To improve the accessibility
of mathematical formulae by
providing natural language
processing descriptions of
more than 420,000 formulae
from Wikipedia’s repository.

– Graphical representa-
tion of mathematical
formulae.

– This study introduced the
MathAcc, an assistive technol-
ogy designed to help VI stu-
dents gain access to the graph-
ical representations of complex
mathematical formulae pub-
lished on Wikipedia.
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students. In summary, the following findings hold for our
research questions:

• What are the reported accessibility approaches and out-
comes in existing mathematics learning apps?

– The research study mentioned in the literature review
employed a variety of accessible methods. The main
objectives of the studies include ’the alternate deliv-
ery method’ and ’the effectiveness of the technology.’
Nine publications stated that students appreciated the
audio representation of mathematical formulae.

• What are the domains, interactive mechanisms, and ac-
cessibility features of these apps?

– Three studies investigated the effectiveness of a
digital platform to teach mathematics to students
with VI. One study introduced the use of sonification,
earcons, and speech synthesis to explore mathemat-
ical function graphs. Auditory methods were the
most frequently applied technology in the included
studies.

• What are the contextual settings in which these applica-
tions are scrutinized?

– The VI participants evaluated most of the included
studies using different interaction methods varying
from the keyboard keys, mouse, trackpad, and touch-
pad. All research studies achieved their desired re-
sults.

IV. CONCLUSION

This paper presented 10 assistive technologies developed
between 2010 and 2020 that focused on improving mathemat-
ics accessibility and offered a new way to teach mathematics
to students with VI. After a systematic review of the focus of
studies, the subdomain, and the context in which the studies
took place, we can conclude that digital learning with auditory
and tactile methods can improve mathematics education for VI
students.
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