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That’s 1 in 6 of us

16% of the  
Global Population  
live with a disability
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Cannot use 
point, click, or 
touch devices
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Screen Readers

Speech Input

Alternative 
Input Devices

Assistive  
Technologies

Cannot use 
point, click, or 
touch devices
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Most Assistive 
Technologies simulate 
keyboard navigation

Navigate web applications 
efficiently and independently

Screen Readers

Speech Input

Alternative 
Input Devices

Assistive  
Technologies

Cannot use 
point, click, or 
touch devices

The keyboard is the foundation of digital accessibility for many 
Assistive Technologies used by people with disabilities
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How does Keyboard 
Navigation actually 

work?



Keyboard Navigation Example

1

3

4

Interactive  
Elements}2

7



8

Keyboard Navigation Example
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Keyboard Navigation Example
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Keyboard Navigation Example
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Keyboard Navigation Example



The Web Remains Unfriendly for Keyboard-Based Users

48%  
of popular sites  
lack full keyboard access 

Focus Problem
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The Web Remains Unfriendly for Keyboard-Based Users

48%  
of popular sites  
lack full keyboard access 

Activation Problem Cannot activate 
using ENTER
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The Web Remains Unfriendly for Keyboard-Based Users

48%  
of popular sites  
lack full keyboard access 

Increased Effort 
9 Tabs vs 1 mouse click

Accessibility involves not only whether interaction is possible, but also whether it is practical 14



Our Goal

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

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

RQ2 What effort is required for keyboard-based versus mouse 
users to complete typical use cases in web apps?

RQ3 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 UI states on each webpage

We designed a tool (Krawler)

Keyboard-based crawler
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The {K}eyboard Navigation C{rawler} Tool: Krawler

Starts from the 
given web page and 
finds all the interactive 
elements

1
Tries all the standard 
keyboard actions on 
each interactive element

2
Records the results of 
each action. If new 
elements appear, a new 
UI state is created

3

17

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

Repeats until no new 
states or elements are 
found.

4



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

Starts from the 
given web page and 
finds all the interactive 
elements

1
Tries all the standard 
keyboard actions on 
each interactive element

2
Records the results of 
each action. If new 
elements appear, a new 
UI state is created

3
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Simulates keyboard navigation on a given web page and generates a Keyboard Experience Representation (KER) model

Repeats until no new 
states or elements are 
found. The result is the 
KER

4

UI State 1 UI State 2

UI State X

UI State Y

Enter

Space

Enter

https://github.com/USC-SQL/krawler



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

Point-and-click crawlers

Crawljax Qualstate

RQ1 RQ2 RQ3

We designed a tool (Krawler)

Keyboard-based crawler
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Point-and-Click Crawlers

20

Clicking or hovering over  
interactive elements

Click creates a new UI  State

State Flow Graph



RQ3

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

RQ1 RQ2 RQ3

We designed a tool (Krawler)

Keyboard-based crawler

21

Point-and-click crawlers

Crawljax Qualstate

Testbed



Subject Selection

Top 1,000 most popular 
websites from Tranco List

Social Media Education and 
Science

Financial 
Platforms

Shopping and 
Travel Business Services

News Healthcare

Government

Entertainment

Filter out: adult content, 
malicious domains, etc.

Total 492 eligible websites

Sample of 216 websites 
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Our Goal

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

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

…

Number of keystrokes required to return to the  
first interactive element

Full-page Traversal

24



25

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
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Average keystrokes required

CDF of Average Keystrokes Required for a Full-Page Traversal

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
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Average keystrokes required

CDF of Average Keystrokes Required for a Full-Page Traversal

140

> 140 keystrokes  

}
25% of subjects required

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 

25% of users 
> 3.5 minutes 
to complete a full-page traversal 
for keyboard-based users with a disability 
1.5 sec/keystroke * 140 keystrokes = 3.5 min 
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Our Goal

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

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

RQ2 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
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RQ2: Effort for Completing Typical Use-Cases

Executed each Use 
Case and counted 
keystrokes

4
Executed each Use 
Case and counted 
mouse clicks

3

Chose one individual 
Use Case for each of 
the 216 websites 
(e.g., Buying a product)

2
Defined 13 Use Case 
Categories (e.g., Search & 
Purchase, etc.)

1
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RQ2: Results & Discussion
Average clicks vs. keystrokes required to complete the use-cases

Effort in number of keystrokes and clicks on logarithmic scale

U
se

 C
as

e 
C

at
eg

or
ie

s

Social Media 

Search & Purchase

Connect & Meet

Access & Connect

Explore & Watch

Explore & 
Compare

Start your 
Journey

Create

Download

Sign Up

Knowledge 
Discovery

Content 
Exploration

Point-and-click users

Keyboard-based users
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RQ2: Results & Discussion
Average clicks vs. keystrokes required to complete the use-cases

Effort in number of keystrokes and clicks on logarithmic scale

U
se

 C
as

e 
C

at
eg

or
ie

s

Social Media 

Search & Purchase

Connect & Meet

Access & Connect

Explore & Watch

Explore & 
Compare

Start your 
Journey

Create

Download

Sign Up

Knowledge 
Discovery

Content 
Exploration

Point-and-click users

Keyboard-based users

10 50

5x more effort 
on average for keyboard-based users 

Average: 50 keystrokes versus 10 mouse 
clicks

75 seconds  
for a keyboard-based user with a disability 

versus 11 seconds  
for a mouse user 
1.5 sec/keystroke * 50 keystrokes = 75 sec 
1.1 sec/click * 10 = 11 sec 
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Our Goal

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

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

RQ2 What effort is required for keyboard-based versus mouse users to 
complete typical use cases in web apps?

RQ3 What are the differences in Ul behavior when interacting 
with a web page via the keyboard versus the mouse?
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RQ3: UI Behavior Differences

Mouse Navigation

Click on Products 
opens All Products 

page

Hover on Products 
opens a dropdown
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RQ3: UI Behavior Differences

Keyboard Navigation 



KrawlerCrawljax & Qualstate
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RQ3: UI Behavior Differences

Mouse Navigation

Hover on Products 
opens a dropdown

Click on Products 
opens All Products 

page

Keyboard Navigation 



37

RQ3: Results & Discussion

38% of subjects
Krawler found extra  

Keyboard-only states
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RQ3: Results & Discussion

19% of cases
Mouse-only states inaccessible 

by keyboard

Focus Problem Cannot activate 
using ENTER
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Conclusions 

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

RQ1

Keyboard-based and mouse users often experience 
differences in Ul behaviorsRQ3

To complete typical use cases, a keyboard-based user 
needs on average 5 times more effort compared to mouse 
users 

RQ2
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Design Patterns & Antipatterns
What helps or hurts keyboard navigation?

Design Patterns Design Antipatterns

1
Include skip content links
Reduce effort on full-page traversal ~15% 
(RQ1) and completing tasks ~50% (RQ2)

2
Use focus shift 
Support smoother task flows ~77% (RQ2)

3
Use native HTML elements
Ensure built-in keyboard accessibility 
(RQ3)

3
Avoid mismanaged keyboard 
events
Keyboard-based users could be stuck in 
navigation (RQ1)

1
Avoid grouped components 
with no escape mechanism
Increase keyboard effort ~27% (RQ1)

2
Avoid infinite scroll

Hard to reach footer content (RQ1) 
and complete tasks (RQ2)
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Skip to Content Example

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

Moving keyboard focus to a dialog when it appears, reducing effort for keyboard users.
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Use of Native HTML Elements

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



46

Examples of Keyboard Traps

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
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Infinite scroll increase the keyboard navigation effort
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The Keyboard Experience Representation (KER) Model

UI State 1 UI State 2

UI State 1 UI State 2

= Interactive element = Intra-state edge = Inter-state edge


