

https://doi.org/10.1145/3411764.3445040
https://doi.org/10.1145/3411764.3445040
mailto:permissions@acm.org
mailto:vpotluri,tadg99,jonf,jmankoff>@cs.uw.edu









https://SD=11.18
























https://www.nvaccess.org/files/nvda/documentation/userGuide.html
https://www.nvaccess.org/files/nvda/documentation/userGuide.html
https://doi.org/10.1145/2935334.2935361
https://doi.org/10.1145/2935334.2935361
https://doi.org/10.1145/3132525.3132550
https://support.apple.com/guide/iphone/welcome/ios
https://support.apple.com/guide/iphone/welcome/ios
https://support.apple.com/guide/mac-help/welcome/mac
https://support.apple.com/guide/mac-help/welcome/mac
https://developer.apple.com/xcode/swiftui/
https://www.apple.com/accessibility/mac/vision/
https://www.apple.com/accessibility/mac/vision/
https://doi.org/10.1145/3075222
https://doi.org/10.1145/2513383.2513445
https://doi.org/10.1145/3178412.3178415
https://doi.org/10.1145/3178412.3178415
https://doi.org/10.1145/2982142.2982209
https://doi.org/10.1145/2982142.2982209
https://doi.org/10.1145/1296843.1296854
https://doi.org/10.1145/1296843.1296854
https://doi.org/10.1145/1866029.1866080
https://doi.org/10.1145/1502650.1502677
https://doi.org/10.1145/1502650.1502677
https://www.blindsquare.com/
https://addons.nvda-project.org/addons/developerToolkit.en.html
https://addons.nvda-project.org/addons/developerToolkit.en.html
https://doi.org/10.1145/3240925.3240981
https://doi.org/10.1145/2148131.2148160
https://aira.io/
https://support.microsoft.com/en-us/office/create-professional-slide-layouts-with-powerpoint-designer-53c77d7b-dc40-45c2-b684-81415eac0617
https://support.microsoft.com/en-us/office/create-professional-slide-layouts-with-powerpoint-designer-53c77d7b-dc40-45c2-b684-81415eac0617
https://support.microsoft.com/en-us/office/create-professional-slide-layouts-with-powerpoint-designer-53c77d7b-dc40-45c2-b684-81415eac0617
https://www.microsoft.com/en-us/ai/seeing-ai
https://www.microsoft.com/en-us/ai/seeing-ai
https://doi.org/10.1145/3126594.3126651

[26] LightHouse for the Blind and Visually Impaired. 2020. TMAP: Tactile Maps

Automated Production. https://lighthouse-sf.org/tmap/

Stéphanie Giraud, Anke M. Brock, Marc J.-M. Macé, and Christophe Jouffrais. 2017.
Map Learning with a 3D Printed Interactive Small-Scale Model: Improvement
of Space and Text Memorization in Visually Impaired Students. Frontiers in
Psychology 8 (2017), 930. https://doi.org/10.3389/fpsyg.2017.00930

Google. 2019. Android Accessibility Help. https://support.google.com/
accessibility/android/answer/9031274?hl=en

Google. 2019. Android Help. https://support.google.com/android/?hl=en#topic=
7313011

INC Google. 2019. TalkBack. Google, Mountainview, Ca. https://support.google.
com/accessibility/android/answer/6283677?hl=en

Jenna L. Gorlewicz, Jennifer L. Tennison, P. Merlin Uesbeck, Margaret E. Richard,
Hari P. Palani, Andreas Stefik, Derrick W. Smith, and Nicholas A. Giudice. 2020.
Design Guidelines and Recommendations for Multimodal, Touchscreen-Based
Graphics. ACM Trans. Access. Comput. 13, 3, Article 10 (Aug. 2020), 30 pages.
https://doi.org/10.1145/3403933

Darren Guinness, Annika Muehlbradt, Daniel Szafir, and Shaun K. Kane. 2019.
RoboGraphics: Using Mobile Robots to Create Dynamic Tactile Graphics. In The
21st International ACM SIGACCESS Conference on Computers and Accessibility
(Pittsburgh, PA, USA) (ASSETS ’19). Association for Computing Machinery, New
York, NY, USA, 673-675. https://doi.org/10.1145/3308561.3354597

01449290500330448 arXiv:https://doi.org/10.1080/01449290500330448

Jack M Loomis, Roberta L Klatzky, Reginald G Golledge, Joseph G Cicinelli,
James W Pellegrino, and Phyllis A Fry. 1993. Nonvisual navigation by blind
and sighted: assessment of path integration ability. Journal of Experimental
Psychology: General 122, 1 (1993), 73.

Christina Low, Emma McCamey, Cole Gleason, Patrick Carrington, Jeffrey P.
Bigham, and Amy Pavel. 2019. Twitter A1ly: A Browser Extension to Describe
Images. In The 21st International ACM SIGACCESS Conference on Computers and
Accessibility (Pittsburgh, PA, USA) (ASSETS ’19). Association for Computing Ma-
chinery, New York, NY, USA, 551-553. https://doi.org/10.1145/3308561.3354629
A. Lundgard, C. Lee, and A. Satyanarayan. 2019. Sociotechnical Considerations
for Accessible Visualization Design. In 2019 IEEE Visualization Conference (VIS).
16-20. https://doi.org/10.1109/VISUAL.2019.8933762

Microsoft. 2019. Windows 10 Manual User Guide 2019. https://windows10-
guide.com/

Microsoft. 2020. Microsoft Soundscape: a map delivered in 3D sound. https:
//www.microsoft.com/en-us/research/product/soundscape/

Microsoft. 2020. Office 365. https://www.microsoft.com/en-us/microsoft-365
Meredith Ringel Morris, Jazette Johnson, Cynthia L. Bennett, and Edward Cutrell.
2018. Rich Representations of Visual Content for Screen Reader Users. In Pro-
ceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(Montreal QC, Canada) (CHI ’18). ACM, New York, NY, USA, Article 59, 11 pages.

[33] Wagqar Haider and Yeliz Yesilada. 2020. Tables on the Web Accessible? Unfortu- https://doi.org/10.1145/3173574.3173633
nately Not!. In Proceedings of the 17th International Web for All Conference (Taipei, [53] NV Access. 2019. Nonvisual Desktop Access. NV Access. https://www.nvaccess.
Taiwan) (W4A °20). Association for Computing Machinery, New York, NY, USA, org/
Article 7, 5 pages. https://doi.org/10.1145/3371300.3383349 [54] Musharraf Omer. 2019. Audio Themes. https://addons.nvda-project.org/addons/
[34] Web Accessibility initiative. 1999. Understanding Success Criterion 1.3.1: Info AudioThemes.uk.html
and Relationships. url. Retrieved Jan 16, 2020 from https://www.w3.org/WAI/ [55] Steve Oney, Alan Lundgard, Rebecca Krosnick, Michael Nebeling, and Wal-

WCAG21/Understanding/info-and-relationships.html.

Web Accessibility initiative. 2019. Tables Consepts. Retrieved January 16, 2020
from https://www.w3.org/WAI/tutorials/tables/.

Shaun K. Kane, Jeffrey P. Bigham, and Jacob O. Wobbrock. 2008. Slide Rule:
Making Mobile Touch Screens Accessible to Blind People Using Multi-touch
Interaction Techniques. In Proceedings of the 10th International ACM SIGACCESS
Conference on Computers and Accessibility (Halifax, Nova Scotia, Canada) (ASSETS
’08). ACM, New York, NY, USA, 73-80. https://doi.org/10.1145/1414471.1414487
Shaun K. Kane, Meredith Ringel Morris, Annuska Z. Perkins, Daniel Wigdor,
Richard E. Ladner, and Jacob O. Wobbrock. 2011. Access Overlays: Improving
Non-visual Access to Large Touch Screens for Blind Users. In Proceedings of
the 24th Annual ACM Symposium on User Interface Software and Technology
(Santa Barbara, California, USA) (UIST ’11). ACM, New York, NY, USA, 273-282.
https://doi.org/10.1145/2047196.2047232

Shaun K. Kane, Jacob O. Wobbrock, and Richard E. Ladner. 2011. Usable Gestures
for Blind People: Understanding Preference and Performance. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems (Vancouver, BC,
Canada) (CHI ’11). ACM, New York, NY, USA, 413-422. https://doi.org/10.1145/
1978942.1979001

Rushil Khurana, Duncan Mclsaac, Elliot Lockerman, and Jennifer Mankoff. 2018.
Nonvisual Interaction Techniques at the Keyboard Surface. In Proceedings of
the 2018 CHI Conference on Human Factors in Computing Systems (Montreal
QC, Canada) (CHI ’18). ACM, New York, NY, USA, Article 11, 12 pages. https:
//doi.org/10.1145/3173574.3173585

Ravi Kuber, Wai Yu, and Graham McAllister. 2007. A Non-visual Approach to
Improving Collaboration Between Blind and Sighted Internet Users. In Universal
Access in Human-Computer Interaction. Applications and Services, Constantine
Stephanidis (Ed.). Springer Berlin Heidelberg, Berlin, Heidelberg, 913-922.
Ranjitha Kumar, Arvind Satyanarayan, Cesar Torres, Maxine Lim, Salman Ahmad,
Scott R. Klemmer, and Jerry O. Talton. 2013. Webzeitgeist: Design Mining the
Web. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (Paris, France) (CHI ’13). Association for Computing Machinery, New
York, NY, USA, 3083-3092. https://doi.org/10.1145/2470654.2466420

Richard E. Ladner, Melody Y. Ivory, Rajesh Rao, Sheryl Burgstahler, Dan Comden,
Sangyun Hahn, Matthew Renzelmann, Satria Krisnandi, Mahalakshmi Ramasamy,
Beverly Slabosky, Andrew Martin, Amelia Lacenski, Stuart Olsen, and Dmitri
Groce. 2005. Automating Tactile Graphics Translation. In Proceedings of the
7th International ACM SIGACCESS Conference on Computers and Accessibility
(Baltimore, MD, USA) (Assets "05). Association for Computing Machinery, New
York, NY, USA, 150-157. https://doi.org/10.1145/1090785.1090814

Eric Lawrence. 2020. Fiddler-Free Web Debugging Proxy. https://www.telerik.
com/fiddler

Jingyi Li, Son Kim, Joshua A. Miele, Maneesh Agrawala, and Sean Follmer. 2019.
Editing spatial layouts through tactile templates for people with visual impair-
ments. In Proceedings of the 2019 CHI Conference on Human Factors in Computing
Systems (Glasgow, Scotland Uk) (CHI '19). ACM, New York, NY, USA, Article 206,
11 pages. https://doi.org/10.1145/3290605.3300436

Gitte Lindgaard, Gary Fernandes, Cathy Dudek, and J. Brown. 2006. Attention
web designers: You have 50 milliseconds to make a good first impression! Be-
haviour & Information Technology 25, 2 (2006), 115-126. https://doi.org/10.1080/

ter S. Lasecki. 2018. Arboretum and Arbility: Improving Web Accessibility
Through a Shared Browsing Architecture. In Proceedings of the 31st Annual
ACM Symposium on User Interface Software and Technology (Berlin, Germany)
(UIST °18). Association for Computing Machinery, New York, NY, USA, 937-949.
https://doi.org/10.1145/3242587.3242649

Pavel Panchekha, Adam T. Geller, Michael D. Ernst, Zachary Tatlock, and Shoaib
Kamil. 2018. Verifying That Web Pages Have Accessible Layout. SIGPLAN Not.
53, 4 (June 2018), 1-14. https://doi.org/10.1145/3296979.3192407

Sujeath Pareddy, Anhong Guo, and Jeffrey P. Bigham. 2019. X-Ray: Screenshot
Accessibility via Embedded Metadata. In The 21st International ACM SIGACCESS
Conference on Computers and Accessibility (Pittsburgh, PA, USA) (ASSETS ’19).
Association for Computing Machinery, New York, NY, USA, 389-395. https:
//doi.org/10.1145/3308561.3353808

Venkatesh Potluri, Tad Grindeland, Jon E. Froehlich, and Jennifer Mankoff. 2019.
Al-Assisted UI Design for Blind and Low-Vision Creators.

Venkatesh Potluri, Liang He, Christine Chen, Jon E. Froehlich, and Jennifer
Mankoff. 2019. A Multi-Modal Approach for Blind and Visually Impaired
Developers to Edit Webpage Designs. In The 21st International ACM SIGAC-
CESS Conference on Computers and Accessibility (Pittsburgh, PA, USA) (AS-
SETS ’19). Association for Computing Machinery, New York, NY, USA, 612-614.
https://doi.org/10.1145/3308561.3354626

Hrishikesh V. Rao and Sile O’Modhrain. 2020. 2Across: A Comparison of Audio-
Tactile and Screen-Reader Based Representations of a Crossword Puzzle. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems
(Honolulu, HI, USA) (CHI °20). Association for Computing Machinery, New York,
NY, USA, 1-12. https://doi.org/10.1145/3313831.3376207

Eva-Lotta Sallnés, Kajsa Bjerstedt-Blom, Fredrik Winberg, and Kerstin Severinson
Eklundh. 2006. Navigation and Control in Haptic Applications Shared by Blind
and Sighted Users. In Haptic and Audio Interaction Design, David McGookin and
Stephen Brewster (Eds.). Springer Berlin Heidelberg, Berlin, Heidelberg, 68-80.
Ashrith Shetty, Ebrima Jarjue, and Huaishu Peng. 2020. Tangible Web Layout
Design for Blind and Visually Impaired People: An Initial Investigation. In Adjunct
Publication of the 33rd Annual ACM Symposium on User Interface Software and
Technology (Virtual Event, USA) (UIST "20 Adjunct). Association for Computing
Machinery, New York, NY, USA, 37-39. https://doi.org/10.1145/3379350.3416178
Lei Shi, Yuhang Zhao, Elizabeth Kupferstein, and Shiri Azenkot. 2019. A Demon-
stration of Molder: An Accessible Design Tool for Tactile Maps. In The 21st
International ACM SIGACCESS Conference on Computers and Accessibility (Pitts-
burgh, PA, USA) (ASSETS ’19). Association for Computing Machinery, New York,
NY, USA, 664-666. https://doi.org/10.1145/3308561.3354594

Alexa F. Siu, Son Kim, Joshua A. Miele, and Sean Follmer. 2019. ShapeCAD:
An Accessible 3D Modelling Workflow for the Blind and Visually-Impaired Via
2.5D Shape Displays. In The 21st International ACM SIGACCESS Conference on
Computers and Accessibility (Pittsburgh, PA, USA) (ASSETS ’19). Association for
Computing Machinery, New York, NY, USA, 342-354. https://doi.org/10.1145/
3308561.3353782

Abigale Stangl, Jeeeun Kim, and Tom Yeh. 2014. 3D Printed Tactile Picture
Books for Children with Visual Impairments: A Design Probe. In Proceedings
of the 2014 Conference on Interaction Design and Children (Aarhus, Denmark)
(IDC ’14). Association for Computing Machinery, New York, NY, USA, 321-324.


https://lighthouse-sf.org/tmap/
https://doi.org/10.3389/fpsyg.2017.00930
https://support.google.com/accessibility/android/answer/9031274?hl=en
https://support.google.com/accessibility/android/answer/9031274?hl=en
https://support.google.com/android/?hl=en#topic=7313011
https://support.google.com/android/?hl=en#topic=7313011
https://support.google.com/accessibility/android/answer/6283677?hl=en
https://support.google.com/accessibility/android/answer/6283677?hl=en
https://doi.org/10.1145/3403933
https://doi.org/10.1145/3308561.3354597
https://doi.org/10.1145/3371300.3383349
https://www.w3.org/WAI/WCAG21/Understanding/info-and-relationships.html
https://www.w3.org/WAI/WCAG21/Understanding/info-and-relationships.html
https://www.w3.org/WAI/tutorials/tables/
https://doi.org/10.1145/1414471.1414487
https://doi.org/10.1145/2047196.2047232
https://doi.org/10.1145/1978942.1979001
https://doi.org/10.1145/1978942.1979001
https://doi.org/10.1145/3173574.3173585
https://doi.org/10.1145/3173574.3173585
https://doi.org/10.1145/2470654.2466420
https://doi.org/10.1145/1090785.1090814
https://www.telerik.com/fiddler
https://www.telerik.com/fiddler
https://doi.org/10.1145/3290605.3300436
https://doi.org/10.1080/01449290500330448
https://doi.org/10.1080/01449290500330448
https://arxiv.org/abs/https://doi.org/10.1080/01449290500330448
https://doi.org/10.1145/3308561.3354629
https://doi.org/10.1109/VISUAL.2019.8933762
https://windows10-guide.com/
https://windows10-guide.com/
https://www.microsoft.com/en-us/research/product/soundscape/
https://www.microsoft.com/en-us/research/product/soundscape/
https://www.microsoft.com/en-us/microsoft-365
https://doi.org/10.1145/3173574.3173633
https://www.nvaccess.org/
https://www.nvaccess.org/
https://addons.nvda-project.org/addons/AudioThemes.uk.html
https://addons.nvda-project.org/addons/AudioThemes.uk.html
https://doi.org/10.1145/3242587.3242649
https://doi.org/10.1145/3296979.3192407
https://doi.org/10.1145/3308561.3353808
https://doi.org/10.1145/3308561.3353808
https://doi.org/10.1145/3308561.3354626
https://doi.org/10.1145/3313831.3376207
https://doi.org/10.1145/3379350.3416178
https://doi.org/10.1145/3308561.3354594
https://doi.org/10.1145/3308561.3353782
https://doi.org/10.1145/3308561.3353782

[66

[67

]

https://doi.org/10.1145/2593968.2610482

Markel Vigo and Simon Harper. 2013. Coping tactics employed by visually
disabled users on the web. International Journal of Human-Computer Studies 71,
11 (2013), 1013 - 1025. https://doi.org/10.1016/j.ijhcs.2013.08.002

Thorsten Volkel and Gerhard Weber. 2008. RouteCheckr: Personalized Multi-
criteria Routing for Mobility Impaired Pedestrians. In Proceedings of the 10th
International ACM SIGACCESS Conference on Computers and Accessibility (Hal-
ifax, Nova Scotia, Canada) (Assets ‘08). Association for Computing Machinery,
New York, NY, USA, 185-192. https://doi.org/10.1145/1414471.1414506

[68] Kristin Williams, Taylor Clarke, Steve Gardiner, John Zimmerman, and Anthony

[69

Tomasic. 2019. Find and Seek: Assessing the Impact of Table Navigation on
Information Look-up with a Screen Reader. ACM Trans. Access. Comput. 12, 3,
Article 11 (Aug. 2019), 23 pages. https://doi.org/10.1145/3342282

Yeliz Yesilada, Robert Stevens, Carole Goble, and Shazad Hussein. 2004. Rendering
Tables in Audio: The Interaction of Structure and Reading Styles. In Proceedings of
the 6th International ACM SIGACCESS Conference on Computers and Accessibility
(Atlanta, GA, USA) (Assets '04). ACM, New York, NY, USA, 16-23. https://doi.
org/10.1145/1028630.1028635


https://doi.org/10.1145/2593968.2610482
https://doi.org/10.1016/j.ijhcs.2013.08.002
https://doi.org/10.1145/1414471.1414506
https://doi.org/10.1145/3342282
https://doi.org/10.1145/1028630.1028635
https://doi.org/10.1145/1028630.1028635

	Abstract
	1 Introduction
	2 Background and Related Work
	2.1 Standard Screen Reading Access to Desktops
	2.2 Touchscreen and Smartphone Access
	2.3 Tasks That Require Spatial Information
	2.4 Accessing and Understanding Visual Information

	3 Study
	3.1 Method

	4 Findings
	4.1 Importance of and Access to Visual Semantics
	4.2 Mental Models of Visual Semantics
	4.3 Prototyping and Creation of Visual Semantics

	5 Discussion
	5.1 Provide Multi-Modal Access to Visual Semantics
	5.2 Positioning Information and Verbal Descriptions
	5.3 Adaptive Visual Semantic Presentation
	5.4 Increasing Prototyping Ability
	5.5 Limitations
	5.6 Deviating From Normative Notions of Visual Semantic Access
	5.7 Ethical Considerations

	6 Conclusion
	Acknowledgments
	References

