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Alternative
Input Devices

Most Assistive

Technologies simulate Navigate web applications

Assistive keyboard navigation efficiently and independently
Technologies

Cannot use
point, click, or
touch devices

Wsn The keyboard is the foundation of digital accessibility for many
~  Assistive Technologies used by people with disabilities ‘
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Keyboard Navigation Example

Welcome Back

Please sign in to your account

Username

' 2 Enter your username

Password

Interactive

[E] Enter your password
Elements

Forgot your password?(Reset here ) 4
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Keyboard Navigation Example

Standard keyboard navigation actions
Welcome Back y g

Please sign in to your account

Tab Move forward
Username

2 Enter your username Tab

Password

@) Enter your password

Forgot your password? Reset here
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Keyboard Navigation Example

Standard keyboard navigation actions
Welcome Back y g

Please sign in to your account

Tab Move forward
Username )
2 Enter your username i 0
| Shift || + Tab Move backward
Password —— 7
&) Enter your password Shift + Tab

Forgot your password? Reset here
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Keyboard Navigation Example

Standard keyboard navigation actions
Welcome Back y g

Please sign in to your account

Tab Move forward
Username )
2 Enter your username
~ Shift |+ Tab Move backward
Password — h
Enter / Space Activate an element

@) Enter your password

Log | :

Forgot your password? Reset here
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Keyboard Navigation Example

Standard keyboard navigation actions
Welcome Back y g

Please sign in to your account

Tab Move forward
Username J
2 Enter your username = ,. —
- Shift  + | Tab Move backward
Password e *
Enter / Space Activate an element
(E] Enter your password S
<+ | 4 vy > Scroll / move
Log In n ) \ ) |
Esc Close modals or menus

Forgot your password? Reset here
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The Web Remains Unfriendly for Keyboard-Based Users

4 8 0/0 Welcome Back

. Please sign in to your account
of popular sites ek

lack full keyboard access [ tab |

r— re—— — Password

o Focus Problem

&) Enter your password

Forgot your password? Reset here

y .
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The Web Remains Unfriendly for Keyboard-Based Users

48%

of popular sites
lack full keyboard access

o Activation Problem

Welcome Back

Please sign in to your account

Username

2 Enter your username

Password

A Enter your password
- Cannot activate
L using ENTER

Forgot your password?( Reset here)

y .
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The Web Remains Unfriendly for Keyboard-Based Users

Tab Tab Tab Tab Tab Tab Tab Tab

[Movies ] [TV Shows][ New Releases ][ Genres ] [Watchlist ][ Favorites ][A ccccc t ]

48 /o Watch. Discover. Enjoy.

Of p Opul ar SiteS Millions of movies and TV shows. -
lack full keyboard access

Search movies

Inception (2010)
Sci-Fi, Thriller « 2h 28m « PG-13

Increased Effort
9 Tabs vs 1 mouse click

4
A thief who steals corporate secrets through the use of
dream-sharing technology is given the inverse task of
planting an idea into the mind of a CEO.

Accessibility involves not only whether interaction is possible, but also whether it is practical A
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Our Goal

Investigate and understand the navigation effort and discrepancies in Ul
behavior between keyboard and mouse navigation

What is the accessibility interaction cost for keyboard-based
— E USers to navigate a web page?

PAN

o - What effort is required for keyboard-based versus mouse

—————

= users to complete typical use cases in web apps?

\(

@ - G What are the differences in Ul behavior when interacting
with a web page via the keyboard versus the mouse?
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Methodology

Simulate web navigation using crawling tools that capture the different Ul states on each webpage

For Keyboard

@ 12/ ©
. A

'
,-/

100000000
[ mEEE] UM }

Keyboard-based crawler

We designed a tool (Krawler)
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The {K}eyboard Navigation C{rawler} Tool: Krawler

Simulates keyboard navigation on a given web page and generates a Keyboard Experience Representation (KER) model

- - @ <
. Log In
Discover our . lstmame
latest products.
: . \ a Password 04
Quality you can trust. Enter
Forgot password?
Privacy Policy [ Contact Us ]
Starts from the Tries all the standard Records the results of Repeats until no new
given web page and e keyboard actions on each action. If new states or elements are
finds all the interactive each interactive element elements appear, a new found.

elements Ul state is created ‘



Goal RQ1 RQ2 RQ3 Conclusions Takeaways l CS M E 2026

International Conference on

Software Maintenance and Evolution

The {K}eyboard Navigation C{rawler} Tool: Krawler

Simulates keyboard navigation on a given web page and generates a Keyboard Experience Representation (KER) model

Ul State 1 Ul State 2
S | [ \ Ul State X
| oo e | ece —_——— —
| # . | Space |
| Log In I—)l
| ' | | Enter || | |
| Discover our |y lkime [ ]
Ul State Y latest products. | I | -
— - - = I Quality you can trust. Enter it - I
| | Enter | | |
| — S |
I . | I I Forgot password? I
. e —_— - rivacy Polic ontact Us
| Privacy Policy L Contact U J | | |
| | |
Starts from the Tries all the standard Records the results of Repeats until no new
0 given web page and e keyboard actions on each action. If new a states or elements are
finds all the interactive each interactive element elements appear, a new found. The result is the

elements Ul state is created KER
https.//github.com/USC-SQL/krawler
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Methodology

Simulate web navigation using crawling tools that capture the different Ul states on each webpage

For Keyboard For Mouse

@ 12/ © e
. A

i '
r~~ |

10000000
[ ImEEE] Uﬂ 1

Keyboard-based crawler

ndh
’

Point-and-click crawlers

We designed a tool (Krawler) Crawljax Qualstate
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[E) About

8 Contact Learn more =
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Clicking or hovering over
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Point-and-Click Crawlers

0

E
&

Click creates a new Ul State

Home

Products

About

Contact

Products

Overview
Features
Pricing

Resources

click

Ul State 1 Ul State 2

click on Products - Drodicts

Products
Features

About About

Pricing

LY

O

88 Products Overview
®

&

Contact Contact Resources

hover

State 8

State Flow Graph
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Methodology

Simulate web navigation using crawling tools that capture the different Ul states on each webpage

For Keyboard For Mouse Testbed
D (2 (3 e g
W &

0 ]Uf 000
Tab [ OO U[“ }(%

Keyboard-based crawler

] Browsers Operating systems

& macos

== Windows

A Linux

el

Point-and-click crawlers

We designed a tool (Krawler) Crawljax Qualstate

-
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Subject Selection

4 N 4 N
Top 1,000 most popular o e
websites from Tranco List ‘@’ 4, &
. Education and w Financial

Social Media

\ Science - KEntertainmentj K Platforms J

Filter out: adult content,

malicious domains, etc. g A g N A

B AN NSt

: \

. o _ Shopping and . . Government

Total 492 eligible websites \__Travel J ~\_Business j  {__ Services ) \_ J
4 N O )

: MAYO
: CLINIC
Sample of 216 websites W

\ News ) KHeaIthcarej

y ..
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Our Goal

Investigate and understand the navigation effort and discrepancies in Ul
behavior between keyboard and mouse navigation

What is the accessibility interaction cost for keyboard-based
users to navigate a web page?
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RQ1: Full-page Traversal Effort

O @ https://example.com ¢
vo ______ @b O 1ab © b

A i Home i—- ¥ (Q Search —=9| Products ——%» & Login

e . |

| |

| |

' |
0 QTab

' |

' |

' |

: |

B e e v

About Us Privacy Policy | Contact

Full-page Traversal

Number of keystrokes required to return to the
first interactive element v0 --> ...--> VO
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RQ1: Results & Discussion

Avg. 125 keystrokes

3.1 minutes

to complete a full-page traversal
for keyboard-based users with a disability

1.5 sec/keystroke * 125 keystrokes = 3.1 min
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RQ1: Results & Discussion

- N CDF of Average Keystrokes Required for a Full-Page Traversal
Avg. 125 keystrokes
- (7)) 200 1
3.1 minutes G
to complete a full-page traversal o)
for keyboard-based users with a disability ® 150 -
1.5 sec/keystroke * 125 keystrokes = 3.1 min ;
\ Y Q
E 100-
c
Q
=
©
5 50
5
& —— Full-page iteration
0 -

0 50 100 150 200 250 300 350 400 450 500
Average keystrokes required
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RQ1: Results & Discussion

- ~ CDF of Average Keystrokes Required for a Full-Page Traversal

Avg. 125 keystrokes .

3.1 minutes gl /

to complete a full-page traversal
for keyboard-based users with a disability 150 - of su bjects required
> 140 keystrokes

1.5 sec/keystroke * 125 keystrokes = 3.1 min

. _J

100 -

( )

®

Cumulative number of subjects

50 -
> 3.5 minutes I
- Full-page iteration
to complete a full-page traversal 0- B P PR e
for keyboard-based users with a disability 0 200 250 300 350 400 450 500

1.5 sec/keystroke * 140 keystrokes = 3.5 min Average keystrokes required

y .
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Our Goal

Investigate and understand the navigation effort and discrepancies in Ul
behavior between keyboard and mouse navigation

o ¢ What effort is required for keyboard-based versus mouse

_____

= users to complete typical use cases in web apps?
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RQ2: Effort for Completing Typical Use-Cases

1. Homepage 2. Results 3. Product page 4. Add to cart 5. Checkout

@ f. ° ) f. ® B (i &)

» - 0 - =
$49.99 Added to cart O O

$

/ o / " / . J

¢ Q)
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' Tab —> |
—) )
{Enter <« J

Chose one individual

Defined 13 Use Case Use Case for each of Executed each Use Executed each Use

Categories (e.g., Search & the 216 websites e Case and_counted 9 Case and counted
Purchase, etc.) (e.g., Buying a product) mouse clicks keystrokes

y .



Use Case Categories

Average clicks vs. keystrokes required to complete the use-cases

Social Media
Search & Purchase

Connect & Meet

Access & Connect

Explore & Watch

Explore &

Goal Methodology RQ1 “

RQ3

Conclusions

RQ2: Results & Discussion

7]

L L LSS )

-
LSS A

o ———————— e
VA

Compare 1

Start your
Journey

Create

Download

Sign Up

T A——————
7777777777 777 77 77 777 7]

7
7777777777772

T E———
77777777777 7777713

KN oW | €0 g e

Discovery

C oo te N -

Exploration

Effort in number of keystrokes and clicks on logarithmic scale

vV 7
[Z—4 Point-and-click users

s P Keyboard-based users

10 100

Takeaways

ICSME 2026

International Conference on
Software Maintenance and Evolution




SIS USC Goal Methodology RQ1 “ RQ3 Conclusions Takeaways l CS M E 2026

International Conference on

Software Maintenance and Evolution

RQ2: Results & Discussion

Average clicks vs. keystrokes required to complete the use-cases

5x more effort =

on average for keyboard-based users

Social Media )

Search & Purchase '

L L Ly L)
|

Connect & Meet

///////////////////l///////A

Access & Connect i

Average: 50 keystrokes versus 10 mouse

|
| | -
Explore & Watch | 1 CI |CkS
- ]
VA 1
Explore & : \ J
Compare —
P . f D
Start your ‘

-3
Journey (7777777777777 77777777
|

Create M
7777777777772

75 seconds ®

for a keyboard-based user with a disability

versus 11 seconds

for a mouse user

|
|
Download —|
1

Sign Up e ——

L LSS LA

Use Case Categories

K N OW | € 0l g € e
Discovery FZ3 :

Content | S [(Z  Point-and-click users
Exploration [ Z 7] : -I Keyboard-based users 1 5 SeC/keyStrOke * 50 keyStrOkeS — 75 seC
— —————— 1.1 sec/click * 10 = 11 sec
Effort in number of keystrokes and clicks on logarithmic scale g y
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Our Goal

Investigate and understand the navigation effort and discrepancies in Ul
behavior between keyboard and mouse navigation

@ - G What are the differences in Ul behavior when interacting
with a web page via the keyboard versus the mouse?
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Mouse Navigation

Click on Products

Hover on Products
® O
0 e opens a dropdown opens All Products
. page
Home ' Products Login Home Products J Login
Shoes
All Products

Accessories

New Arrivals

Featured Collection
Discover our latest styles.

ICSME 2026

International Conference on
Software Maintenance and Evolution
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RQ3: Ul Behavior Differences

4 )
Keyboard Navigation
eve
Tab Tab Home LProducts ] v
"X K | ' XK ) o0 e / Enter All Products
: Home ( Products 1
Home Products Login L Home ] Products Login
o0 e
Tab Home Products v
B Shoes
/ Accessories
° ° ° Enter New Arrivals
Featured Collection Featured Collection Featured Collection
Discover our latest styles. Discover our latest styles. Discover our latest stvles. .
Featured Collection
Discover our latest styles.
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Mouse Navigation

~ Hover on Products PUPAPS
opens a dropdown
Home i Products Login Home . Products
Shoes

All Products

Accessories

New Arrivals

Featured Collection
Discover our latest styles.

Crawljax & Qualstate

N\ 4
Keyboard Navigation
; ove
Click on Products L et L Tt | Home v
opens All Products p
page 'YX 'YX o0e Enter All Products
e
) Home Products Login Home Products Login
o0 e
Tab Home Products v
o - Shoes
Accessories
o o . Enter New Arrivals
Featured Collection Featured Collection Featured Collection \
Discover our latest styles. Discover our latest styles. Discover our latest stvles.
Featured Collection
Discover our latest styles.
_J .
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RQ3: Results & Discussion

Tab ) @ ® ® Tab
f A o : e A
Skip to menu Home Products v Login
Home Products Login

r Eﬁ
b -
38% of subjects

Krawler found extra
Keyboard-only states

Featured Collection

Discover our latest styles.

Featured Collection

Discover our latest styles. Shop Now
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RQ3: Results & Discussion

Welcome Back

Please sign in to your account

§ ) Welcome Back

Please sign in to your account

Username Username
| Tab
2 Enter your username J 2 Enter your username
Password Password

&) Enter your password

190/0 Of cases ﬁ Enter your password

Mouse-only states inaccessible
by keyboard

Log In Log In

S o o Focus Problem C:;'i?];t é‘;fl'.‘é?;e
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Conclusions

—_—f A keyboard-based user needs on average 125 keystrokes to
- navigate a web page

\_ _J
4 )
o o complete typical use cases, a keyboard-based user
Y 5 needs on average 5 times more effort compared to mouse
E=3 users
\_ _J
( )

@ . Keyboard-based and mouse users often experience
differences in Ul behaviors
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Design Patterns & Antipatterns

What helps or hurts keyboard navigation?

- Design Patterns N Design Antipatterns \

= Include skip content links Avoid grouped components

o e gl < > with no escape mechanism
Reduce effort on full-page traversal ~15% o0 oV e

(RQ1) and completing tasks ~50% (RQ2) Increase keyboard effort ~27% (RQ1)

Avoid infinite scroll

( . :
e “|  Use focus shift e P —— J,
—>
. o e Hard to reach footer content (RQ1)
C—| Support smoother task flows ~77% (RQ2) and complete tasks (RQ2)

Avoid mismanaged keyboard
events

Keyboard-based users could be stuck in
navigation (RQ1)

<button>Buy Now</button> Use native HTML elements o ———

lect>...</select o o
e ::::.. /: 0/ s:n.?:L; i Ensure built-in keyboard accessibility
e (RQ3)
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Skip to Content Example

Skip to Main Content Skip to Footer
Tabgla Advertisers Publishers Taboola News Company Vv Tab@'a Advertisers Publishers Taboola News Company Vv

Performance Performance

(a) First | Tab| button link saves 32 keystrokes to Main Content (b) Second button link saves 83 keystrokes to Footer

Skip to content feature enhances keyboard navigation by allowing users to bypass
sections of the web page

y .
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Use of Focus Shift

Take Zendesk for
a spin

See how our customer service solutions
bring ease to the customer experience.

(a) Key focus automatically shifts into dialog (Zendesk) (b) Key focus does not automatically shift into dialog (Autodesk)

Moving keyboard focus to a dialog when it appears, reducing effort for keyboard users.

y .
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Use of Native HTML Elements

Newsweek (C

Q A I CONTACT US I
skipped a

Top Stories

-
— -~ »
“

»
fow To Spot And Elimenate ¥ Roe
Y Organz ator
f re -y 305 Bach
I ona

(a) Focusable and actionable (Wikipedia) (b) Not focusable, not actionable (Equativ) (c) Not focusable, actionable (Newsweek)

Standard HTML controls provide built-in keyboard accessibility (a).
Non-standard HTML controls can hinder keyboard navigation (b, c).

y .
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Examples of Keyboard Traps

Skip to navigation
(7 Optimizely Produ
e lma

CDUCT MO £S
9 E—ONte 2 rketing Platform

E1 Content Management S ystem

20,21,22,23

shargibowe N cWis
and .‘

e z 15,1617 1819 B

juct r imap -
aII In one NEW:! ARTIST OF THE DAY EVERYBODY LOVES A LIST! TOP 8 PORTRAITS 10 THINGS MORE ¥
-5 .X

(a) Focus trapped within elements 2-9, with no way to (b) Focus remains trapped in element 24 until the input is com-
exit using or | Shift |+| Tab | (Optimizely) pleted, preventing escape (Myspace)

Keyboard traps can make parts of, or even the entire web page, inaccessible to keyboard users
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Improperly hidden interactive elements, could increase
the keyboard navigation effort

Shop v Research Libraries v Publishing Services v Education Resources v Professional Development v

COMPLEX QUESTIONS, SIMPLE ANSWERS

Ask Dummies Al

Got a question? Ask Dummies. A Dummies Al tool powered by Perplexity's answer engine, Ask Dummies giMESBL instant acCeSSito clear, no-

nonsense explanations from our massive library of how-to content. - @

g - --

Fig. 8. Wiley home page showing improperly hidden sub-menu items in the top navigation menus of the page
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Onabu>wacav Kapber~aAsuto [lovnws Katar~ruv  #allomw~rao Bxoa u perv~Toaumn PaamecTum- ~GpaBnexve

@ Bo Bcex permoHax

[eTckmin yemonaH trunki Cron co cTynbsaMu YXOHHanA rapHUTYypa 66 WsenHan MawmnHka
1978 P . CknaaHow .. 19565P3ascé «. MundiossTym
65009 @ Hosocubupck, O an 3000#P

Momows BesonacHocTh PeknamaHacante OkoMnanmn Kapbepa Asuto XypHan bBnor #salomorawo [Mpunoxenne KaprtacawTta

INeHun | CvM 00 KEX eKomme
ONMNTUKA KOHOUMAeHW
ABMTO MCNONL3YET PEKOMEHAATENbHBIE TEXHONO

Fig. 9. Avito home page showing infinite scrolling component to constantly load new product listings to the page
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The Keyboard Experience Representation (KER) Model

Ul State 1 Ul State 2
" ] Tab Tab ) ‘\ " ’ ) s‘
: Home C[ Products C[ About J ; e Er’[ Username E
v [ v ' _ ; Ul State 1 Ul State 2
: Shift+Tab | Shift+Tab | // ’:".' : ShifteTab ( ) Tab :
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