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Abstract

The storefront accessibility can substantially impact the way people who are blind
or visually impaired (BVI) travel in urban environments. Entrance localization is one of the
biggest challenges to the BVI people. In addition, improperly designed staircases and
obstructive store decorations can create considerable mobility challenges for BVI people,
making it more difficult for them to navigate their community hence reducing their desire to
travel. Unfortunately, there are few approaches to acquiring this information in advance
through computational tools or services. In this paper, we propose a solution to collect large-
scale accessibility data of New York City (NYC) storefronts using a crowdsourcing
approach on Google Street View (GSV) panoramas. We develop a web-based
crowdsourcing application, DoorFront, which enables volunteers not only to remotely label
storefront accessibility data on GSV images, but also to validate the labeling result to ensure
high data quality. In order to study the usability and user experience of our application, an
informal beta-test is conducted and a user experience survey is designed for testing
volunteers. The user feedback is very positive and indicates the high potential and usability
of the proposed application.

Keywords

Crowdsourcing, Storefront Accessibility, Independent Travel, Visually Impaired,

Open-Source Data

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge


mailto:jliu021@citymail.cuny.edu
mailto:htang@bmcc.cuny.edu
mailto:WSeiple@LighthouseGuild.org
mailto:zzhu@ccny.cuny.edu

Crowdsourcing Annotating Storefront Accessibility Data Using 155

Introduction

In the United States, the number of blind or visually impaired (BVI) people continues to
increase. According to the report by the CDC organization, approximately 12 million people 40
years and over in the United States have vision impairment, including 1 million who are blind, 3
million who have vision impairment after correction, and 8 million who have vision impairment
due to uncorrected refractive error (CDC, 2021). Visual impairment can have a profound effect
on their quality of life, affecting them physically and psychologically and interfering with their
daily activities, especially traveling, which is identified as the most stressful event in their lives
(Nadine Donaldson, 2017).

For BVI people, how and where to go can be a significant challenge. Localizing the
entrance of a store or facility is a difficult task for BVI people. Additionally, improperly
designed staircases and obstructive store decorations are still common barriers for BVI people. In
New York City (NYC), for example, although the Mayor's Office for People with Disabilities
(MOPD, 2021) requires businesses to provide equal access to goods and services for customers
with disabilities in an integrated environment, most small businesses do not follow this principle.
As a result, monitoring compliance that relies on owner self-inspection is clearly challenging as
thousands of small businesses in NYC still have physical barriers (stairs) at store entrances.
Neither organizations that serve people with BVI (American Council of the Blind et al.), nor
software developers have identified appropriate storefront accessibility data to use as travel
guides. The existing accessibility information is mainly concerned with sidewalk situations such
as defective curbs and problems caused by tree roots (DOT, 2021), and there are few emphases
on the accessibility of storefronts. Moreover, studies indicate that most of the sidewalk
assessment is conducted through physical audits (May et al, 2014, Law et al, 2018), but in-
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person audits are not only costly and time-consuming but also lack timeliness (Rundle et al,
2011).

To further support the independent travel of the blind and visually impaired and reduce
their stress in travel planning, we propose a solution that uses an approach integrating online
crowdsourcing and online map imagery (e.g., Google Street View images) to gather a large
amount of storefront information that can be used as reference guide materials. Our ultimate goal
is to create a large-scale open-source database of NYC storefronts accessibility data with a close
community engagement. In this paper, we focus on developing a crowdsourcing web application
that enables volunteers to remotely label storefront accessibility data on Google Street View
(GSV) images. Volunteers can virtually “walk through” New York city streets via the function of
the GSV and select a cropped image of a specific storefront from a custom volunteer’s
perspective in order to label our required targets. The novelty and contributions in this work
include:

(1) A web-based application DoorFront that provides a user-friendly interface and interactive
tool combined with Google Street View for volunteers to annotate storefront information.

(2) A volunteer contribution credits system that allows students, especially high school
students, to acquire community service credits or certificates by annotating storefront
accessibility data using the DoorFront.

While this paper mainly focuses on a data collection approach using crowdsourcing, we
anticipate future work will include georeferencing the collected image labels and deposits of the
data into the NYC Open Data platform (NYC Open Data, 2021). With our storefront
accessibility data, technical companies can develop more flexible applications to assist the
visually impaired. For example, imagine a mobile app that provides BVI people a turn-by-turn
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navigation to enter a facility based on our accessibility data, or automatically recommends a
travel site or a restaurant with an accessible entrance.
Related Work

Local and state governments often need to collect street-level accessibility data, but it is
challenging to acquire a complete set of data at the city scale. We believe that the use of
crowdsourcing methods will make data collection more efficient and economical due to the
omnipresent Internet and convenient mobile technologies. Many studies have indicated that the
use of online crowdsourcing plays a significant role in supporting urban mobility and public
transportation (Krajzewicz, 2010, Marzano, Gilberto, et al, 2019). The solutions most relevant to
our work are those that can combine Google Street View (GSV) images and online
crowdsourcing to collect street-level accessibility data. For example, Bus Stop CSI
(Crowdsourcing Streetview Inspections) allows people to remotely label bus stop landmark
locations with GSV images (Kotaro Hara et al, 2013). Sidewalk accessibility data is important to
people with mobility disabilities, hence some work has focused on collection of sidewalk data
using crowdsourcing (Saha, Manaswi, et al, 2019) or machine learning approaches (Weld, Galen,
et al, 2019). However, they emphasize the problem related to sidewalks and their contribution to
the mobility disability community. Other approaches have collected massive unban image-based
datasets such as LabelMe (Russell, Bryan C., et al, 2007) and Places (Zhou, Bolei, et al, 2018),
using computer vision algorithms.

In this work, inspired by the previous crowdsourcing platforms (Kotaro Hara et al, 2013,
Saha, Manaswi, et al, 2019), we propose a solution that combines online crowdsourcing and

GSV images to collect large-scale accessibility data of NYC storefronts.
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Discussion
User Study

In this project, our ultimate desire is to collect a large amount of data at the city scale that
is useful to the visually impaired. Although we have predefined four important storefront
accessibility objects, namely doors, doorknobs, stairs and ramps, we still want to find out the
usefulness of the information we collect. In addition, we would like to know if there are other
important storefront accessibility data for BVI people that we have not collected. In order to gain
a more comprehensive understanding of the challenges and needs of the visually impaired during
their independent travels, we conduct informal interviews with six blind adults to learn about
what challenges they might encounter during their independent travels.

In the series of interviews, we learned that most of the participants were daily commuters
prior to COVID-19. Based on their descriptions, we found that they encountered many
challenges when traveling, such as keeping walking straight, determining current location and
localizing store entrances. Most relevant to this paper is that most participants experienced
difficulty in finding the exact location of the main entrance of their desired store or facility. For
instance, one participant claimed that finding a store entrance would be the second biggest
challenge in his daily life. He often needs to spend a considerable amount of time to find the
location of the door. Sometimes, he will also ask volunteers for help, but these people usually
only tell him that the store is in front of him but do not provide him with the exact location of the
store entrance. Even those having guide dogs state that being informed in advance of the
storefront accessibility of their destination store can significantly reduce the time it takes to find
the entrance. According to the interviews, guide dogs can only distinguish doors but cannot tell if
a door is the entrance to the destination store. Therefore, knowing the entry location of a store in
Journal on Technology and Persons with Disabilitics
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advance enables them to better instruct the guide dog. In addition, most participants indicated
that the information of doors and door knobs (both types and locations) help them to easily enter
buildings. This information would help them make more effective judgments.

In summary, most participants felt that having information about store accessibility in
advance, especially the type of entrance (door, ramp or stair) and entrance location, would
greatly reduce their stress in getting around. In addition, stairs, ramps, the types of doors and
door knobs would be very beneficial to them.

Application Design and Development

Our web-based crowdsourcing application, called DoorFront, is designed to allow
volunteers to label the NYC storefronts’ image data with predefined accessibility categories
(doors, stairs, ramps, and doorknobs). Our goal is to provide a user-friendly platform to collect a
completed city-scale image dataset of storefront accessibility information with annotations. In
order to achieve our goal, we have separated our application requirements into two tasks.

e First, we use GSV as our imagery resource, which enables volunteers to virtually walk
through the city and choose specific scenes based on their own perspectives.

e Second, we dedicate a solution to manage the volunteers and increase their engagement.
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Crowdsourcing and Annotation Interface
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clicking this button the data will be button.

visualized on GSV scene.

Fig. 1. The Interface of Exploration Page.

The primary goal of the project is to create a volunteer-based platform that provides an
interactive labeling tool to collect street-level accessibility information of NYC storefronts. Our
labeling tool can be mainly divided into two parts that were designed as two web pages, namely
the Exploration Page, and the Labeling Page. On the Exploration Page (Fig. 1), a GSV scene is
displayed as the main interactive area that allows volunteers to virtually turn around to view the
360-degree views of the scene and to essentially walk through the city by clicking the "Arrow"
button embedded in the GSV scene. Regarding the Labeling Page (Fig. 2), it offers a tool for
volunteers to label storefront accessibility objects with a user interface design inspired by
LabelBox (LabelBox, 2021). In addition, we created a validation tool with the same interface as
the Labeling Page, allowing volunteers to contribute to the validation of existing annotated

images, which can improve the quality of our data.
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Label Button — When the
volunteer clicks the button, the
Label Category — labeling panel will pop up.
When the volunteer 4
clicks a specific =
category, the details of [ 5 Eabaling Pand
that certain type are  _| ™" e ——,
displayed below 0 process:
(Bemilsnea). 6 Eaoeerh e TS
create he startng poit
Details Area—In @ oo o ° ® joi::ummg 8 you oo the ering
this area, the user can . o ® port
hide, delete and .4l & gons
update the properties o -
of the selected tab. 5 5 l
/ - )
Back Button — Confirm Button — When the Labeling Panel — This
Volunteer can leave volunteer clicks this button, all the pop-up menu shows the
this page by clicking  label information will be submitted instruction and label
this button. to our database. buttons.

Fig. 2. The Interface of Labeling Page.

When volunteers enter the Exploration Page (Fig. 1.), they will be randomly dropped in a
GSV scene that has been labeled by other volunteers. Within the Exploration Page, there are two
approaches for volunteers to change the GSV scene. The primary approach is to use the built-in
panning feature of GSV by clicking the embedded “Arrow” button to change the GSV scene,
which allows volunteers to virtually “walk through” NYC. While the other approach is to click
the "NEXT" button to reload another explored GSV. If the current GSV scene has not been
labeled yet, volunteers can adjust the view direction by spanning the panorama to select the
image with an appropriate view for labeling. When the volunteer presses the “QUERY” button,
our application will automatically query the Google Maps API to get the corresponding image
display in the current view, based on the current camera’s location and heading direction. In
order to avoid storing the wrong image data and to ensure proper use of cloud storage space, a
pop-up preview window appears when we get the cropped image of the current scene and asks

the volunteer to confirm the selected image. Our application will only save those images that are

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge



Crowdsourcing Annotating Storefront Accessibility Data Using 162

confirmed by volunteers so that the wrong image data would not take up our cloud storage space.
When the image confirmation process is complete, the page will automatically jump to the
Labeling Page (Fig. 2), where volunteers can categorize the storefront accessibility objects and
select the appropriate subtype if one exists, e.g., various door types and doorknob types. Once
the volunteer finishes the labeling process, the data of storefront accessibility objects will be
saved in our database and displayed on the original GSV scene with a color marker on the
labeled object. Our tool will automatically adjust the marker’s position based on the current
viewport and field of view (FOV), which means the markers stick on the labeled object
accurately, even though they are not part of the GSV. When the image list appears, which
indicates that the current GSV scene has been labeled, the volunteer can verify whether the
storefront accessibility objects of the current scene have been fully identified by looking at the
markers on the GSV. Moreover, if volunteers find an incorrect annotation, they can click on the
“View” button in the image to fix the incorrect annotation.

Volunteer Engagement

The participation of volunteers is a significant factor in this project. To increase volunteer
engagement, we dedicate a contribution credit system for the volunteers. Our ultimate goal is to
encourage volunteers, especially high school or college students, to give back to their local
community. Students can gain community service credits or certificates by annotating storefront
accessibility data using the proposed web application. For the credit system, we design an
incentive mechanism that gives extra credit as a reward when volunteers label a certain number
of images. On the Exploration Page, we created a progress bar (percentage format) to show the

number of images that the current volunteer has labeled. For example, 10% means that the
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volunteer has labeled one image, and if volunteers continuously label ten images (reaches
100%), they will be rewarded with extra points.

Evaluation

In order to study the usability and user experience of our application, we conducted an
informal beta-test and designed a user experience survey for testing volunteers. A total of 13
student volunteers participated in the test and completed the survey. In this test, with the help of
the 13 participants, we collected 234 images in total, including 676 labels with four predefined
categories (doors, stairs, ramps, and doorknobs). The number of labels for each specific category
is shown in the following table (Table 1).

Table 1. The Number of Labels for Each Category.

Category Amount
Door 358

Doorknob 283
Stair 33
Ramp 2

To assess the label accuracy, we manually inspected 50 out of 234 images (20%),
including 112 labels. During this inspection, we found 7 incorrect labels: 3 out of them were
labeled with incorrect category and 4 out of them had inaccurate bounding boxes, such as
oversized and misplaced. Based on the data, the accuracy rate is approximately 93.75%. We
realize that this result is not statistically significant since only a limited manual inspection was
performed. Therefore, we anticipate future work will design and implement a robust cross-

validation mechanism that allows volunteers to evaluate the collected labels.
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Table 2. The Survey Questions and Answers.

164

Questions

Answers

1. How do you like the way we collect data through
Google Street View? (Please rate from 1 to 5)

: 0%
: 0%
1 15%
:31%
1 54%

DA W~

2. Do you like the interface of our application? (Please
rate from 1 to 5)

: 0%

1 15%
1 15%
:23%
1 47%

U‘l-lkb)[\):—t

3. What is the average amount of time you spend on
each scene (panorama)? (In general, there are two
sidewalks in each scene where volunteers can label the
storefront accessibility data)

1 - 2 minutes: 46%
3 - 5 minutes: 23%
5 - 8 minutes: 23%
8 - 10 minutes: 8%

4. What is the average number of images you have
queried (Click Query Button) in each scene
(panorama)?

2:23%

3: 8%

4: 8%

5:15%

More than 5: 46%

5. What is the average time for labeling one image? Less than 1 minute: 54%
1 - 2 minutes: 31%
3 - 5 minutes: 15%
More than 5 minutes: 0%
6. How long are you willing to spend on each volunteer | Less than 5 minutes: 15%
time? 5 - 30 minutes: 54%
30 - 60 minutes: 31%
More than 60 minutes: 0%

7. How many scenes are you willing to explore during
each volunteer hour (panorama)?

Less than 10: 31%

8. Would you like to introduce this app to your friends
to help us collect storefront accessibility data?

10 - 20: 39%
20 - 30: 15%
More than 30: 15%
Yes: 92%

No: 8%
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Questions Answers

9. Would you prefer to label random areas or label I prefer to label random areas:

specific areas selected by yourself? 54%
I prefer to label selected areas:
46%

10. Would you prefer to label an area close to your Yes: 85%

home? No: 15%

11. Would you be interested in volunteering more time | Yes: 100%

to label if a badge or credit mechanism is introduced to | No: 0%

the platform?

In terms of the user experience survey, those questions as listed in Table 2 were designed
with three main objectives in mind. First, we aimed to evaluate the usability of our application
through volunteer ratings. Second, we intended to evaluate the labeling feature and understand
the user experience by analyzing the average labeling time. Third, we wanted to evaluate user
engagement by analyzing the volunteering time of volunteers and labeling areas. The answers to
the survey listed in Table 2, especially regarding the usability and user experience (Q1, Q2, QS5,
Q7 and Q8 in Table 2), received a positive response with more than 50% of the votes, as we
expected. In addition, we restricted the labeling areas to central Manhattan in this beta test, but 7
out of 13 (54%) participants claimed that they would like to be free to choose a place (Q9 in
Table 2). Moreover, 11 out of 13 (85%) people preferred to label the area near their homes (Q10
in Table 2). With these feedbacks, we plan to add new functionality that will allow volunteers to
enter addresses to flexibly explore the desired areas.

Through this survey, not only did we receive important feedback on user interface
designs and app usability, but we also received positive and encouraging reviews about our idea
and the app. One volunteer said that it was a fun volunteer experience, and she was very happy

and satisfied with the clear user interface of our app where she could virtually navigate NYC and

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge



Crowdsourcing Annotating Storefront Accessibility Data Using 166

contribute to the community. Another volunteer also emphasized he understood how important
the storefront accessibility data is and looked forward to seeing more and more applications
using our collected data in the future. These reviews testify to the high potential and usability of
our application.
Conclusion

In this paper, we have designed a crowdsourced web application, DoorFront, to collect
large-scale storefront accessibility data in New York City. We conducted a pilot user study with
13 student volunteers and received positive and encouraging feedback. To encourage more
students to contribute to this large-scale crowdsourcing project, we have developed a credit
system to increase volunteer engagement. The ultimate goal of this project is to make the data
available on the NYC Open Data platform (NYC Open Data, 2021). The informal survey
indicated the high potential and usability of our application.

The current online crowdsourcing framework faces the following limitations. Though
GSV has provided massive street-level images, some of them cannot be used for the following
reasons: (1) Some storefront GSV images are incomplete due to occlusions by vehicles or
constructions; (2) GSV images are often updated once every few years, hence our image data
may be out of date. To address the above problem, we will develop an in-situ mobile app to
allow volunteers to collect those missing data if they identify such cases.
Acknowledgments

This work is supported by the US National Science Foundation via Award #1827505 and
Award #2131186, The U.S. Office of the Director of National Intelligence (ODNI) via

Intelligence Community Center for Academic Excellence (IC CAE) at Rutgers (Awards

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge



Crowdsourcing Annotating Storefront Accessibility Data Using 167

#HHM402-19-1-0003 and #HHM402-18-1-0007), and a PSC-CUNY #51 grant. We also want to

thank Google for providing us with the Google Cloud matching award.

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge



Crowdsourcing Annotating Storefront Accessibility Data Using 168

Works Cited
“Fast Facts of Common Eye Disorders.” Centers for Disease Control and Prevention, Centers
for Disease Control and Prevention, 9 June 2020,

www.cdc.gov/visionhealth/basics/ced/fastfacts.htm.

DoorFront (2021), https://crsp-crowdsourcing-app.herokuapp.com/home, last accessed Dec 2021

Donaldson, N. “Visually Impaired Individuals' Perspectives on Obtaining and Maintaining
Employment.” (2017).

Google Map API (2021), https://developers.google.com/maps, last accessed Dec 2021

Hara, Kotaro, et al. “Improving Public Transit Accessibility for Blind Riders by Crowdsourcing
Bus Stop Landmark Locations with Google Street View.” Proceedings of the 15th
International ACM SIGACCESS Conference on Computers and Accessibility, 2013,

https://doi.org/10.1145/2513383.2513448.

Krajzewicz, Daniel. “Traffic Simulation with SUMO — Simulation of Urban Mobility.”
Fundamentals of Traffic Simulation, 2010, pp. 269-293., https://doi.org/10.1007/978-1-
4419-6142-6 7.

Law, Stephen, et al. “Take a Look Around: Using Street View and Satellite Images to Estimate
House Prices.” ACM Transactions on Intelligent Systems and Technology, vol. 10, no. 5,

2019, pp. 1-19., https://doi.org/10.1145/3342240.

Labelbox, “The Leading Training Data Platform for Data Labeling.” https://labelbox.com/, last

accessed Dec 2021
Matysiak, Martin. “Creating a Marker Class for Streetview Panoramas.” English Blog,

https://martinmatysiak.de/blog/view/panomarker/en.

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge


http://www.cdc.gov/visionhealth/basics/ced/fastfacts.htm
http://www.cdc.gov/visionhealth/basics/ced/fastfacts.htm
https://crsp-crowdsourcing-app.herokuapp.com/home
https://developers.google.com/maps
https://labelbox.com/
https://martinmatysiak.de/blog/view/panomarker/en
https://doi.org/10.1145/2513383.2513448
https://doi.org/10.1145/3342240

Crowdsourcing Annotating Storefront Accessibility Data Using 169

Marzano, Gilberto, et al. “Crowdsourcing Solutions for Supporting Urban Mobility.” Procedia
Computer Science, vol. 149, 2019, pp. 542-547.,

https://doi.org/10.1016/.procs.2019.01.174.

May, Andrew, et al. “Evaluating a Concept Design of a Crowd-Sourced ‘Mashup’ Providing
Ease-of-Access Information for People with Limited Mobility.” Transportation Research
Part C: Emerging Technologies, vol. 49, 2014, pp. 103—-113.,
doi:10.1016/j.trc.2014.10.007.

NYC DOT Pedestrian Ramps (DOT),

https://www1.nyc.gov/html/dot/html/pedestrians/pedramps.shtml, last visited Dec 2021

NYC Mayor's Office for People with Disabilities (MOPD)

https://www1.nyc.gov/site/mopd/index.page, last visited Dec 2021

NYC Open Data, https://opendata.cityofnewyork.us, last visited Dec 2021

Rundle, Andrew G., et al. “Using Google Street View to AUDIT NEIGHBORHOOD
Environments.” American Journal of Preventive Medicine, vol. 40, no. 1, 2011, pp. 94—
100., doi:10.1016/j.amepre.2010.09.034.

Russell, Bryan C., et al. “LabelMe: A Database and Web-Based Tool for Image Annotation.”
International Journal of Computer Vision, vol. 77, no. 1-3, 2007, pp. 157-173.,

https://doi.org/10.1007/s11263-007-0090-8.

Weld, Galen, et al. “Deep Learning for Automatically Detecting Sidewalk Accessibility
Problems Using Streetscape Imagery.” The 21st International ACM SIGACCESS
Conference on Computers and Accessibility, 2019,

https://doi.org/10.1145/3308561.3353798.

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge


https://www1.nyc.gov/html/dot/html/pedestrians/pedramps.shtml
https://www1.nyc.gov/site/mopd/index.page
https://opendata.cityofnewyork.us/
https://doi.org/10.1016/j.procs.2019.01.174
https://doi.org/10.1007/s11263-007-0090-8
https://doi.org/10.1145/3308561.3353798

Crowdsourcing Annotating Storefront Accessibility Data Using 170

Zhou, Bolei, et al. “Places: A 10 Million Image Database for Scene Recognition.” IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol. 40, no. 6, 2018, pp.

1452-1464., https://doi.org/10.1109/tpami.2017.2723009.

Journal on Technology and Persons with Disabilities
Santiago, J. (Eds): CSUN Assistive Technology Conference
© 2022 California State University, Northridge


https://doi.org/10.1109/tpami.2017.2723009

	2022 The Journal on Technology and Persons with Disabilities
	Creating Accessible XR Technologies: Rehabilitation for TBI  
	Loneliness in the Aging Population with Visual Disabilities 
	Preliminary Research on AI-generated Caption Accuracy Rate by Platforms and Variables 
	AI Based Recommendation and Assessment of AT for People with Cognitive Disabilities 
	A Tangible Manipulative for Inclusive Quadrilateral Learning 
	Online Learning & COVID-19: Exploring Digital Accessibility 
	AI-Based and Mobile Apps: Eight Studies Based on Post-Secondary Students’ Experiences 
	Teleconference Sign Language Detection 
	Caption UI/UX - Display Emotive and Paralinguistic Information in Captions 
	Getting in Touch With Tactile Map Automated Production: Evaluating impact and areas for improvement 
	Crowdsourcing Annotating Storefront Accessibility Data Using  
	Are Blind People Considered Scientific Knowledge Producers? An Accessibility Report on the Top 10 SCIE Journal Systems Using a Tripartite Evaluation Approach 
	Outdoor Navigation Assistants for Visually Impaired Persons: Problems and Challenges 
	The Decentralized Education of Digital Accessibility for Technologists 
	Design of Augmented Tactile Books for Blind Children 
	Video Game Trends Over Time for People with Disabilities 
	Learning with ADHD: A Review of Technologies and Strategies  
	People with Disabilities Online Engagement During COVID-19 
	Secure Color Combinations of Stairs for Senior Citizens 
	AR-Based Haptic Whiteboard User Interface for Blind People 


