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Abstract 

Dual-Task Multimodal Web Browsing in Semi-Autonomous Vehicles 

Author: Jarrett William Clark 

Advisor: A. Lucas Stephane, Ph.D. 

Drivers should remain alert when operating semi-autonomous vehicles as human 

intervention is required when the automated systems fail, or an unusual situation is 

encountered. However, drivers do not always focus solely on the road and sometimes 

divert their attention to look at cell phones, laptops, tablet computers, or in-dash 

infotainment systems. In this research, software was created to enable operators of a 

simulated self-driving car to browse the Human-Centered Design Institute (HCDI) website 

using multimodal interaction. The software used synthesized speech to read the website 

aloud and visually highlighted the content on the screen as it was read. Web analytics were 

also used to optimize the reading order of the website content. The audio modality of the 

software was tested in a single-task experiment. The final software prototype with audible 

and visual output was tested by drivers performing a dual-task in a driving simulator. 

Workload, usability, and emotion were measured after using the software. Usability 
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increased and workload decreased with added visualization. Driver’s looked at the screen 

more often when highlighting was added to the screen, but the duration of the glances was 

shorter. The results suggest the software creates more task switching but allows drivers to 

shorten the duration of their screen glances when browsing the HCDI website in a 

simulated semi-autonomous vehicle. 
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Chapter 1  
Introduction 

Sales of autonomous cars are expected to grow (Litman, 2017). In the semi-autonomous 

vehicles currently available to consumers, drivers must remain situationally aware in case 

the automated systems fail. However, drivers are prone to distractions such as browsing the 

web on electronic devices with screens. To reduce the problem of distracted driving due to 

web browsing, a multimodal (i.e., multisensory) software solution can be used. Screen 

reading software that uses web analytics to prioritize content and highlights text as it is 

read aloud can be used to lessen the effects of distracted driving when browsing the web in 

a semi-autonomous vehicle. 

Screen reading software turns visual information on screens into synthesized speech. It is 

most often used by blind people who are unable to see visual content on electronic devices 

like laptops, desktops, computer tablets, and cell phones. 

Screen reading software is included in many devices today as a standard feature. Although, 

few people make use of the software as it is faster to visually scan a screen for information 

than to hear it be read aloud by a screen reader.  
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Semi-autonomous vehicles present an opportunity for applying screen reading technology. 

Screen reading software can be used in situations where people want information from a 

visual interface, but their visual attention should be kept elsewhere like when browsing the 

web in a partially autonomous car. 

While a unimodal solution that outputs only synthesized speech would provide a safe 

method for interacting with the web, drivers are more likely to use a multimodal system as 

it is more engaging and understandable. Including highlighting in the screen reading 

process utilizes two senses (vision and hearing). Combining computer speech with 

graphical highlighting is a more intuitive experience for drivers who are accustomed to 

visually scanning user interfaces. 

A software prototype that reads information on the Human-Centered Design Institute 

(HCDI) website and highlights information as it is read was developed. The software also 

used data from web analytics, specifically mouse movement patterns, to change the order 

of the screen reading. The content that attracted the most mouse movement activity was 

read first and the content with the least amount of mouse movement activity was read last 

by the screen reader. 

To support the use of mouse movement data, an eye tracking test was done to determine if 

eye and mouse position were related. If there was a strong correlation between eye gaze 

and mouse cursor position, mouse movement data collected from readily available web 

analytics could be used to estimate the visual importance of content on the HCDI website. 
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The content on the website could then be reordered and read in a way that more closely 

reflects how people visually scan a website for information. 

A survey was also performed to understand how people prefer to interact with multimodal 

systems. The survey asked about intelligent virtual assistants like Apple Siri, Google Now, 

and Microsoft Cortana that provided audible and visual output. 

Software prototypes were then developed and evaluated in two experiments. A screen 

reader without any visual output was tested in a single-task experiment. Participants were 

asked to find information on the HCDI website using only the synthesized speech 

generated by a screen reader. A second dual-task experiment was done in a driving 

simulator where a self-driving car was replicated. Drivers were asked to monitor a self-

driving car while looking for information on six different web pages on the HCDI website. 

In the driving simulator experiment, the software included both computer speech and 

visual highlighting. 

In both experiments, the usability, perceived workload, and emotional response to the 

software were measured. In the driving simulator experiment, the number of times drivers 

glanced at a side-mounted screen and duration of their glances was recorded to estimate 

their level of distraction. 

Chapter 1 introduces the research topic, related technologies, and provides a high-level 

overview of the research methodology used in the study. 
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Chapter 2 reviews the literature and technology related to distracted driving, self-driving 

cars, screen reading, eye tracking, eye-mouse correlation, and web analytics. 

Chapter 3 lays out the various research methods used in the project. The methodology 

separates the modalities (audible vs. audible and visual) into two experiments and provides 

a framework for studying multimodal systems. The different software prototypes 

developed during the study are also described. 

Chapter 4 through 10 analyze the data collected during the eye tracking test, the intelligent 

virtual assistant survey, screen reader experiment, and driving simulator experiment. The 

results are discussed in the form of descriptive statistics. Observations from classes 

designed for blind people and a test drive of a self-driving car are also described. 

Chapter 11 provides suggestions for replicating this research in other fields, improving the 

research methodology, and enhancing the software. 

Chapter 12 summarizes the topic and findings of the study.  
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Chapter 2  
Literature and Technology Review 

Distracted Driving 

The traffic light changes from red to green, but none of the cars move. The driver at the 

front of the line is looking at their cell phone. Police officers in the United States (US) call 

it the “red-light prayer” (Lavoie, 2016). People lower their heads and divert their focus to 

look at electronic devices with screens, such as cell phones, instead of driving. 

Distracted driving not only occurs while waiting at red lights; it causes accidents on 

highways and city roads. In 2016, distracted driving caused 16% of all traffic-related 

injuries and 9% of all traffic-related fatalities in the US (National Highway Traffic Safety 

Administration, 2018). 

The states of California, New York, and Massachusetts attempted to combat distracted 

driving with legislation (Lavoie, 2016).  All three states passed laws that made mobile 

device usage illegal when driving. The number of tickets issued for texting and driving in 

these states, however, rose even after the laws were implemented. 

Instead of relying on legislation to stop distracted driving, Coben and Zhu (2013) 

suggested technology should be used to disable cell phones while driving. Even if cell 

phones were inoperable while a vehicle was in motion, built-in infotainment systems in 

cars can still be distracting (Strayer et al., 2017). 
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The 2016 Tesla Model S infotainment system included a 17-inch center screen (Goode, 

2017). The infotainment system even included a web browser. 

State Farm (2015) conducted a survey and found web browsing was the third most 

common activity while driving. Other forms of distraction like writing email and accessing 

social media were also on the rise. 

If distracted driving cannot be eliminated, the goal should be to reduce it. Reducing the 

duration of glances away from the road can increase safety. Liang, Lee, and Yekhshatyan 

(2012) found glance duration was a strong predictor of crash risk. The longer drivers 

looked away from the road, the more likely they were “to miss critical events.” 

Wolfe, Sawyer, Kosovicheva, Reimer, and Rosenholtz (2019) found where a person looks 

when driving has a larger effect on their reaction time than their cognitive workload. 

Keeping focused on the road was more important than being mentally distracted. Screen 

reading technology can be used to help drivers keep more visual attention on the road but 

increases driver workload. 

Self-Driving Cars 

Autonomous or self-driving vehicles can make driving safer and reduce accidents caused 

by distracted driving. Tesla (2018) reported their partially autonomous vehicles were less 

likely to be in an accident per mile driven when compared to the US national average. 

Self-driving vehicle technology is not yet perfect, though. In 2018, two different semi-

autonomous cars built by the companies Tesla and Uber were involved in fatal accidents 
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(Hiltzik, 2018). In both crashes, the drivers did not take control of the vehicles when the 

automated systems failed to detect oncoming collisions. 

SAE International (2018) defines six levels of automation for autonomous vehicles ranging 

from zero to five. The National Highway Traffic Safety Administration (NHTSA) (n.d.-a) 

also developed a system to classify self-driving cars with levels zero to four. NHTSA 

(2017) later adopted SAE’s standard for classifying autonomous cars. 

The lowest level, zero on SAE’s scale, indicates a driver is always in control of 

acceleration, braking, and steering. At level five, the highest level, the vehicle is always in 

control of acceleration, braking, and steering. No human intervention is required while 

riding in a vehicle with the highest level of automation. 

At levels one to four in SAE’s classification, the driver is either expected to control at least 

one of the cars functions such as acceleration, breaking, or steering, or the driver is 

expected to take control if the automated system fails or if the system is unable to handle 

all road conditions. It is unrealistic though to expect people to remain alert in a vehicle 

with middle levels of automation where all or some of the driving task is managed by an 

automated system, and they are surrounded by potentially distracting technology like 

mobile electronic devices and infotainment systems. 
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Screen Reading Software 

Screen reading software (also known as a screen reader) is an assistive technology that 

converts information on screens into synthesized speech (American Foundation for the 

Blind, n.d.). 

Screen readers are primarily used by people with disabilities (WebAIM, 2017). 

Nevertheless, the computerized speech provided by screen reading software can be utilized 

by anyone with the ability to hear, including drivers. 

Using screen reading software can be a frustrating experience, however (Lazar, Allen, 

Kleinman, & Malarkey, 2007). Blind people have heightened listening skills compared to 

people with sight (Muchnik, Efrati, Nemeth, Malin, & Hildesheimer, 1991). Drivers should 

not be expected to use sound alone to interact with a screen if blind users who are experts 

at listening have difficulty using screen readers. A multimodal solution is needed for 

drivers. 

Some screen readers, such as ZoomText, incorporate screen magnification for users with 

low vision (Freedom Scientific, 2019). Since browsing a user interface via sound alone is 

difficult, screen magnification enables people to use their sight in addition to hearing. 

Screen magnification can cause confusion though when content is only meaningful within 

a larger context of the user interface (Blenkhorn, Evans, King, Kurniawan, & Sutcliffe, 

2003). Screen magnification causes potentially important information to be removed from 

a user’s view. 
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In place of screen magnification, some screen reading software uses highlighting to 

enhance the user interface. Highlighting is used to draw a user’s attention to specific areas 

or elements on a screen (Helander, 1991). Screen reading software such as Narrator built 

into Microsoft Windows, outlines content on the screen as it is read aloud via synthesized 

speech. Figure 2.1 shows an example of the outlining performed by Narrator during screen 

narration. 

 

Figure 2.1. An example of Microsoft Narrator outlining the Publications link with a blue 

rectangle on the HCDI website. Narrator also simultaneously reads the link text aloud with 

synthesized speech. 

There are multiple ways to highlight elements on a screen such as changing colors, 

underlining, flashing, or adjusting brightness. 

The usability of screen reading software can be further enhanced beyond highlighting. The 

order in which content is read by a screen reader can be improved as well. 
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Screen reading software typically reads information in an application in the order it appears 

in the programs source code or an order defined by the application developer. This order 

does not necessarily reflect the order in which a person would naturally look at the screen. 

For instance, on web pages, people often read in an “F” pattern where they look at much of 

the information at the top of the page and read progressively less as they scroll down the 

page (Kara, 2017). There are also other reading patterns such as the “spotted pattern” 

where users skip large blocks of text and search for links or particular words. 

To make screen reading software more usable for drivers, the software, should read in a 

more human-like pattern. 

Research has been done to improve the usability of screen reading software. Prior work 

improved screen readers by incorporating knowledge generated by people or automated 

content analysis performed by algorithms. 

Ma (2003) improved screen reading by creating a library of automation scripts for blind 

users. The scripts performed common computer-based activities and reduced repetition for 

users of screen readers. 

Bigham, Lau, and Nichols (2009) created a program that provided instructions to screen 

reader users. The directions were generated by other people and provided step by step 

instructions for completing common tasks on websites. The instructions enabled blind 

people to skip past unnecessary user interface elements on the screen. Intrator and Souza 

(2009) also used the same library to assist blind users on the web. 
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Bigham and Ladner (2007) created a web browser plug-in to alter web page layouts for 

blind users. Again, scripts could be generated and shared by users. The scripts could 

remove irrelevant content such as advertising or repetitive navigation menus. Altering the 

page layout allowed blind people to more quickly find the most relevant information. 

Pontelli et al. (2002) removed the human element from their screen reader optimization. 

They used an algorithm to alter the screen layout for easier reading for blind users. 

Mahmud, Borodin, and Ramakrishnan (2007) also used content analysis to identify the 

most important information on a web page automatically. Pontelli and Son (2003) 

proposed using a virtual assistant to act as an intermediary between blind web users and 

web pages. Blind people would state their goal and the intelligent agent would navigate the 

page automatically.  

Eye Tracking 

Eye tracking is used to understand how people read and look at user interfaces (Poole & 

Ball, 2006). Eye tracking can provide data about user eye fixations and scan paths. 

Fixations show the points at which users stop and focus their gaze. The scan path shows 

the order in which someone looks at different points on an interface. Figure 2.2 shows one 

user’s scan path on the Courses page on the Human-Centered Design Institute (HCDI) 

website. 
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Figure 2.2. A user’s visual scan path on the Courses page on the HCDI website. The scan 

path was captured using The Eye Tribe Eye Tracker and EyeProof. The numbers indicate 

the order in which the user fixated at a location and the size of the circle indicates the 

duration. Larger circles are longer eye fixation durations. 

Li, Babcock, and Parkhurst (2006) reported high-end eye tracking systems cost $20,000 to 

$30,000. Since then, lower cost solutions became available. For example, the Tobii EyeX 

eye tracking kit was announced in 2014 for $195 (Palladino, 2014). The EyeX could be 

used to accurately track eye fixations (Gibaldi, Vanegas, Bex, & Maiello, 2017). 

Another eye tracker was made by The Eye Tribe for $99 (Ha, 2014). Dalmaijer (2014) 

used The Eye Tribe Eye Tracker and the more expensive SR Research EyeLink 1000 to 

perform an eye tracking study. Dalmaijer found The Eye Tribe Eye Tracker accurately 

detected eye fixations but the low sample rate of 60 Hz was not enough to accurately detect 

saccades. Saccades are rapid eye movements between fixations (Salvucci & Goldberg, 

2000). 
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The Eye Tribe Eye Tracker and more costly SMI RED250 have been compared. Popelka, 

Stachoň, Šašinka, and Doležalová (2016) found The Eye Tribe Eye Tracker “recorded 

88.2% of the fixations that were recorded by the SMI device.”  

Eye tracking hardware is built into some laptops, computer monitors, and cell phones 

(Takahashi, 2017).  Although, the data collected by consumer eye trackers is not yet 

readily available to application developers. Eye trackers in consumer devices are currently 

intended to be used for interaction and not for collecting eye movement data. In systems 

that use eye tracking hardware manufactured by Tobii, developers must obtain a special 

license to use the data collected by the eye tracker for analytical purposes (Tobii, 2019). 

Steil, Hagestedt, Huang, and Bulling (2019) also found users were divided on the issue of 

sharing their eye movement data. Fourty-six percent of the people they surveyed agreed 

with the idea of sharing their eye tracking data, 13% were undecided, and 41% disagreed. 

Eye-Mouse Correlation 

User mouse cursor position has been shown to correlate with eye gaze position 

(Navalpakkam et al., 2013). Although, the strength of the correlation varies depending on 

the design of the user interface. 

Chen, Anderson, and Sohn (2001) found eye gaze and mouse cursor position matched 75% 

of the time when users browsed four different websites. Five people participated in the 

study and a total of 100 minutes of eye tracking data was collected. The users were not 

given a specific task and could browse the websites freely as they chose. The researchers 
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placed areas of interest around links, headers, paragraphs, images, and empty spaces on the 

screen. When the persons eye gaze and mouse position were in the same area, they counted 

it as a match. 

Cooke (2006) studied eye and mouse movement on the Washington State Licensing 

website with ten people. Cooke found eye and mouse movement were coordinated 69% of 

the time. 

Rodden and Foo (2007) studied eye and mouse correlation on Google search result pages. 

They had 32 participants perform 16 different queries each on Google. The researchers 

found eye fixations and mouse placement occurred in the same block of content 42% of the 

time. They also found there was a greater difference in the vertical distance between eye 

and mouse position than the horizontal distance. 

Google search result pages were also analyzed by Guo and Agichtein (2010). They gave 

ten participants 20 search tasks each. They developed an algorithm for predicting eye gaze 

position based on mouse movement. Their model could predict where a user’s eye gaze 

was within 100 pixels 77% of the time. 

The effect of “time, user, cursor behavior patterns, and search task on the gaze-cursor 

alignment” was studied by Huang, White, and Buscher (2012). They gave 36 users, 32 

search tasks. They found there was a delayed reaction between eye gaze and mouse cursor 

position. An average of 700 milliseconds elapsed before a user’s mouse cursor was moved 

near the user’s visual focus. The researchers also found the strength of eye-mouse 

correlation varied depending on the user’s behavior. Some user’s do not move their mouse 
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until they find salient information and some other users use their mouse cursor to mark 

words or sentences as they read. 

Previous eye-mouse correlation studies were performed in controlled environments or 

using predefined tasks. Liebling and Dumais (2014) conducted an eye tracking test at 

user’s work desks. They collected 378 minutes of data across 12 participants. Liebling and 

Dumais examined the position of eye gaze and mouse cursor position before a mouse click 

occurred. If people were familiar with the user interface, they did not necessarily look at 

the point where they clicked. 

Web Analytics 

Unlike eye movement data, mouse tracking data is easy to collect and readily available. 

Mouse tracking is commonly done on websites with web analytics software. 

Multiple companies such as Crazy Egg, ClickTale, and Hotjar provide software for 

tracking user mouse movement (Hay, 2017). To install the software on a website, 

developers copy premade code onto their web pages. The tools can automatically generate 

heatmaps of user mouse movement. 

In this project, element-level analytics were necessary to determine which content on the 

page attracted the most attention. Most web analytics software such as Google Analytics 

only provide details about which links users click. Some web analytics tools produce 

heatmaps of mouse movement on each page like ClickTale as shown in Figure 2.3. 
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However, they do not expose the raw data or the exact number of users who moved their 

mouse over an element on a page. 

ClickTale, Crazy Egg, Mouseflow, and Hotjar are companies that produced mouse 

movement heatmapping tools for websites. They were all contacted in 2016. The 

companies said they either did not have the ability to provide element-level analytics data, 

or it was in their future development plans but not yet available.  

 

Figure 2.3. Screenshot of a mouse movement heatmap on the HCDI home page generated 

by the web analytics software, ClickTale. JavaScript code provided by ClickTale was 

embedded on the HCDI website and passively recorded user mouse movement. 

The most popular areas and elements on the web page can be estimated from a visual 

heatmap of a page. In Figure 2.3 for instance, the dark red links at the top of the page can 

be assumed to be most popular based on the coloring. The red areas have the mouse 

activity and the blue areas have the least activity. 
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One product, Lucky Orange (2019), was found that not only generated heatmaps, but it 

also provided a list of HTML elements on each page and the number of times users moved 

their mouse over an element. 

Lucky Orange could be installed on the HCDI website by placing already made JavaScript 

code into the source code of each page. The mouse tracking data collected by Lucky 

Orange could then be used to optimize screen reading for drivers in semi-autonomous 

vehicles. 
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Chapter 3  
Research Methodology 

Design Process 

Human-centered design involves “the end user throughout the product development and 

testing process… ensuring that the product meets the needs and capabilities of the user, 

particularly in terms of safety and user experience” (Harte et al., 2017). Throughout this 

project, the demands of the potential end-users were not only kept in mind, but feedback 

was elicited from them through surveys, tests, and experiments. 

Design thinking can also be used to describe the research methodology in this project. 

Design thinking is normally defined as a repeating process of five steps (Meinel & Leifer, 

2010). In practice though, some steps are repeated multiple times or never occur during a 

design iteration. 

Boulnois and Stephane (2018) describe the design thinking stages as defining, 

understanding, ideating, prototyping, and evaluating. Table 3.1 provides a chronological 

list of the design thinking steps used in this project. 
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Table 3.1 

Design Thinking Steps Used in This Study 

Year Step Action Method 

2014 Problem Statement Identify needs and solutions 

for multimodal interaction 

Literature and technology 

review 

Ideate 1 State of the art Review of screen readers for 

blind people 

Understand 1 Meet with blind people to 

understand screen reading 

software 

Classes at Brevard 

Association for Advancement 

of the Blind 

2015 Prototype 1 Screen reader highlighting 

text proof of concept 

Chrome plug-in development 

Understand 2 Eye-mouse correlation test Eye tracking behavior 

elicitation from 21 users 

2016 Understand 3 Insights on how people use 

multimodal interaction with 

virtual assistants 

Survey of 64 people 

2017 Ideate 2 Find best solution for 

screen reading 

Benchmark existing software 

development tools 

2018 Understand 4 Try web browsing in a 

semi-autonomous vehicle 

Test drive of a Tesla Model S 

Prototype 2 Unimodal prototype 

software development and 

integration 

Web analytics embedded in 

live website for capturing 

mouse actions; Microsoft 

Word Read Aloud feature 

2019 Evaluate 1 Screen reader experiment Surveys, rating scales, and 

questionnaires 

Ideate 3 Find optimal solution for 

screen reading and 

highlighting text 

Scenario based design; video 

creation 

Prototype 3 Multimodal prototype  Driving simulator software 

and hardware integration 

Evaluate 2 Driving experiment Simulator experiments with 5 

Tesla drivers 
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Design thinking can also be illustrated graphically. A visual representation of the design 

thinking steps used in this project are shown in Figure 3.1. The design iteration count is 

incremented after each prototype. 

 

Figure 3.1. Illustration of the scrambled design thinking stages and design iterations used 

in this project. 

Surveys, Tests, and Experiments 

A combination of surveys, tests, and experiments were used in this study. An eye-mouse 

correlation test, intelligent virtual assistant survey, screen reader experiment, and driving 

simulator experiment were performed to understand the proposed software solution. 

The eye-mouse correlation test was used to determine if eye gaze and mouse cursor 

position were related on the Human-Centered Design Institute (HCDI) website. If eye and 
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mouse position were related, mouse movement data gathered from web analytics could be 

used to optimize the reading order in the prototype screen reading software. 

A survey was distributed to understand how people use and prefer to interact with 

multimodal systems, specifically intelligent virtual assistant such as Apple Siri, Google 

Now, and Microsoft Cortana. 

To determine if reordering of content was beneficial or confusing, a test of the screen 

reading process was done by itself.  Users testing the screen reader could not see the HCDI 

website and only interacted with the website by listening to computer speech and 

controlling the software with a keyboard. 

The effects of the highlighting visualization were tested in another experiment in a driving 

simulator. Drivers were asked to browse the HCDI website using a final prototype that 

produced both visual and audible output. 

Software Prototypes 

Three versions of the proposed software were developed between 2015 and 2019. The first 

version was a proof of concept to show a screen reader with highlighting could be created 

for a website. The second prototype was a unimodal version of the software that included 

reordering of content based on mouse movement data gathered from web analytics. The 

second prototype only provided synthesized speech as an output. The third prototype was a 

multimodal version of the software that included audible and visual output. The third 

prototype highlighted content as it was read in an alternate order based on web analytics. 
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Statistical Methods 

A Pearson product-moment correlation coefficient (r) was used to calculate the 

relationship between different findings. A two-tailed p-value test was used to 

determine the probability of correlation. Results were considered statistically 

significant when p < .05. 
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Chapter 4  
Classes for the Blind 

The Brevard Association for the Advancement of the Blind (BAAB) (n.d.) is an 

organization in Satellite Beach, Florida that “provides services for people who are visually 

impaired, blind, and legally blind.” BAAB holds classes to teach blind people to live 

independently. 

In 2014, classes were attended to understand how blind people use computers and screen 

reading software. It was found most people in the classes did not use computers. Also, 

some people in the classes could use computers without the aid of screen reading software. 

Other blind organizations in Florida were also contacted about potentially doing future 

research at their facilities. The organizations were either not responsive or were hesitant to 

expose their members to a research study. 
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Chapter 5  
Proof of Concept 

A software proof of concept was developed and then demonstrated at the Human-Centered 

Design Institute (HCDI) during classes in 2015. The first version of the software was 

developed as a Google Chrome plugin/add-on. Google Chrome was the most popular web 

browser at the time (Vaughan-Nichols, 2015). 

The plugin featured the ability to change the style of the highlighting. A red circle or 

pinhole-like effect could be used to highlight elements on the screen. The highlighting 

indicated the general area of the content but did not precisely outline the content that was 

read. An example of the red circle visualization option provided by the plugin is shown in 

Figure 5.1. 
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Figure 5.1. Example screenshot of one highlighting method provided by the Proof of 

Concept. The heading, Graduate Courses, is marked with a red circle as the text is read 

aloud by synthesized speech. 

The add-on was written using the Chrome plugin architecture which relied on JavaScript, 

Hypertext Markup Language (HTML), and Cascading Style Sheets (CSS). The marking or 

highlighting of content was done with a static image layered on top of the page using CSS. 

When a page loaded, JavaScript iterated through all the HTML tags on the page. As each 

element was scanned, the X and Y coordinates and text within each element were retrieved. 

The Web Speech API converted the text in the elements into computer speech (Mozilla, 

2019). JavaScript and inline styles were used to reposition the highlighter image to the 

element’s X and Y coordinates simultaneously as the inner text of the tag was read aloud. 
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The HCDI website was used to demonstrate the screen readers functionality. The HCDI 

site was an ideal platform since the site did not change often and did not use JavaScript to 

dynamically load content. The proof of concept worked best with static HTML pages. 

The proof of concept had the capability to skip to the next or move to the previous HTML 

element, but the speech could become desynchronized from the highlighting if the forward 

or backward controls were pressed in quick succession. 

A play and pause feature were not included in the initial version of the software. It was 

thought users would want the screen reading and highlighting to begin as soon as a web 

page loaded. 

The first version of the software also did not alter the screen reading order based on web 

analytics. The content on the web page was read in the order in which it appeared in the 

pages source code. 
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Chapter 6  
Eye-Mouse Correlation Test 

Before creating the next software prototype of the screen reader, it was necessary to 

confirm mouse movement data implicitly captured through web analytics aligned with a 

user’s visual interest. 

To find if user mouse movement and visual interest aligned, an eye tracking study was 

conducted. The goal of the study was to determine if eye gaze and mouse cursor position 

correlated on the Human-Centered Design Institute (HCDI) website. If eye gaze and mouse 

position strongly correlated, mouse movement could be used as a reasonable substitute for 

eye gaze data.  

Human-Centered Design Institute Website 

The Human-Centered Design Institute (HCDI) website was identified as the best site to use 

in the web browsing scenarios throughout this project. The content on the HCDI website 

did not change frequently, and the site did not use JavaScript. JavaScript, when not 

implemented properly, could cause accessibility problems for commercial screen reading 

applications (Sandhya & Devi, 2011). 

When necessary, it was also possible to modify the pages on the HCDI site by contacting 

the Florida Institute of Technology (FIT) Office of Information Technology. FIT 

embedded Google Analytics web analytics on the university’s web pages too, including the 
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HCDI website. So, some web analytics data was already available for the HCDI web 

pages. 

Three pages from the HCDI website were selected to be used in the eye-mouse correlation 

test: 

• Courses 

• News 

• Publications 

The contents of each page, as rendered by a web browser, were copied into Microsoft 

Word. Table 6.1 shows the word count and readability of each page as they existed in 

September 2015. 

Table 6.1 

Word Count and Readability of Web Pages as Calculated by Microsoft Word 

Page Word count Flesch Reading Ease Flesch-Kincaid Grade Level 

Courses 709 17 12.9 

News 908 27.3 14.4 

Publications 2461 10.1 13.8 

 

A story was created to connect these pages and give users motivation when performing 

tasks during the test. The participants were instructed to imagine they were a master’s 
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student at FIT and were researching human-centered design. The exact scenario wording 

provided before each page is listed in Appendix A. 

Courses Page 

The Courses page on the HCDI website contained a list of thirteen classes. Under the title 

of each class was a one paragraph description about the course, a link to the course 

syllabus, and a sentence stating the semester the course would be given. 

When on the Courses page, participants were asked to find the syllabus for Organization 

Design and Management (ODM). The ODM course was the fifth course in the list and 

located approximately in the middle of the web page. 

Since there were thirteen identically named syllabus links on the page, users could not 

solely look for the word “syllabus.” The syllabus needed to be found by identifying the 

course title first and then finding the syllabus link nearby. 

News Page 

The News page on the HCDI website featured a list of the most recent ten news articles 

about the Institute. Each news article block contained the article title, a one paragraph 

summary about the article, and a link to where the news article was originally published. 
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On the News page, people were asked to find and click the link to an article about a “new 

master’s program in Human-Centered Design.” The exact article the users were asked to 

find is shown in Figure 6.1. 

 

Figure 6.1. An article about a new master’s program in human-centered design on the 

News page. 

The target text and link were the fifth article in the list and located approximately near the 

middle of the web page. 

The design of the page offered two opportunities to find the requested link. The title was 

duplicated and linked at the top and bottom of each news article block as seen in Figure 

6.1. 

Publications Page 

The Publications page was the longest page on the HCDI website. It listed journal articles, 

conference proceedings, and books written by the faculty and students at the Institute. The 

page contained a list of publications written between 1991 and 2015. The publications 
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were grouped by type (i.e., journal article, conference proceeding, book, or video) and 

listed in American Psychological Association (APA) reference format. 

On the Publications page, people were told to find Dr. Stephane’s article about nuclear 

power plant control rooms. Dr. Stephane had two articles listed on the page about nuclear 

power plant control rooms. There were also three other articles about nuclear power plants 

written by other authors on the page. User’s needed to look at the author names to 

differentiate between the articles. Since there were two articles by Dr. Stephane, if either 

article was found, it was considered a success in the results. 

Eye Tracking Hardware 

HCDI was equipped with Tobii Glasses. The Tobii Glasses kit included markers that could 

be affixed to objects or points in an environment. When reviewing the eye tracking data, 

the bundled analysis software could count the number of times the wearer looked at or near 

a marker. The glasses, however, were not suitable for conducting an eye tracking study on 

a website. 

Tobii had two eye trackers design for testing graphical user interfaces such as websites. 

The Tobii Pro X2-30 and X-60 could be used to evaluate a website. However, the cost of 

buying or renting these devices was high. 

The Eye Tribe Eye Tracker was chosen for the study instead as it was lower cost and 

featured an analysis program, EyeProof. The Tobii EyeX was also a lower cost eye tracker, 

but it did not come with any software for analyzing eye tracking data. 
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Figure 6.2. Test setup for the eye-mouse correlation test. The Eye Tribe Eye Tracker is on 

a tripod below the computer monitor. 

A 19-inch monitor with a resolution of 1280×1024 pixels was used in the testing. The 

EyeProof software was run on a laptop next to the monitor. A keyboard and mouse were 

connected to the laptop but placed in front of the external monitor. The eye tracker was 

placed on the table between the keyboard and monitor. 

A monitor with an aspect ratio of 4:3 was chosen because the HCDI site was designed for a 

4:3 resolution of 800×600. 

The Eye Proof Eye Tracker had two data capture rates: 30 Hz or 60 Hz. The 60 Hz mode 

offered higher accuracy, but the 30 Hz setting was chosen so the test could be repeated 

with a Tobii X2-30 and the results between the two eye tracking systems could be 
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compared. The Tobii X2-30 also used a capture rate of 30 Hz. This comparison was never 

performed though due to costs. 

Test Procedure 

Before the eye tracking test began, participants completed a questionnaire with seven 

questions about their age, gender, familiarity with the HCDI website, primary computing 

device, and estimated skill with a mouse and keyboard. The questionnaire can be seen in 

Appendix B. 

After completing the questionnaire, the EyeProof software was started. EyeProof prompted 

users to enter their age and initials. Participants were told to ignore these prompts and enter 

any value they felt like. 

There were several limitations in the EyeProof software. For one, EyeProof could only 

display images. Users could not browse the HCDI website in a browser while EyeProof 

was running. To simulate using a web browser, full-length screenshots were taken of each 

web page. The screenshots were loaded in EyeProof without the user interface elements of 

a web browser like an address bar or forward and backward buttons. 

Also, since the web pages were presented as static images, the users mouse cursor icon did 

not change when they hovered over links or text as would normally occur in a web browser 

on a computer running Microsoft Windows. 
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EyeProof would also move onto the next screen (or exit if it was the last screen) when a 

key on the keyboard was pressed. Therefore, participants were instructed not to touch the 

keyboard and were asked to only use the mouse. 

Test participants had to browse the following three pages on the HCDI website: 

• Courses 

• News 

• Publications 

Three other pages were also considered and were used in later experiments. Of the six 

pages examined, the Courses, News, and Publications pages were the longest in terms of 

word count. The pages also had the most difficult Flesch Reading Ease score and the 

highest Flesch-Kincaid Grade Level. It was hoped the reading difficulty and length of the 

pages would provide more eye gaze and mouse cursor position data points for analysis. 

The order in which the pages were presented was randomized by EyeProof every time a 

new session started. Before each page was shown, a screen with a scenario typed in 

advance was displayed. The scenarios are listed in Appendix A. Participants were asked to 

read the scenarios and then move onto the next screen with the web page when they felt 

they were ready. 
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On the screen displaying the web page, the program would immediately move onto the 

next scenario when the user clicked the left mouse button. If it was the third and final page, 

the program exited. 

Upon conclusion of the test, the user’s eye and mouse movement were automatically 

uploaded to the EyeProof website. On the EyeProof website, the data could then be 

reviewed and analyzed. 

Data Analysis 

Analyzing data in eye proof required drawing areas of interest within the web-based 

version of EyeProof. EyeProof lacked tools for drawing precisely sized areas of interest, 

though. For more accurate analysis, a user interface automation tool was developed with 

AutoIt (AutoIt Consulting, 2019). The program was used to draw square areas of interest 

with exact pixel dimensions. 

The correlation between eye gaze and mouse cursor position were explored within three 

different area of interest patterns. On the Courses page, the tool created with AutoIt was 

used to draw square areas of interested in a 4×8 grid, the grid is illustrated in Figure 6.3. 

Each square on the grid measured 320×320 pixels. 
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Figure 6.3. The 4×2 areas of interest drawn on the Courses page in EyeProof using using 

the automation tool develop with AutoIt. A user’s scan path is also visible. 

The AutoIt tool was also used on the Publications page to create a 2×4 grid where each 

square measured 640×640 pixels. The sizes of 320 and 640 were chosen as they evenly 

divided the page width of 1280 pixels. 

The areas of interest were drawn free hand on the News page. The areas of interest on the 

News page were drawn around the estimated size of the HTML elements on the page. For 

example, each paragraph and heading had a rectangle drawn around it. 

The web version of EyeProof for analyzing the recorded data also did not provide statistics 

about mouse movement. EyeProof would report the number of times a user focused their 

eyes on an area of interest, but it would not report the number of times a mouse moved into 

the area of interest. 
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It was possible though to replay each person’s session in EyeProof. The user’s mouse 

movement was visible during play back. The number of times someone’s mouse moved 

into an area of interest was manually counted and recorded. 

Areas of interest were used to analyze the relationship between eye gaze and mouse cursor 

position instead the pixel distance between the two. As blocks of content like headings, 

paragraphs, and links were to be rearranged based on web analytics, the relationship 

between eye gaze and mouse cursor position within the HTML elements was more 

important than the pixel distance between eye and mouse position. 

Test Results 

The eye tracking test on the Human-Centered Design Institute (HCDI) website was 

performed between November 2015 and January 2016 (Clark & Stephane, 2018). Twenty-

one people were recruited in-person at Florida Institute of Technology to participate in the 

test. 

Before the test, the participants were asked to fill out a seven-question web-based survey. 

The survey questions are listed in Appendix B. 

Thirteen people identified themselves as male and eight identified themselves as female. 

People were asked to select their age range in the survey. Upon launching the test software, 

EyeProof, the software also prompted users to enter their age. The participants were told 

they did not have to enter their age and could enter 99 as their age, but everyone chose to 

enter an exact age instead. 
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The minimum age was 22 and maximum age was 60. The mean age was 34 and median 

age was 31 with a standard deviation of 11. 

It was thought familiarity with the HCDI website would be a factor in successful 

completion of the tasks. Four participants said they never visited the HCDI website before, 

and 17 said they had visited the HCDI website at least once. The degree of the user’s 

reported familiarity is shown in Figure 6.4. 

 

Figure 6.4. Pie chart showing the responses to the question, "How familiar are you with the 

HCDI website?" 

A weak but non-significant relationship was found between the user’s familiarity with the 

website and the total number of tasks successfully completed, r = .22, n = 21, p = .34. A 

moderate but non-significant relationship was found between having visited the HCDI 

website at least once and the total number of tasks successfully completed, r = .42, n = 21, 

p = .06. 

Extremely 

familiar

5%

Very familiar

38%

Moderately 

familiar

29%

Slightly familiar

9%

Not at all 

familiar

19%



39 

 

Participants were asked about their primary computing device. Eighteen people reported 

using a laptop or desktop as their primary computer, and three people said they used a cell 

phone or tablet as their primary device. 

No significant correlation was found between the total number of tasks successfully 

completed and users who reported typically using a laptop or desktop computer, r = .03, n 

= 21, p = .91. 

Eleven out of the 21 users successfully completed every scenario. Every person completed 

at least one task successfully. The total number of successfully completed tasks on each 

page is shown in Figure 6.5. 

 

Figure 6.5. Number of users who successfully found the target information on each web 

page in the eye-mouse correlation test. 
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Successful completion of the task was not necessary for the test data to be useful. The 

participants still moved their mouse cursor and eye gaze around the screen regardless of 

whether they successfully found the target information. The relationship between mouse 

and eye position could still be examined if they failed to find the requested information. 

Courses Page 

Participants were asked to find the syllabus for the Organization Design and Management 

class on the Courses page. Eighty-six percent of the participants successfully found and 

clicked on the correct syllabus. 

A significant moderate relationship was found between having visited the HCDI website at 

least once before and successfully finding the syllabus, r = .49, n = 21, p = .02. The degree 

of the user’s familiarity with the website and finding the correct syllabus, however, 

displayed a weak non-significant relationship, r = .34, n = 21, p = .13. 

Areas of interest on the Courses page were drawn as a 4×8 grid where each box measured 

320×320 pixels. There were 32 areas of interest in total on the page. 

A moderate correlation was found on the Courses page when comparing the total number 

of eye fixations and the total number of mouse cursor visits to each area of interest, r = .67, 

n = 32, p < .01. Also, when comparing the percentage of users who fixated their eyes and 

moved their mouse over an area, there was a strong significant relationship, r = .90, n = 32, 

p < .01. Figure 6.6 illustrates the relationship between the percentage of users who visited 

an area of interest with their eye or mouse. 
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Figure 6.6. Scatter plot showing the percentage of participants whose eye fixated on an 

area of interest and participants who moved their mouse into an area of interest at least 

once. 

News Page 

On the News page, users were asked to find a news article about a new master’s program in 

Human-Centered Design. The news article was among a list of ten. 

Eighty-one percent of the users found the article on the News pages. 

A weak but non-significant relationship was found between having ever been to the HCDI 

website and successfully finding the requested news article, r = .38, n = 21, p = .09. A 

weak but non-significant relationship was also found between the participants familiarity 

with the HCDI website and correctly identifying the news article, r = .30, n = 21, p = .18. 
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To evaluate eye-mouse correlation on the News page, areas of interest were drawn around 

the estimated shape of the HTML elements on the page like paragraphs, links, and 

headings. Figure 6.7 shows the areas of interest drawn on the News page. 

 

Figure 6.7. Areas of interest drawn in EyeProof outlining the estimated shape of the 

HTML elements on the page. 

There was a strong and significant correlation between, the total number of mouse visits to 

an HTML-shaped area of interested and the number of eye fixations in the area of interest, 

r = .85, n = 57, p < .01. A strong and significant relationship was also found between the 

percentage of users who moused over an area of interest and the percentage of users who 

fixated in an area of interest, r = .89, n = 57, p < .01.  

Publications Page 

The Publications page had the lowest success rate. Seventy-one percent of the subjects 

found the target publication. Users were asked to find Dr. Stephane’s article about nuclear 

power plant control rooms. 
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There was a negative non-significant relationship between having visited the HCDI 

website before and finding the publication, r = -.03, n = 21, p = .87. There was also a 

negative non-significant relationship between the user’s familiarity of the HCDI website 

and finding the publication, r = -.18, n = 21, p = .45. 

A 2×4 grid was drawn on the Publications page within the EyeProof website to understand 

the relationship between eye gaze and mouse cursor position. Each area of interest 

measured 640×640 pixels. A strong but non-significant relationship was found between the 

total number of mouse visits and total number of eye fixations in the areas of interest on 

the Publications page, r = .7, n = 8, p = .05. There was a strong and significant correlation 

between the percentage of users who moused over one of the squares and the percentage of 

users whose eye fixated in one of the squares, r = .93, n = 8, p < .01.  

 

Figure 6.8. Scatter plot showing the percentage of users who moved their mouse into an or 

fixated on an area with their eyes. 
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Discussion 

The results from the eye-mouse correlation test on the Human-Centered Design Institute 

(HCDI) were positive. Eye gaze and mouse cursor position strongly correlated on the three 

pages tested and using the three area of interest patterns used. 

The strongest correlation occurred with the largest areas of interest. The HTML-sized areas 

of interest were most relevant to this study, however. Web analytics software such as 

Lucky Orange record mouse movement statistics based on the HTML area of an element. 

Every time a user moves their mouse over an element like a paragraph, link, or heading, 

the web analytics software increments the mouse activity count for the element.  

The results suggest using mouse tracking data gathered from web analytics correlates with 

eye gaze position on the HCDI website. Mouse tracking data can be used as an estimate for 

visual attention and in turn be used to reorder content for screen reading software. 

People struggled to find Dr. Stephane’s article on the Publications page during the eye 

tracking test. Users would continue to struggle with this task throughout the study. The two 

other pages were not as challenging for the participants. 
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Chapter 7  
Intelligent Virtual Assistant Survey 

While the software developed in this research most closely resembles a screen reader, it 

functions somewhat like an intelligent virtual assistant. Virtual assistants like Apple Siri, 

Google Now, and Microsoft Cortana use computer speech to provide information to users. 

They also sometimes provide a visualization of the information. 

WebAIM (2017) conducted multiple surveys about screen readers. As not to duplicate their 

work, a survey was conducted to understand how people use multimodal intelligent virtual 

assistants like Siri, Now, and Cortana. 

At the time of the survey, Siri, Now, and Cortana could be used on smart phones and 

tablets with operating systems developed by Apple, Google, and Microsoft respectively. 

The virtual assistants could be activated by pressing and holding a physical button on a 

device or launching a dedicated application. After Siri, Now, or Cortana were activated, 

users could verbally ask questions like “What is the current weather?” or instruct the 

assistant to perform software-based tasks like setting an alarm. The virtual assistant would 

then use synthesized speech to answer the question or provide the status of the task. A 

visualization of the information would also accompany the speech when applicable. 

Amazon Alexa was not included in the survey as at the time, Alexa only provided audio 

feedback. In September 2016, when the questionnaire was being developed, Alexa was 

built into Amazon Echo and Echo Dot smart speakers which did not have screens. In 2017, 
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after the survey was created, Amazon introduced the Echo Show which featured a screen 

and allowed Alexa to provide visual feedback to users (Walton, 2017). 

Survey Procedure 

A questionnaire was made using SurveyMonkey, a web-based survey creation and 

distribution platform. An anonymous link was shared and a call for participation was made 

via email to students, faculty, and staff at Florida Institute of Technology (FIT) 

The survey contained 15 questions. The survey questions are listed in Appendix A. Anyone 

who indicated they were not at least 18 years of age or older was disqualified from taking 

the survey. 

If the respondents indicated they used Siri, Now, or Cortana, they were asked which one 

they used most often. The remaining questions on the survey were automatically adjusted 

to include the name of the assistant they used most often. 

At the end of the survey, respondents were asked if they used screen reading software. If 

there was a large screen reader user community on campus at FIT, they could be targeted 

for testing the unimodal software prototype. 

Survey Results 

A survey was distributed to understand how people interact with multimodal virtual 

assistants. The first response to the survey was received on September 19, 2016 and the last 

response was received September 30, 2016. The survey is listed in Appendix A. 



47 

 

Sixty-seven people started the survey, however, only 64 answered all the questions. The 

three incomplete surveys were excluded from the data set. The time to complete the 15-

question survey ranged from 27 seconds to 13 hours and 47 minutes. The average time to 

completion was 15 minutes and 43 seconds, and the median time was 1 minute and 54 

seconds. 

When asked about gender, 35 (55%) of the respondents indicated they were female and 29 

(45%) reported they were male. Instead of entering their precise age, people were asked to 

select from an age range. The self-reported age ranges of the respondents are shown in 

Figure 7.1. The majority (66%) of the people surveyed were either 18 to 24 or 25 to 34. No 

one reported their age as 65 or older. 

 

Figure 7.1. Pie chart showing the percentage of responses to the question, “What is your 

age?” 
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Fifty-four (84%) of the respondents indicated they used Apple Siri, Google Now, or 

Microsoft Cortana. Siri was the most popular virtual assistant with 35 (65%) people 

reporting they used it. Google Now was the second most commonly used virtual assistant 

with 14 (26%) people selecting it. Five (9%) people selected Cortana as the virtual 

assistant they used most often. 

No significant relationship was found between age groups and whether they used a virtual 

assistant or not, r = .23, p = .07, n = 64. Nor was there a significant difference between 

gender and virtual assistant usage, z = 1.06, p = .3, n = 64. 

Among the ten people who said they did not use Siri, Now, or Cortana, five (50%) said 

virtual assistants “don’t seem useful.” Three (30%) respondents selected they “don’t know 

what” virtual assistants do. One person (10%) indicated they thought virtual assistants 

seemed “difficult to use.” One person (10%) noted as a typed-in answer that they did not 

use Siri, Now, or Cortana because they were concerned about privacy. 

It was thought some people would have older electronic devices that did not support Siri, 

Now, or Cortana. Yet, no one indicated an unsupported device as the reason they did not 

use one of the virtual assistants.  

Of the 54 people who used virtual assistants, 48 (88%) said they primarily used Siri, Now, 

or Cortana on a phone. Three (6%) respondents said they primarily used a virtual assistant 

on a tablet, and three (6%) said they primarily used a virtual assistant on a laptop or 

desktop computer. Siri was the only virtual assistant used on tablets, and Cortana was the 

only virtual assistant reportedly used on laptop or desktop computers. 
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The frequency of virtual assistant use was also measured the survey. On a five-point scale, 

the middle choice was chosen the most when asked, “How often do you use 

[Siri/Now/Cortana]?” Eighteen (33%) of 54 respondents indicated they used Siri, Now, or 

Cortana moderately often. One person (2%) said they used Siri “extremely often.” The 

results for each option is shown in Figure 7.2. 

 

Figure 7.2. Pie chart showing the percentage of responses to the questions, “How often do 

you use [Siri/Now/Cortana]?” 

Now was the most frequently used virtual assistant. If a value of one is assigned to the “not 

at all often” option through a value of five to the “extremely often” option, Now received 

an average rating of 2.57 (n = 14, SD = .94). The average rating for Siri was 2.4 (n = 35, 

SD = 1.06). Cortana was the least used virtual assistant with an average score of 1.8 (n = 5, 

SD = .84).  
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Usage of Now and Siri was, on average, between “slightly often” and “moderately often.” 

Cortana usage was, on average, between “not at all often” and “slightly often.” 

Respondents were asked how easy they thought it was to use Siri, Now, or Cortana. Thirty-

one (57%) of 54 people found Siri, Now, or Cortana “very easy” to use. Fifteen (28%) 

thought virtual assistants were “somewhat easy” to use and eight (15%) thought they were 

“extremely easy” to use. No one chose the “not so easy” or “not at all easy” to use options 

on the survey. 

When assigning a numeric value to the rating scale, with one being “not at all easy” and up 

to five being “extremely easy,” the three virtual assistants studied in the survey all had an 

average rating between “very easy” and “somewhat easy.” Still, Siri received the highest 

score with an average rating of 3.91 (n = 35, SD = .7). The average score for Cortana was 

3.8 (n = 5, SD = .45). Now received the lowest average rating with 3.79 (n= 14, SD = .58). 

Respondents were asked about the utility of Siri, Now, and Cortana. Figure 7.3 shows how 

useful virtual assistants were among the 54 people who reported using Siri, Now, or 

Cortana. 
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Figure 7.3. Pie chart showing the percentage of responses to the question, “How useful do 

you find [Siri/Now/Cortana]?” 

A value can be given to the usefulness rating scale. When one is equal to “Not at all 

useful” and up to five is equal to “Extremely useful,” Now received the highest average 

rating. In terms of usefulness, Now had an average rating of 3.5 (n = 14, SD = .94). The 

average score for Cortana was 3.2 (n = 5, SD = .45), and the score for Siri was 3.17 (n = 

35, SD = .82). 

There was a moderate but significant correlation between how often people used virtual 

assistants and how useful they found them, r = .55, n = 54, p < .01. 

Methods of interacting with virtual assistants were investigated. First, people were asked 

how they typically control Siri, Now, or Cortana. Forty-nine (91%) of 54 used voice 

control and five (9%) respondents said they provided input to virtual assistants by typing.  
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Respondents were asked how they preferred to receive information. The majority (36 of 54 

[67%]) indicated they preferred to see and hear the information provided by virtual 

assistants. Ten (18%) said they preferred to only hear information, and eight (15%) said 

they preferred to only see the information. 

Most (31 of 54 [57%]) respondents reported using a virtual assistant while driving. It was 

also common to use Siri, Now, or Cortana “when tired or bored of typing.” There were 

multiple choices available and people could select more than one option. The responses are 

shown in Figure 7.4. 

 

Figure 7.4. Bar chart showing the number of responses to the question, “When do you 

typically use [Siri/Now/Cortana]?” 

Two free-form responses were provided under the “other” option. One person noted they 

used Siri when they were unsure of how to spell a word. Another person said they did not 

use Siri in any specific situation and used Siri evenly throughout their day. 
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Respondents (43 of 54 [67%]) indicated they mostly used Siri, Now, or Cortana to perform 

searches or ask questions. People could also choose from the following options: 

• Dictating emails or text messages 

• Scheduling appointments on a calendar, setting alarms/timers, or adding reminders 

• Reading emails or text messages 

• Performing searches or asking questions (e.g., "What's the current weather?") 

• Making or receiving phone calls 

• Starting applications (e.g., "Launch Facebook") 

• Playing or controlling music 

• Other 

People could choose more than one answer and the results are shown in Figure 7.5. 
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Figure 7.5. Bar chart illustrating the number of responses to the question, “How do you 

typically use [Siri/Now/Cortana]?” 

Five people provided typed-in responses in the “other” field. The five responses could 

generally be categorized as using a virtual assistant for navigation or opening maps. 

The last question on the survey asked about screen reader usage. Most people who 

responded to the survey reported not using screen readers. Fifty-one of 64 (80%) said they 

did not use screen reading software, and five (8%) were unsure if they ever used screen 

readers. Eight (12%) selected “yes,” they used screen reading software. 

Discussion 

Sixty-four complete responses were received to the questionnaire about virtual assistants. 

As the survey was conducted at a university, most of the users reported being 18 to 24 or 

25 to 34. 
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More than half (55%) of the respondents reported their gender as female which was 

unexpected. The enrollment at FIT in October 2016 – a month after the questionnaire was 

distributed – was predominantly male (Florida Institute of Technology, 2017). Sixty-six 

percent of the students enrolled were male at the time and 34% were female. It was thought 

more male students would respond to the survey. 

Ten (16%) of the people who responded reported not using Apple Siri, Google Now, or 

Cortana. This does not reflect real-world usage rates of virtual assistants as people who 

Siri, Now, or Cortana were presumably more likely to respond to the survey. 

The main purpose of the survey was to determine how useful Siri, Now, and Cortana were 

perceived to be, when multimodal virtual assistants were used most often, and how people 

preferred to interact with them. 

Respondents reported using virtual assistants between “slightly often” and “moderately” 

often. People indicated the virtual assistants were between “somewhat useful” and “very 

useful.” As virtual assistants scored below average in usage and did not receive the highest 

score in usefulness, the survey suggests there is room to improve virtual assistant 

functionality. Integrating screen reading functionality into virtual assistants would increase 

their utility. 

The most relevant finding of the survey was how people reported preferring to interact 

with virtual assistants. Virtual assistants can provide unimodal or multimodal feedback. 

Most respondents (67%) said they prefer to see and hear information when interacting with 
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virtual assistants. The results suggest people prefer multimodal interaction when 

interacting with electronic devices. 

The respondents also reported preferring to use voice control to interact with virtual 

assistants. Voice control was not implemented in the software developed in this study 

because the screen reader and user would compete to talk. Screen readers do not take turns 

talking as virtual assistants do with users. Screen readers are not dialogue-based systems. 
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Chapter 8  
Tesla Test Drive 

In 2018, a test drive of a Tesla Model S was taken. The Tesla Model S driven had the self-

driving feature called Autopilot. The vehicle was also equipped with an information and 

entertainment (infotainment) system. Figure 8.1 shows the infotainment system which was 

controlled via a 17-inch touch screen in the center of the dashboard. The infotainment 

system included a web browser. 

 

Figure 8.1. Browsing the Human-Centered Design Institute website on the infotainment 

system inside a 2018 Tesla Model S. 

It was found it was possible to browse the web on the center screen while the Autopilot 

feature was engaged. So even if mobile electronic devices like cell phones, tablets, and 
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laptop computers were disabled or not used while driving, distracted driving due to web 

browsing could still occur when interacting with the vehicles built-in infotainment system. 
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Chapter 9  
Screen Reader Experiment 

Human-Centered Design Institute Website 

The same pages that were used in the eye-mouse correlation test were used in a screen 

reader experiment. However, in addition to the Courses, News, and Publications pages, 

three more pages were added for the experiment: 

• Organization Design and Management (ODM) 

• People 

• Programs 

The text content of the three new pages were copied and pasted into Microsoft Word. The 

word count and readability of each page is shown in Table 9.1. 

Table 9.1 

Word Count and Readability of Pages Introduced in the Screen Reader Experiment 

Page Word count Flesch Reading Ease Flesch-Kincaid Grade Level 

ODM 680 28.4 12.2 

People 253 29.6 12.1 

Programs 264 36.3 11.6 
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The same scenarios from the eye-mouse correlation test were used and three new ones 

were added for the new pages. As in the eye-mouse correlation test, a loosely related 

narrative was created to connect the pages and motivate the user to find the requested 

information. The scenario text read before each page can be found in Appendix A. 

Organization Design and Management Page 

Users were instructed to find information on the ODM page instead of searching for a link 

as on the other pages. They were asked to determine if a project was required or not 

required in the ODM class. 

The project requirement for the class was mentioned in two places on the page. At the end 

of a paragraph that discussed all the topics in the class, there was a sentence stating a 

project was required in the class. There was also another section on the page where the 

grade weighting was described. The grade weighting section stated a project was 20% of 

the class grade. So, it could be inferred from the grade weighting that a project was 

required in the class. 

People Page 

The People page on the HCDI website showed a list of faculty, staff, students, and alumni 

who were associated with the Institute. Some of the names were linked to biography pages. 

Some names were also listed multiple times as some faculty were also former students. 

The goal on the People page was to find Dr. Stephane’s profile link. As with the news 

page, there were two opportunities to find the desired link. A link to Dr. Stephane’s profile 

was listed once under the Faculty heading and once in the list under the Alumni heading. 
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Programs Page 

The Programs page was the shortest page selected in terms of word count. The Programs 

page briefly described the doctoral and master’s programs in human-centered design. At 

the end of the paragraph describing the master’s degree program, there was a link to 

download a flyer containing more information about the program. 

Participants were asked to find a flyer for the master’s program on the Programs page. This 

presented a challenge to participants as a link was not on a line by itself like links were on 

other pages. 

Web Analytics 

Lucky Orange analytics were added to the Human-Centered Design Institute (HCDI) 

website in 2017. Lucky Orange recorded visitor mouse movement. Individual user sessions 

could be played back in real-time through Lucky Orange’s web interface. The Lucky 

Orange interface also allowed viewing of visitor mouse movement data in aggregate. 

Lucky Orange provided a list of HTML elements on the site and the number of times users 

moused over the element. The number of times a visitor moused over the element was used 

to infer importance. The elements with the most mouse visits were assumed to contain the 

most salient information to the user’s task. 

The default Lucky Orange subscription plan featured 30 days of data storage. Thirty days 

of aggregate mouse movement data were used as a reference for prioritizing web page 

content in the unimodal software prototype. 
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Unimodal Software Prototype 

Once a better understanding was gained about how people interact with voice systems and 

mouse movement data was collected, work resumed on the Chrome plugin developed as a 

proof of concept. 

It was then discovered the Read Aloud feature in Microsoft Word could be used to rapidly 

prototype a screen reader and the text could be reordered based on web analytics inside of a 

Word Document. The Chrome plugin version of the software was abandoned in favor of 

using Word since the next portion of the research would focus only on using sound to 

browse the Human-Centered Design Institute (HCDI) website. 

Microsoft Word had a text-to-speech feature called Read Aloud. The voice and speed of 

the reading could be adjusted in the Read Aloud feature. The speech could also be played, 

paused, moved forward one paragraph, or moved backward one paragraph like functions in 

commonly used screen reading software. It was also possible to assign these functions to 

shortcut keys so the voice could be controlled via a keyboard again like frequently used 

screen readers. 

For the prototype, the default shortcut keys were reassigned. The playing and pausing of 

the speech were assigned to the control and spacebar keys. The two keys had to be pressed 

at the same time. The Read Aloud forward and backward functions were assigned to the 

left and right arrow keyboard keys respectively. 
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The content of the six selected pages (including headers, menus, and footers) were copied 

into Microsoft Word. To simulate the speech produced by commercially made screen 

reader software, the word “link” was prepended to all the linked text on the page. Headings 

had “heading level 1” through “heading level 3” prepended to them. Any text in a list also 

had the phrase “list item” prepended to it.  

Screen readers also typically read the web page title, so the pages title as displayed in a 

web browser was included at the top of the Word Document as well. There was also an 

image at the top of every page with an “alt” attribute (also known as alternate text). The 

text was not visible to users normally but would be read by screen readers. The alt text was 

added to each page’s content in Word. 

 

Figure 9.1. The text of the Programs page in Microsoft Word. The word Florida is 

currently being read by the Read Aloud feature. The forward, pause, and rewind buttons 

are also visible at the upper right corner of the document. 
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Two versions of each page were created as Word documents. One version contained the 

text in the order it appeared in the source code. This version was referred to as the standard 

or default order. The other version of each page had the content reordered based on 30 days 

of aggregate web analytics data gathered from Lucky Orange. 

A list of web page elements was retrieved from Lucky Orange. The number of times 

visitor’s mouse moved over the element was included in the list. The matching elements 

were found in the Word documents and moved around according to the frequency of 

mouse visits. The text of the element with the most mouse visits was moved to the top of 

the Word Document, the text of the second most visited element was placed below the 

first, and so on. 

Not every element on each page had mouse cursor visits according to the data collected by 

Lucky Orange. The elements without any mouse movement data were placed in a random 

order at the bottom of each document. 

A potential issue was discovered with the Publications page while trying the unimodal 

prototype. It took 24 minutes for the entire Publications page to be read by the Read Aloud 

feature at the default reading speed. 

To reduce potential fatigue on participants, the content of the Publications page was 

reduced to a list of 25 publications. 
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The word counts and readability scores of the reduced Publications page are listed in Table 

9.2. The numbers in Table 9.2 also include the screen reader language added to the text 

such as the page title and the element identifiers like “link,” “list item,” and “heading.” 

Table 9.2 

Adjusted Word Count and Readability Scores of All Pages 

Page Word count Flesch Reading Ease Flesch-Kincaid Grade Level 

Courses 798 17.8 12.8 

News 973 28.8 14.4 

ODM 781 29.8 12.1 

People 445 31.7 12 

Programs 311 37.6 11.6 

Publications 692 24.7 11.5 

 

The word count and readability scores were the same in both versions of the pages. The 

reordering of the content did not affect the Flesch-Kincaid reading calculations. 

Questionnaires 

When testing the unimodal and multimodal prototypes, three questionnaires were used to 

evaluate the software and the effect it had on participants. A modified version of the 

NASA Task Load Index (NASA-TLX) was used to capture workload. The Self-

Assessment Manikin was used to measure emotion. The System Usability Scale was used 

to gauge usability. 
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Modified NASA-TLX 

Sandra Hart at the National Aeronautics and Space Administration (NASA) developed a 

method for evaluating the workload in the 1980s (NASA, 2019). The questionnaire 

measured six factors: mental demand, physical demand, time demand, performance, effort, 

and frustration. Each factor was measured through self-reporting on a 21-point scale (zero 

to 20). 

Stephane (2012) modified NASA-TLX to include a measure for visual demand. The 

change asked users to rate “how visually demanding” the task was on a 21-point scale from 

very low to very high. The visual demand question was included on the questionnaire in 

this study. 

As the final software prototype developed in this study included both visual and audible 

output, another category was introduced: auditory demand. Rench (2000) recommended 

using NASA-TLX to measure auditory workload. A new line was added to Stephane’s 

modified NASA-TLX and asked participants to rate “how aurally demanding” the task was 

on a 21-point scale from very low to very high. The modified version of NASA-TLX is 

shown in Appendix B. 

The workload categories could also be weighted using a pair-wise comparison. In the 

original NASA-TLX design, subjects were shown 15 different pairs of workload factors 

and chose which of the two was most relevant to the task. The most relevant factors were 

given more weight and the less relevant factors were given less weight in the total score. If 
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this were used in the modified version of NASA-TLX that included audible and visual 

demand, participants would have had to choose from 28 different pairs. 

Instead of asking subjects to rate 28 different word pairs, the average of all eight task-

related scores was used instead. The average score could range from zero to 20 with zero 

being low or no workload, and 20 being high or the maximum amount of workload. 

Self-Assessment Manikin 

A non-verbal survey was incorporated into the software testing. The Self-Assessment 

Manikin (SAM) is a pictorial questionnaire for measuring emotional response (Bradley & 

Lang, 1994). The survey was designed to measure three emotions: pleasure, arousal, and 

dominance. The three emotions were first identified by Mehrabian and Russel (1974) as 

being representative of all emotions. 

SAM was designed as a nine-point scale even though each emotion was represented by 

five pictures. To obtain a nine-point scale, respondents could mark in between the pictures. 

To make the nine-point scale more obvious, Morris (1995) added nine circles below and in 

between each picture. 

In this study, the SAM illustrations provided by Bradley and Lang (1994) were combined 

with the circles designed by Morris (1995). The combined design is published in Appendix 

B. 
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For analysis and easier reporting, numbers were assigned to each point on the SAM scale. 

The left most picture was considered a value of one and the right most was is considered a 

value of nine. The middle picture was considered a score of five.  

System Usability Scale 

System Usability Scale (SUS) was used to evaluate the user-friendliness of the software 

prototypes. SUS was developed as a quick method for evaluating systems such as software 

(Brooke, 1996). The questionnaire has been referred to as an “industry standard” due to its 

widespread use (Brooke, 2013). 

SUS used a five-point Likert scale. Respondents indicated whether they agreed or 

disagreed with ten different statements related to usability. They could select on a scale 

from one to five where one was “strongly disagree” and five was “strongly agree.” 

A SUS score could range from 0 to 100. The score was calculated by subtracting one from 

the score on the odd numbered statements (e.g., 1, 3, 5, etc.) and subtracting the even 

numbered statements by five. The sum of the ten adjusted numbers were then multiplied by 

2.5. 

One modification was made to the questionnaire. Finstad (2006) recommended adding a 

synonym for the word cumbersome in statement eight to help non-native English speakers 

better understand the question. The word “cumbersome” was changed to 

“cumbersome/awkward” on the eighth statement. The modified survey is listed in 

Appendix B. 
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Based on the recommendation of Bangor, Kortum, and Miller (2009), a SUS score of 70 or 

above could be considered “acceptable.” Bangor, Kortum, and Miller also assigned 

descriptive terms to a range of scores. A score of 52 to 72, 73 to 84, or 85 to 99 could be 

considered “ok,” “good,” or “excellent” respectively. A score of 100 would mean the 

system was the “best imaginable.” 

Experiment Procedure 

To isolate the audio modality, a single-task test of the unimodal software prototype was 

conducted. Twenty people were sought for the experiment. Nielsen (2006) recommended 

20 as the minimum number of participants for a quantitative study. 

A call for participation was made via email to faculty and students at Florida Institute of 

Technology (FIT). People were also recruited in-person at FIT. 

The participants were briefly introduced to screen reading software. They were then told 

the experiment required them to find information on the Human-Centered Design Institute 

(HCDI) website using screen reading software. They would not be able to see the website. 

They would instead hear synthesized speech describe each page to them and they would 

use a keyboard to control the speech. If the subjects agreed to participate, a verbal 

questionnaire was then administered. 

Participants were asked about their age, gender, and education level. They were also asked 

about their experience with systems that used computerized speech such as virtual 
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assistants, screen readers, and the text-to-speech functions in programs like Microsoft 

Word and Adobe Reader. 

After completing the verbal questionnaire, a short training session was held. Users were 

provided with a keyboard connected to a laptop with built-in speakers. The audio was 

transmitted from the laptop’s speakers. Microsoft Word was running on the laptop. The 

subjects could not see the laptop screen. Users were told which keys to press to start and 

stop the screen reader and which keys could be used to move the speech forward or 

backward one paragraph. They were asked to try pressing the keys and confirm they 

understood the keyboard layout. 

Even though it was possible to change the voice and adjust the reading speed in Microsoft 

Word, participants were not allowed to adjust the settings to reduce the number of 

variables in the experiment. The default Microsoft David voice was used as was the default 

reading speed. 

The subjects were told they would try to browse pages on the HCDI website in two 

different modes, and the reading order would be different in each mode. 

Each person was asked to find information on six pages from the HCDI website. The 

scenarios for each page are listed in Appendix A. The scenarios were read before each page 

was loaded in Microsoft Word. All six pages initially identified at the beginning of this 

research were used in the experiment. Every participant tried each page once. 
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The pages were split into two groups of three. One set used the default, source code order, 

and the other set used the order based on mouse movement data gathered from Lucky 

Orange web analytics.   

Twenty unique combinations of pages were manually generated for the experiment. Half of 

the combinations started with three pages where the content was in the standard order. The 

other half started with three pages were the content was reordered based on web analytics.  

The mode was alternated between each participant. Alternating was done to ensure an 

equal number of people received the standard mode first and an equal number of people 

received the reordered mode first. Table 9.3 shows the number of times each page was 

shown in each mode across all trials. 

Table 9.3 

Number of Times Each Page Was Used in Each Mode Across All Trials 

Page Standard mode Reordered mode 

Courses 10 10 

News 11 9 

ODM 9 11 

People 10 10 

Programs 10 10 

Publications 10 10 

 

To offset the effects of sequencing, the sets were created so each page was shown 

approximately an equal number of times in each position of the trial. Table 9.4 shows the 
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number of times each page was shown during each trial and in which position the page 

appeared. 

Table 9.4 

Number of Times Each Page Was Shown in Each Position 

Page Trial 11 Trial 12 Trial 13 Trial 21 Trial 22 Trial 23 

Courses 4 3 3 3 4 3 

News 4 4 3 3 3 3 

ODM 4 3 4 3 3 3 

People 3 4 3 3 3 4 

Programs 3 2 3 4 4 4 

Publications 2 4 4 4 3 3 

 

In between each trial, NASA-TLX, Self-Assessment Manikin, and System Usability Scale 

were administered. The questionnaires were filled out twice (once after each mode) by 

every user. 

Experiment Results 

Twenty people tried the unimodal software prototype. Before trying the software, a 

questionnaire was given. The questionnaire is published in Appendix B. 

On the questionnaire, nine of the participants indicated they were female and 11 indicated 

they were male. Half of the subjects reported being age 25 to 34. No one reported being 65 

years old or older. The ages of all the participants is illustrated in Figure 9.2. 
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Figure 9.2. Pie chart showing the percentage or responses to the question, “What is your 

age?” 

When asked about their highest level of education completed, all participants had at least 

some college education. Four people had some college education, four graduated from 

college, three had some graduate school education, and nine completed graduate school. 

People were asked to rate their proficiency using the internet on a scale of beginner, 

intermediate or advanced. The question was copied from the survey conducted by 

WebAIM (2017) about screen reading software. Two users rated themselves as having 

intermediate proficiency. Eighteen people rated their internet proficiency as advanced. 

Nine of the subjects had been to the Human-Centered Design Institute (HCDI) website 

before, and 11 said they had never been to the HCDI site. 
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Each participant was asked to find a target on three pages in each screen reading mode. In 

standard mode, people found the target successfully 75% of the time on average. In the 

reordered mode, people found the target 70% of the time on average. 

The average success rate for each mode and each page is shown in Table 9.5. The 

Publications page had the lowest success rate. Half of the participants found the requested 

article on the Publications page. The People page had the highest success rate. Participants 

found the link to Dr. Stephane’s profile every time in both modes. 

Table 9.5 

Task Completion Rate with Each Mode in the Screen Reading Experiment 

Page Standard mode Reordered mode Both modes 

Courses 50% 60% 55% 

News 89% 73% 80% 

ODM 91% 78% 85% 

People 100% 100% 100% 

Programs 60% 70% 65% 

Publications 60% 40% 50% 

 

The reordered mode enabled people to have a higher success rate on two pages: Programs 

and Courses. The mode had no effect on the success rate on the People page. The reordered 

caused users to fail the task more often on three pages: News, ODM, and Publications. 

The order of the pages was randomized. Three pages were shown and then the mode was 

changed, and another three pages were shown. The first page had the lowest average 
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success rate with 60% of the participants successfully finding the requested information 

regardless of whether the content was reordered or not. The fourth page, which was the 

first page after the mode was switched, had the second lowest success rate of 65% on 

average. The final page, page six, had the highest success rate of 85% across both modes. 

The success rate for each mode and each page position is shown in Table 9.6. 

Table 9.6 

Effect of Sequencing on Task Completion Rate in the Screen Reader Experiment 

Trial Standard mode Reordered mode Both modes 

Trial 11 60% 60% 60% 

Trial 12 70% 80% 75% 

Trial 13 60% 90% 75% 

Trial 21 70% 60% 65% 

Trial 22 80% 70% 75% 

Trial 23 90% 80% 85% 

 

No user had a success rate lower than 50%. That is, users found the target on at 

least half of the pages. The success rate achieved by the participants is listed in 

Table 9.7. 
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Table 9.7 

Number of Targets Found by All Participants in the Screen Reader Experiment 

Targets found Percentage of users 

6 of 6 20% 

5 of 6 20% 

4 of 6 35% 

3 of 6 25% 

2 of 6 0% 

1 of 6 0% 

0 of 6 0% 

 

A moderate, although not significant correlation was discovered between the Flesch 

Reading Ease score of a page and the number of people who successfully found the target 

on the page, r = .49, n = 6, p = .33. The Flesch-Kincaid Grade Level did not have a 

relationship to the total user success rate, r = .19, n = 6, p = .72. The number of words on 

the page also did not correlate with success, r = -.1, n = 6, p = .84.  

Modified NASA-TLX 

A modified version of NASA-TLX was given after each mode of the screen reader was 

tried. 

The first mode presented to the user was alternated between each experiment. Half of the 

participants received the mode where the content was reordered first, and half received the 

mode without reordering first. The first and second modes, regardless of whether the page 
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content was reordered, had the same average workload score (5.7) on the modified NASA-

TLX. 

There was a difference in average workload score between the reordered mode and 

standard mode. The mode where content was not reordered had an average score of 5.98 

(SD = 2.98) on the modified NASA-TLX. The mode where content was reordered received 

a lower average workload score of 5.47 (SD = 2.72). The difference in the averages was 

not statistically significant, however, p = .58. 

The workload factors all decreased on average when the content was reordered except for 

the effort category. The reported effort increased by an average of .15 when the content 

was reordered. The average score for each factor in each mode is listed in Table 9.8. 

Table 9.8 

Average Workload for Each Screen Reading Mode 

Workload factor Standard mode Reordered mode 

Mental demand 10.15 9.7 

Visual demand 0 0 

Auditory demand 9.45 8.75 

Physical demand 1.5 1.35 

Temporal demand 5.75 5.35 

Performance 7.15 5.45 

Effort 7.5 7.65 

Frustration 6.3 5.5 
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The answers to the auditory demand question had the most variance across all the tests 

with a standard deviation of 5.9. The physical demand question varied the least and had a 

standard deviation of .84. 

There was a weak, although, significant correlation between auditory demand and temporal 

demand, r = .33, n = 40, p = .04. There was also a strong correlation between mental 

demand and effort, r = .66, n = 40, p < .01. Mental and auditory demand had the weakest 

correlation when mental and auditory demand were compared to the other factors on the 

modified NASA-TLX, r = .12, n = 40, p = .45. Table 9.9 lists the correlation between 

auditory demand and other workload categories. 

Table 9.9 

Correlation Between Auditory Demand and Other Workload Factors, n = 40 

Workload factor r-value p-value 

Mental demand .12 .45 

Physical demand .17 .29 

Temporal demand .33 .04 

Performance .15 .33 

Effort .24 .13 

Frustration .27 .09 

 

Self-Assessment Manikin 

On the Self-Assessment Manikin (SAM), the responses to the pleasure scale varied the 

least. The answers regarding pleasure ranged from two to nine with a standard deviation of 
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1.72. On average, participants rated the reordered mode more pleasurable (3.7) and the 

standard mode less pleasurable (3.95). 

Users also found the reordered mode more arousing. The average arousal score on SAM 

for the reordered mode was 4.6. In the standard mode, people rated their arousal as 4.7. 

The responses to the dominance scale were the most varied. The answers ranged from one 

to nine with a standard deviation of 2.34. People felt more dominant (5.9) when the content 

was reordered and less dominant (5.6) when the content was in the default order. 

Reported pleasure, arousal, and dominance increased on average in the reordered reading 

mode. The statistics for each picture set and each mode is displayed in Table 9.10. 

Table 9.10 

SAM Scores in Each Screen Reader Mode 

 Pleasure Arousal Dominance 

Mode M SD Min Max M SD Min Max M SD Min Max 

Standard 3.95 1.67 1 7 4.7 2.15 1 8 5.6 2.33 1 9 

Reordered 3.7 1.81 2 9 4.6 2.06 2 9 5.9 2.4 1 9 

 

When examining the order in which the modes were presented, people reported being less 

pleased, more aroused, and more in control in the second mode regardless of whether the 

mode had standard order content or content reordered based on web analytics. 
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Table 9.11 

SAM Scores Based on Sequencing in the Screen Reader Experiment 

 Pleasure Arousal Dominance 

Trial M SD Min Max M SD Min Max M SD Min Max 

Trial 1 3.6 1.43 2 7 4.85 2.18 1 9 5.55 2.28 1 9 

Trial 2 4.05 1.99 1 9 4.45 2.01 1 8 5.95 2.44 1 9 

 

System Usability Scale 

The usability of the screen reading software was analyzed using System Usability Scale 

(SUS). Participants tried both modes and SUS was given between each mode. The first 

mode used by each participant was alternated between users. Half of the users tried the 

reordered mode first while the other half tried the standard mode first. 

The average SUS score of the standard mode was 71.13 (SD =15.46). The average of the 

reordered mode was 70.5 (SD = 14.93). The difference was not statistically significant, 

however, p = .9. 

When the individual statements were analyzed, it was found the reordered content scored 

better on four statements, the same on two statements, and worse on four statements. 

People thought they would use the system more frequently, it was easier to use, the 

functions were better integrated, and found the system less cumbersome. On the other 

hand, they also thought the system was more complex, more inconsistent, they would more 

likely need the support of a technical person, and they felt less confident using the system. 
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The effect of sequencing was also investigated. The first mode presented, regardless of 

whether it used the standard order, or the content reordered based on web analytics, scored 

highest on SUS. The mode in the first trial had an average score of 71.75 (SD = 13.57). 

The mode in the second trial had an average score of 69.88 (SD = 16.61). But again, the 

difference was not significant, p = .7. 

The variability of the responses was analyzed. Statement nine, “I felt very confident using 

the system,” displayed the most variability with a standard deviation of 1.17. The average 

rating of the standard mode was 4 and the reordered mode was 3.5. 

Responses to statement five, “I found the various functions in this system were well 

integrated,” varied the least. The standard deviation of the fifth statement was .95 with the 

standard mode receiving an average rating of 3.7 and intelligent mode receiving an average 

rating of 3.85. Similarly, the first mode presented received an average rating of 3.7 and the 

second mode presented received an average rating of 3.85. 

Discussion 

After visiting the Brevard Association for the Advancement of the Blind, and as only 12% 

of the respondents in the intelligent virtual assistant survey reported using screen reading 

software, screen reader users were not specifically targeted for the screen reading 

experiment. Any student, staff, or faculty member at Florida Institute of Technology was 

invited to participate. 

The screen reader was tried in two different modes. 
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The people who performed best in the screen reading tasks appeared to be listening for 

keywords and were not trying to gain an understanding of the web pages structure. 

Participants also requested a different, more realistic voice for the screen reader and 

wanted more functionality such as being able to skip to headings or links on the page 

instead of listening to the entire web page. 

Courses Page 

The Courses page had the lowest Flesch Reading Ease score among the six pages selected. 

An accessibility issue was discovered on the Courses page and presented a challenge for 

the study participants. The goal on the Courses page was to find the link to the 

Organization Design and Management (ODM) syllabus. However, there were multiple 

links on the page titled “Syllabus.” The syllabus links were not named uniquely. This did 

not pose a problem when the link was read in context with the course title and description 

preceding it. When the content was reordered, though, the context of the link was lost. As a 

result, users had no way of knowing which syllabus link belonged to each course. For 

example, in the reordered mode the software at one point read two syllabus links back to 

back. 

“Link Syllabus. Link Syllabus.”  

Unbeknownst to the users, each link was to a different syllabus. To avoid this problem, the 

World Wide Web Consortium (also known as W3C) recommends naming links uniquely 

(W3C, 2016). It is also possible to fix this issue with WAI-ARIA attributes to provide 
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additional information about the link (W3C, 2015). These attributes were not present on 

the page, however. 

Some participants were able to successfully complete the task even when the content was 

rearranged as the first syllabus link read after the course title, “Organization Design and 

Management,” was the syllabus for ODM. In between the course title and the syllabus, 

though, there were three paragraphs, two of which were unrelated to ODM. Some 

participants used the back button to go to the syllabus before the title “Organization Design 

and Management” was read. The syllabus that preceded the ODM course title in the 

reordered mode was the syllabus for the Industrial Design class. Again, there was no way 

to know this though as the link was titled “syllabus” like all the other syllabus links on the 

web page. 

The success rate on the Courses page was the second lowest with 55% of the participants 

finding the syllabus. 

News Page 

The News page had the most complex language to according to the Flesch-Kincaid Grade 

Level score. The News page was the longest web page in terms of word count too. 

The News page was a challenge for users since there was a link on the page titled “Master 

Events” which lead to a page about previous events held at the Institute. Some people only 

listened for the word “master” as they were instructed to find a news article about a new 

master’s program, and as a result selected the incorrect link. 
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People also stopped the screen reader at the news article about the Human-Centered Design 

Institute holding an open house and expressed they thought they could learn about the new 

master’s program at the open house. When this occurred, it was not counted as successful 

completion of the task. 

Organization Design and Management Page 

The Organization Design and Management (ODM) page had the second highest success 

rate in the screen reading experiment with 85% of the participants identifying that a project 

was required in the class. 

The people who failed to find the information about the project requirements skipped past 

the paragraph containing the sentence that stated a project was required. 

Due to the way the unimodal prototype was designed, the screen reader would skip to the 

next paragraph when the forward button was pressed. Some participants expressed the 

screen reader should only skip to the next word or sentence instead of skipping paragraphs 

when the forward or backward keys were pressed. 

People Page 

A 100% success rate was achieved on the People page across all trials. Participants were 

asked to find Dr. Stephane’s profile. The People page was the shortest page in terms of 

word count among the six selected for the study. 
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The page consisted primarily of a list of names. Participants were able to more successfully 

listen for Dr. Stephane’s name among a list of other names when compared to the other 

tasks in the experiment. 

Programs Page 

On the Programs page, the goal was to find a link to download a flyer about the master’s 

program in Human-Centered Design. This was the third most failed task in the experiment. 

Thirty-five percent of the subjects were unable to find the programs flyer link. 

The participants failed to find the flyer due to skipping the paragraph containing the link. 

The link to the flyer was at the end of a five-sentence paragraph. The screen reader would 

move to the next paragraph when the users pressed the forward button. The users were not 

aware that they had skipped over the link when they skipped the paragraph. 

If the screen reader had a mode to only read links as was commonly found in commercial 

screen reading software, this task may have been easier to perform. 

Publications Page 

The Publications page was the most difficult page for users in the screen reading 

experiment. Half of the participants failed to find the correct link on the publications page. 

The Publications page was difficult for two reasons: 

1. The content was not presented in sentences. The list of publications was formatted 

in APA format and was difficult to listen to. 
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2. Users were instructed to find Dr. Stephane’s article about nuclear power plant 

control rooms. However, there were several articles on the page about nuclear 

power plant control rooms by other authors. The users who failed to find the 

article, stopped the screen reader at the article about nuclear power plant control 

rooms written by a different author. 

The Publications page had the lowest success rate in the eye tracking study as well because 

people clicked on the articles about nuclear power plant control rooms published by 

another author. They did not differentiate between the authors listed in the APA citation. 

Modified NASA-TLX 

Reported workload was lower on the modified NASA-TLX when content was reordered. 

The only factor where the reordering of content had a detrimental effect was in effort. 

Subjects felt they had to put more effort in when the content was reordered based on mouse 

movement data. 

The biggest difference was in the performance category. People thought they were 1.7 (an 

8% difference) points better in performance on average. Unfortunately, this did not align 

with actual performance. When the content was reordered, people successfully found the 

target information 70% of the time. When the content was in the standard order, they found 

the requested information 75% of the time. 

The second biggest difference between the two modes was in frustration. People felt less 

frustrated by an average of .8 points when the web page content was reordered. 
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The effect of learning and fatigue may have been revealed by the modified NASA-TLX. In 

the second trial, regardless of the screen reading mode, people reported higher mental 

demand by .25 points. They also reported more effort and frustration by 1.45 and .5 points 

respectively. The users felt the performed better by 1.1 points and felt less rushed by .7 

points in the second trial. 

The auditory factor was a new addition to NASA-TLX introduced in this study. The 

auditory demand was lower by an average of .7 when the screen reading was reordered 

based on web analytics. 

The responses to the auditory workload factor had the highest variance suggesting it might 

not be well understood. The auditory factor did not strongly correlate with any other 

attribute though suggesting it may be measuring a different form of workload not captured 

by the standard NASA-TLX.  

Self-Assessment Manikin 

SAM was used to measure emotional response. People were confused if they were 

supposed rate their emotions based on how they felt about the software or about the tasks. 

The participants were instructed to complete the form based on how they “felt after using 

the software” which could include emotional response to both the task and the software. 

Several participants commented they enjoyed filling out the Self-Assessment Manikin 

(SAM). Most participants asked for clarification about what each set of images meant on 

SAM. Participants expressed the most difficulty with the dominance pictures. They did not 

understand what the pictures on the scale represented nor did they feel it applied to the 
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software. The lack of understanding about the dominance pictures could also explain why 

the scores in the dominance category had the most variance. 

The screen reading mode with the reordered content received more positive emotional 

responses in all three categories on SAM. People felt more pleasure, more aroused, and 

more in control when content was reorganized based on web analytics. 

The experiment was split into two trials. People reported being less pleased in the second 

trial, but also expressed being more aroused on SAM. They also reported feeling more in 

control in the second trial possibly due to learning the software. 

System Usability Scale 

The standard reading order received the highest System Usability Score (SUS). The 

standard reading mode did not score better on every statement, however. 

When the content was reordered, participants were more likely to agree that they “would 

like to use this system frequently.” Subjects were also more likely to agree “the system was 

easy to use.” 

People indicated a stronger agreement “the functions in this system were well integrated” 

when content was reordered as well, but multiple participants commented that they did not 

understand the question, or they felt it did not apply to the software being tested. The 

failure to understand question number five could also explain why the responses were the 

least varied. 
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The reordered content mode also scored better on the statement, “I found the system very 

cumbersome/awkward to use.” People were less likely to agree with that statement when 

the reading order was optimized with web analytics. 

Verbally, people reported liking that the reordered mode skipped the menus at the top of 

every page. They did not like having to listen to the menus every time a new page was 

opened in the standard mode. 
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Chapter 10  
Driving Simulator Experiment 

A dual-task experiment was conducted in a driving simulator at the Human-Centered 

Design Institute (HCDI). Three to five users were sought to try the multimodal software 

prototype while operating a simulated semi-autonomous vehicle. According to Nielsen 

(1994), most usability problems could be discovered with three to five test subjects. 

Two versions of a multimodal software prototype were tested. Each participant tried to use 

the software with highlighting in one trial and videos without highlighting in another trial. 

Multimodal Software Prototype 

The final software prototype added visualization to the synthesized speech for a 

multimodal experience. To rapidly prototype a version of the software with audible and 

visual output, videos were created using Adobe Animate (formerly Adobe Flash 

Professional) that mimicked how the software worked. 

The computer speech from Microsoft Word in the unimodal prototype was first recorded. 

Only the speech from the pages where the content was reordered based on Lucky Orange 

web analytics was used. After the speech was recorded, a full-length screenshot was taken 

of each corresponding page on the Human-Centered Design Institute website. 

The screenshots were imported into Animate along with the recorded speech. A black 

semi-transparent rectangle was placed over the entire screenshot of each page. The 
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masking function in Animate was then used to create a fully transparent rectangle inside of 

the black semi-transparent rectangle. The position of the fully transparent rectangle was 

resized and moved to correspond with the block of text currently being read aloud by the 

previously recorded voice track. Figure 10.1 shows an example of the visualization created 

in Animate. 

 

Figure 10.1. Screenshot of the Programs page where a paragraph is highlighted and 

simultaneously read aloud with synthesized speech. 

The video was designed for a screen with a resolution of 1920×1080 pixels. Only the 

Programs page fit fully within this resolution. On the other five pages chosen for the study, 

scrolling was required to see all the content. On the pages with scrolling, the screenshot of 

the page was moved so the content and transparent rectangle were near the center of the 

screen. 
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The result of the work in Animate was a video where the Microsoft David voice narrated 

the content of the web page, and a rectangle highlighted the content currently being read 

aloud. The rectangle moved around the page along with the speech. 

Another set of videos were created but without any highlighting. The page would move 

when necessary to center the content on the screen, but the black rectangle used for 

highlighting was removed. 

The final videos were played back in full-screen mode in VLC media player (VideoLAN, 

2019). The video could be played, paused, forwarded by 10 seconds, or rewound by 10 

seconds. 

Asking people to try the multimodal prototype while operating a real car would have been 

dangerous, so a driving simulator was used instead. 

Driving Hardware 

HCDI was equipped with a Vesaro I Modular Racing Simulator as seen in Figure 10.2. A 

48-inch Samsung display with a resolution of 3,840×2,160 pixels was mounted at the front 

of the simulator rig for displaying the driving environment and a virtual car interior. 
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Figure 10.2. Driving simulator with a laptop on the side used for displaying the 

multimodal software prototype. 

A Microsoft Windows laptop with a 13.3-inch screen was placed on a table next to the 

simulator to mimic a center mounted infotainment system in a vehicle. Participants were 

not allowed to adjust the height of the table, but they could move the table closer or further 

from them to see the laptop screen more clearly. 

The laptop also contained a web cam on the front of the screen. The web cam was used to 

monitor the subject’s eyes and determine when they glanced at the screen. 

The multimodal prototype, which used VLC media player in full-screen mode, was 

displayed on the laptop screen. The sound generated from the laptop was played through 

the Samsung screen at the front of the simulator since the sound from the large display was 

louder and clearer than the sound generated by the laptop’s built-in speakers. 
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A Logitech G27 steering wheel was mounted to the simulator below the large screen with 

the driving scene. The G27 was connected to the laptop via a USB cable. The G27 featured 

six buttons on the steering wheel as shown in Figure 10.3. The buttons could be mapped to 

mimic key presses on a keyboard. 

 

Figure 10.3. Buttons on the steering wheel for controlling the software. The controls are 

labeled and duplicated on both the left and right side of the steering wheel. 

The buttons on the steering wheel were mapped to the play/pause, forward, and backward 

controls in VLC media player. The controls were duplicated and labeled on each side of the 

steering wheel. When the button representing play was pressed on the steering wheel, the 

video of the multimodal prototype in VLC media player would begin playing. If the play 

button was pressed again, the video would pause. Pressing backward would rewind the 

video by 10 seconds and pressing forward would move the video forward by 10 seconds. 
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Keylogging software was installed on the laptop to record how many times the user 

pressed the buttons on the steering wheel which in turn triggered the corresponding actions 

in VLC media player. 

Simulation Software 

A self-driving car needed to be simulated and rendered on the 48-inch screen at the front of 

the simulator. 

OpenDS (short for “open source driving simulator”) was investigated as a potential 

solution for creating a simulated self-driving car. OpenDS, however, required extensive 

customization through XML files to create a driving scenario. 

A computer video game, City Car Driving by Forward Development (2019), was 

discovered that encouraged safe driving. While it was not possible to simulate a self-

driving car in City Car Driving, a self-driving vehicle was mimicked by recording videos 

of driving in the game and then playing the video back later while participants sat in the 

driving simulator. 

Two 15-minute videos were recorded while driving in the game. One video was captured 

while driving in a city environment and another was recorded while driving on a highway. 

An example screenshot from each scene is shown in Figure 10.4 and Figure 10.5 
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Figure 10.4. Example screenshot of the city environment recorded in City Car Driving. 

 

Figure 10.5. Example screenshot of the highway environment recorded in City Car 

Driving. 
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To further enhance the realism of the simulation, a Tesla Model 3 was loaded in the game. 

City Car Driving did not include a Tesla Model 3 by default. A third-party user created a 

modification to the game that enabled a Tesla Model 3 to be selected (TJ, 2018). The 

modification was downloaded and installed prior to making the videos. 

A Wizard of Oz technique can be used to simulate technology when it is not available 

(Nils, Arne, & Lars, 1993). A Wizard of Oz technique could have been used to simulate a 

self-driving car. Someone outside of the driving simulator could have driven the car during 

each trial to reproduce the behavior of an autonomous vehicle. In City Car Driving, the 

pedestrians and cars changed in the game every time the game was reloaded though. Using 

videos ensured each participant had the same experience. 

As not to stress the test subjects, no accidents were simulated in the video. The simulated 

car drove safely around the city and highway environments and obeyed traffic laws until 

the video ended. 

Questionnaires 

The same modified NASA-TLX, Self-Assessment Manikin, and System Usability Scale 

questionnaires that were used in the screen reading experiment were used in the driving 

simulator experiment. A fourth questionnaire was introduced and given at the beginning of 

the driving simulator experiment, though: The Brief Distracted Driving Questionnaire. 
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Brief Distracted Driving Questionnaire 

Feng, Marulanda, and Donmez (2014) developed the Susceptibility to Driver Distraction 

Questionnaire (SDDQ). The survey has 39 questions. Eastman (2013), however, developed 

a short, five question survey to estimate self-reported susceptibility to distracted driving. 

As the participants had to complete eight other questionnaires during the experiment, the 

Brief Distracted Driving Questionnaire (BDDQ) created by Eastman was chosen instead of 

the longer SDDQ. The BDDQ is printed in Appendix B. 

Experiment Procedure 

Tesla vehicle drivers with experience using the self-driving feature called Autopilot were 

targeted for the driving simulator experiment. A call for participation was made via email 

to faculty, staff, and students at Florida Institute of Technology (FIT). Another call for 

participation was made through the email list of a local electric vehicle club. Only people 

who owned Tesla vehicles and used the Autopilot feature were requested to respond. 

People who responded to the emails were asked to come to the FIT campus to try to 

browse the web in a simulated self-driving car in a driving simulator. 

Upon arrival, the topic of browsing the web in semi-autonomous cars was introduced. They 

were informed they would be sitting in a simulated self-driving car and would use software 

to browse the Human-Centered Design Institute website while operating the car. If they 

agreed to participate, three questionnaires were then verbally administered. 
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The questionnaire from the screen reading experiment (as shown in Appendix B) was first 

administered. The drivers were asked about their gender, age, and education. It asked 

participants to report their experience with systems that used computer speech such as 

virtual assistants, screen readers, and text-to-speech features in programs like Microsoft 

Word. 

A new questionnaire was created for the driving simulator experiment to gather 

information about the participants driving history. The subjects were asked when they 

received their license, how many miles they drove per year, and how much experience they 

had with the Autopilot feature. The Tesla Driver Questionnaire is listed in Appendix B. 

The BDDQ was then administered verbally. 

When the initial questionnaires were completed, the drivers were asked to sit in the 

simulator. They would not be able to control the car but were asked to imagine that it 

behaved like a Tesla Model 3 with Autopilot turned on. They needed to remain alert and 

keep their hands on the steering wheel. 

The controls on the steering wheel were explained to each driver. They were asked to 

confirm they understood the controls and try pressing the controls on the steering wheel. 

After the software was explained, the driving scene was loaded onto the large screen. To 

compensate for the effect of the driving environment (city or highway), the first scene the 

participant received was alternated between each trial. 
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The drivers were then read one of the scenarios from the Software Prototype Scenario 

script in Appendix A. The corresponding page was loaded onto the laptop screen in VLC 

media player. The participants were asked to press the play button on the steering wheel 

after the scenario was read and when they felt ready. 

The same six pages as used in the screen reader experiment were used in the driving 

simulator experiment. The order of the scenarios and web pages were generated in 

advance. Each subject received a unique order of pages. As in the screen reading 

experiment, the pages were split into two groups of three. 

The difference between the groups was the visualization. One set of three had no 

highlighting and the other set of three pages had highlighting. The first set the drivers 

received was alternated between each experiment to ensure an approximately equal number 

of drivers received the mode with highlighting or the mode without highlighting first.  The 

total number of times a page was shown with or without highlighting is shown in Table 

10.1, and the number of times each page appeared at each position in the trial is shown in 

Table 10.2. 
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Table 10.1 

Number of Times Each Page Was Shown in Each Highlighting Mode Across All Trials 

Page Highlighting No highlighting 

Courses 2 3 

News 2 3 

ODM 3 2 

People 2 3 

Programs 3 2 

Publications 3 2 

 

Table 10.2 

Number of Times Each Page Was Shown in Each Position During the Trials 

Page Trial 11 Trial 12 Trial 13 Trial 21 Trial 22 Trial 23 

Courses 0 1 1 1 1 1 

News 1 2 1 1 0 0 

ODM 1 1 1 1 0 1 

People 1 0 1 1 1 1 

Programs 1 1 1 0 1 1 

Publications 1 0 0 1 2 1 

 

After the first three scenarios, the drivers were asked to fill out the modified NASA-TLX, 

Self-Assessment Manikin (SAM), and System Usability Scale (SUS) based on their 

experience. 
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The driving scene was then changed to the highway or city environment (which ever they 

had not seen yet). The next new scenario was read, and the new web page video was 

loaded. In the second set of three pages, however, the highlighting was toggled on or off in 

the video. If they had received a set of three pages with highlighting first, the second set of 

pages would not have highlighting or vice versa. 

At the end of the second trial with the different highlighting mode, the drivers again filled 

out the modified NASA-TLX, SAM, and SUS. Finally, the subjects were asked if they 

noticed a difference between the two trials and if they did, did they prefer highlighting or 

no highlighting on the web pages. 

Experiment Results 

An experiment was conducted in a simulated self-driving car. Five participants who had 

experience with Tesla’s Autopilot mode were recruited to provide feedback about the 

screen reading software. All the participants had experience using the Autopilot feature in a 

Tesla Model S, X, or 3. 

Between each mode of the software, drivers completed the modified NASA-TLX, Self-

Assessment Manikin and System Usability Scale questionnaires. The individual responses 

to the questionnaires are listed in Appendix C. 

Driver 1 

The first driver was a male, age 25 to 34. They had a self-estimated 90,000 miles of 

Autopilot experience. They said they received their driver’s license 6-10 years ago, drove 
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almost every day, and drove more than 20,000 miles per year on average. The first driver 

was the only participant who said they visited the Human-Centered Design Institute 

website previously. They indicated they were “slightly familiar” with the website. 

The driving simulator was setup with the city driving scene first for the participant. The 

first three pages were shown without any highlighting. The first three pages were: 

Organization Design and Management (ODM), News, and Programs. 

The user skipped past the paragraph that stated a project was required in ODM. There was 

a second opportunity to learn about the project in the grade weighting section. They heard 

the second section about the project grade weighting but did not stop the screen reader. 

They ultimately let the screen reader run to the end of the page. 

They successfully found the targets on the next two pages; the News and Programs pages. 

The second trial used the Courses, Publications, and People pages, and the driving scene 

was changed to the highway environment. Highlighting of the web page content was also 

introduced in the second portion of the experiment. 

The user successfully found the targets on the Courses and People pages. On the 

Publications page, however, they failed to find Dr. Stephane’s article about nuclear power 

plants even though the screen reader read both possible citations. After they reached the 

end of the page, the participant said they forgot the task. 

Across all the pages, the participant only used the forward button on the steering wheel. 

They never pressed backward. They pressed forward 38 times total across all the pages. 
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The rate at which they pressed the forward button is shown in Figure 10.6 along with the 

rate they glanced at the screen. 

 

Figure 10.6. Bar chart showing the average number of times per minute the user glanced at 

the screen, duration of each glance, and number of times they pressed the forward or 

backward buttons on the steering wheel. 

The driver glanced at the screen more often, but each glance was shorter when the 

highlighting feature was enabled in the second half of the experiment. When highlighting 

was disabled on the first three pages, they looked at the screen on average 9.76 times per 

minute and each glance lasted an average of 3.04 seconds. When extra visualization was 

enabled on the last three pages, the user glanced at the screen 13.23 times per minute and 

each glance lasted an average of 2.39 seconds. 
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The participant reported liking the highlighting but did not like how the content was 

rearranged. They saw the information they wanted on the screen and wanted to touch the 

screen to select it. 

Finally, the driver commented they felt the driving simulation was realistic. They said the 

city driving environment was more stressful and required them to stay more alert than the 

highway environment. They also did not know how the self-driving car portrayed in the 

simulation would behave. They thought they would need time to both learn to use the 

screen reading software and learn how the self-driving car functioned to perform 

effectively in the tasks. 

Driver 2 

The second driver was a female, age 55 to 64. They received a driver’s license more than 

20 years ago, drove almost every day, and estimated they drove 10,001 to 20,000 miles per 

year. They thought they had around 5,000 miles of experience using Autopilot. 

When answering the Brief Distracted Driving Questionnaire (BDDQ), they indicated they 

used a cell phone while driving, but verbally reported they only used a cell phone in hands 

free mode. They also reported never texting and driving on the BDDQ. 

During the driving simulation, the second participant never looked at the screen displaying 

the HCDI website. The added visualization introduced in the software prototype provided 

no benefit or hinderance for them during the experiment since they never glanced at the 

screen. 
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The user also differed from the other drivers by using the forward and back controls on the 

steering wheel more than anyone else. In total, across all six pages, they pressed the 

forward button 60 times and the backward button 15 times. 

The subject successfully found the requested target on three out of six pages. In the first 

mode when the driving scene was set to the highway environment, they failed to find the 

target on the first page presented (the Programs page). On the second two pages, the ODM 

and News pages, they successfully found the requested information. 

In the second mode when the driving scene was changed to the city environment, the 

participant successfully found the target on the People page, which was presented first. 

They did not find the targets on the last two pages, the Courses and Publications pages 

respectively. 

The second participant recommended a change to the button arrangement on the steering 

wheel. The controls for the software were duplicated on each side of the steering wheel. 

Since drivers are supposed to keep both hands on the steering wheel when the self-driving 

mode is enabled in a Tesla vehicle, they recommended not duplicating the controls. 

Instead, they said the forward button should be on the right and backward button should be 

on the left side of the steering wheel as shown in Figure 10.7. 
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Figure 10.7. Steering wheel control setup during the experiment (left) and setup 

recommended by participant 2 (right). 

Driver 3 

Participant number three was a male, age 55 to 64. They received their driver’s license 

more than 20 years ago and estimated they drove more than 20,000 miles per year. They 

guessed they traveled 12,000 miles in total using Autopilot. 

On the BDDQ, they reported using a laptop or tablet while driving less than 10% of the 

time. No other participant reported using a laptop or tablet while driving. 

The third subject was also unique because, while they did not have experience using screen 

reading software themselves, they had experience working with someone who used screen 

reading software daily and were familiar with how it functioned. 
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The participant never used the forward or back buttons during the experiment. They did, 

however, look at the screen. The highlighting mode was used in the first half of the 

experiment, and highlighting was disabled in the second half of the experiment. 

When highlighting was enabled on the Publications, Programs, and Organization Design 

and Management pages and the highway driving environment was shown, they glanced at 

the screen on average 4.98 times per minute and each glance averaged 2.9 seconds. When 

highlighting was disabled on the News, People, and Courses pages and the city driving 

environment was shown, they glanced at the screen less often at an average of 4.17 times 

per minute and each glance averaged 3.67 seconds. 

When highlighting was enabled, they successfully found the requested information on all 

three pages. When the highlighting was turned off, they failed to find the syllabus on the 

Courses page. 

The subject liked the steering wheel controls but wished there was a mixed method of 

interacting using both steering wheel controls and a touch screen. They wished they could 

use a touch screen to scroll to any point on the page or touch any point on the page. Then 

they wanted the screen reader feature to read from the point they stopped scrolling or at the 

spot they indicated on the page with their finger. 

Driver number three reported liking the highlighting feature. They did not like the 

reordering of content, though. They said they could see where the target information was 

on the screen, but the screen reader moved around so they could not predictably use the 

forward or back buttons to navigate to the desired location on the page. 
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Since the participant was aware of screen reading software functionality, they also desired 

features found in more advanced screen reading software like the ability to read only the 

headings and links on the page. They thought they could be more successful if they could 

skip to a specific heading or only hear the links on the page instead of listening to all of the 

web page’s content. 

Driver 4 

The fourth driver was a male, age 25 to 34. They reported using virtual assistants 

extremely often and mentioned listening to audio books very often. They received their 

driver’s license 11 to 15 years ago, drove almost every day, and estimated they drove 

10,001 to 20,000 miles per year on average. They reported having used Autopilot for 

approximately 7,000 miles of driving in total. 

The participant was shown the software mode without highlighting first and the mode with 

highlighting second. When highlighting was disabled, they looked at the screen 6.57 times 

per minute and each glance lasted an average of 3.42 seconds. When highlighting was 

enabled, they looked at the screen more often at 7.7 times per minute, but the duration of 

each glance was lower at an average of 1.95 seconds. The rate at which they pressed the 

steering wheel controls and glanced at the screen is shown in Figure 10.8. 
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Figure 10.8. Number of glances, glance duration, and button presses performed by 

participant 4. 

The subject did not like that the screen reader skipped ahead and back by ten seconds. 

Instead, they wished the forward and backward buttons moved the screen reader to the next 

word, sentence, or paragraph. They failed to find the target on the first two pages. The 

forward button was used 44 times, and the backward button was used 9 times on the first 

two pages. 

After unsuccessfully finding the requested information on the first two pages, the fourth 

participant stopped using the forward and backward buttons. They successfully found the 

target information on the four subsequent pages when they stopped using the steering 

wheel controls. 
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They said they liked the highlighting feature but did not like the reordering of content since 

they could see where they needed to go on the page and the reordering prevented them 

from predictably navigating the page using the buttons on the steering wheel. 

Driver 5 

The fifth driver was male, age 75 or older. They received their driver’s license more than 

20 years ago, drove a few times a week, and estimated they drove 5,001 to 10,000 miles 

per year. They used the Autopilot twice and both times were on the highway. The 

participant estimated they drove around 10 miles in total with Autopilot. 

On the BDDQ, the fifth driver reported never texting and driving and verbally indicated 

they will only answer calls while driving. They never placed calls while driving. 

The driver never used the forward or backwards buttons on the steering wheel during the 

experiment. 

They were shown the software mode with highlighting first. They failed to find Dr. 

Stephane’s profile link in the first scenario on the People page and let the screen reader run 

until the end of the page. They found the targets on the subsequent two pages with the 

highlighting, the News and Courses pages. 

In the second mode, when highlighting was disabled, they found that a project was 

required in ODM. On the last two pages, the Publications and Programs pages, they failed 

to find the targets. On the Publications page, the driver stopped the screen reader at the first 

article about nuclear power plants which was written by an author other than Dr. Stephane. 
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On the Programs page, they stopped the screen reader at the link to download the course 

descriptions. 

When content highlighting was enabled, the fifth user glanced at the screen at an average 

rate of 5.21 times per minute and the average duration was 3.55 seconds. They glanced at 

the screen at a rate of .67 times per minute for an average of 9.33 seconds when the 

highlighting feature was turned off. Figure 10.9 displays the glance rate per minute and 

average glance duration on each page displayed. The button presses per minute are not 

included as the participant never used the forward or back buttons on the steering wheel. 

 

Figure 10.9. Bar chart showing driver 5’s glance behavior. Button presses are not shown 

since the participant did not use the forward or backward buttons on the steering wheel. 

Discussion 

Five drivers with experience using self-driving cars tried the multimodal software 

prototype in a simulated semi-autonomous Tesla Model 3. The feedback among the drivers 
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was similar. As in the screen reading study, the participants suggested a more pleasant and 

realistic sounding voice for the software. 

In the screen reading study, people also expressed they did not like how the screen reader 

skipped entire paragraphs when pressing the backward or forward button. In the 

multimodal version of the software, the backward and forward buttons were changed to 

skip 10 seconds of reading. Again though, the participants felt like the 10 seconds skipped 

too much information and wanted the ability to skip a word or sentence. 

Driver 1, 3, 4, and 5 

Since the second driver never looked at the laptop that displayed the web page, their results 

are discussed separately. Drivers 1, 3, 4, and 5 all looked at the screen, and their data is 

reviewed in this section. 

The average time to completion (TTC) for the web browsing tasks was about the same for 

drivers 1, 3, 4, and 5 regardless of whether the highlighting feature was enabled or 

disabled. There was a difference, though, in the number of times and the duration of each 

glance when highlighting of the web page content was enabled. The drivers looked at the 

screen more often but for less time when highlighting was turned on. The effect of the 

mode on driver performance is shown in Table 10.3. 
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Table 10.3 

Effect of Highlighting on Task Completion and Glance Behavior 

Mode Average TTC Glances per minute Glance duration 

No highlighting 3 minutes, 3 seconds 5.29 4.87 seconds 

Highlighting 3 minutes, 4 seconds 7.78 2.7 seconds 

 

The pages were presented in a different order for each driver. The ordering of the modes 

(highlighting or no highlighting) was also alternated between each driver. Drivers 

generally became more proficient with the software as the experiment went on. The 

average TTC was 4 minutes and 29 seconds on the first task. The last task had an average 

TTC of 2 minutes and 21 seconds. Table 10.4 shows the average performance for all four 

drivers in each trial. The highlighting feature was toggled on or off between trial 1 and trial 

2 depending on which mode the driver received first. 

Table 10.4 

Effect of Sequencing on Task Completion and Glance Behavior 

Trial Average TTC Glances per minute Glance duration 

Trial 11 4 minutes, 29 seconds 8.17 3.23 seconds 

Trial 12 3 minutes, 7 seconds 5.97 2.95 seconds 

Trial 13 2 minutes, 48 seconds 5.76 3.5 seconds 

Trial 21 3 minutes, 6 seconds 5.93 3.63 seconds 

Trial 22 2 minutes, 30 seconds 7.47 6.11 seconds 

Trial 23 2 minutes, 21 seconds 5.92 3.26 seconds 
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Participants reported having to pay more attention when the city driving environment was 

loaded. The results showed the driver’s looked at the screen less while in the city 

simulation, but they also looked at the screen longer. The average performance between the 

two driving scenes are illustrated in Table 10.5. 

Table 10.5 

Effect of Driving Scene on Task Completion and Glance Behavior 

Driving scene Average TTC Glances per minute Glance duration 

City 3 minutes, 25 seconds 5.29 4.87 seconds 

Highway 2 minutes, 42 seconds 7.78 2.7 seconds 

 

On the surveys, the highlighting feature generally received more favorable marks than the 

software mode without highlighting. On the System Usability Scale (SUS), drivers gave 

the software without highlighting a score of 53.13. When highlighting was enabled, the 

average SUS score was higher, 57.5. Both modes were considered “ok” using Bangor, 

Kortum and Miller’s (2009) interpretation of SUS scores. 

The workload reported by the drivers was lower in all categories except one when the 

highlighting feature was used. The overall average modified NASA-TLX score was 9.59 

when highlighting was disabled. When highlighting was enabled, the average modified 

NASA-TLX score dropped to 8.94.  
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Table 10.6 

Average Modified NASA-TLX Scores for Each Highlighting Mode 

Workload factor No highlighting Highlighting 

Mental demand 11.75 11.5 

Visual demand 10.25 10 

Auditory demand 13.25 12.75 

Physical demand 4 2.5 

Temporal demand 8.75 11.25 

Performance 8.5 7.75 

Effort 9 7 

Frustration 11.25 8.75 

 

Temporal demand (i.e., time demand) was the only category where the highlighting had a 

detrimental effect. Two drivers reported they felt more rushed when the highlighting was 

enabled, and two drivers reported they felt less rushed. The difference could have been due 

to the driving environment or the combination of pages that were used in each mode. 

As the drivers reported having to pay more attention in the city environment, the 

differences in reported workload between the two environments was also investigated. 

When the highway simulation was used, the average modified NASA-TLX score was 8.72. 

In the city driving scene, the average modified NASA-TLX score was 9.81. The average 

workload was lower on the highway driving scene, which aligned with the driver’s verbal 

comments. 
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The average modified NASA-TLX score across all trials in the single-task screen reader 

experiment was 5.7 (n = 40, SD = 2.83). During the dual-task driving simulator 

experiment, the workload across all trials was 9.27 (n = 40, SD = 4.2). The difference in 

subjective workloads between the two experiments was statistically significant, p < .01. 

The differences in workload supports Novak, Mihelj, and Munih (2012) finding that self-

reported workload increases during dual-task multimodal human-computer interaction. 

Self-Assessment Manikin (SAM) was used to measure emotional response to the two 

software modes. On SAM, the highlighting mode received a better pleasurability score 

(3.25 vs. 4.25). The participants felt less aroused when the highlighting mode was enabled 

(4.5 vs 4.25) suggesting they may have felt more relaxed. In the dominance category, 

drivers felt in more control when the highlighting feature was enabled on the web pages 

(5.25 vs. 4.5). 

Driver 2 

The results from the second person in the driving simulator experiment offer an 

opportunity to identify differences in the usability of the different pages and the effect of 

the driving scene. 

Since the second driver never looked at the screen with the HCDI website, the differences 

in the surveys given between each mode might be a result of either the content of the web 

pages being different between each mode or the driving environment being different in 

each mode. 
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On the System Usability Scale (SUS), they gave the first set of pages a rating of 77.5. The 

second set of pages received a SUS rating of 55. The second set used the People, Courses, 

and Publications pages. The Courses and Publications pages had the lowest success rate in 

the screen reading experiment. The user also failed to find the requested content on these 

two pages. The difference in the ratings suggested they may have been rating the content 

on the web pages, not the screen reading software itself. The questions on the SUS do not 

emphasize separating content from function. 

The second driver’s responses on the modified NASA-TLX was consistent with other 

drivers. They reported a higher workload of 11.38 in the city environment. When on the 

highway, they reported an average workload of 6.75. 
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Chapter 11  
Future Work 

Safety-Critical Domains 

The software developed in this study could be applied and tested in other safety-critical 

domains such as aviation and health. In situations where people need to interact with 

computer systems but are performing other tasks like flying a plane or performing surgery, 

multimodal information output could be used to keep visual attention focused on the most 

important task. 

A longer-term study may be necessary, so people learn to use the software safely. The 

results of this study suggest multimodal interaction creates more task switching. The 

novelty of multimodal interaction may ware off after people use the software for a longer 

period and result in less task switching. 

Questionnaires 

A modified version of NASA-TLX, Self-Assessment Manikin (SAM), and System 

Usability Scale (SUS) were used to evaluate the software in this study. 

Scales 

The scales on the modified NASA-TLX, SAM, and SUS questionnaires were different. 

NASA-TLX used a 21-point, SAM used a nine-point, and SUS used a five-point scale. The 

scales were from the original questionnaire designs. Future research should keep the scales 

consistent if all three surveys are used together again. For example, the modified NASA-
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TLX and SAM scales could be reduced to five to match SUS. Alternatively, the modified 

NASA-TLX and SUS could be changed to nine-points to match SAM. 

Matching the scales would make it easier to compare the results and help participants 

complete the questionnaires more easily. 

Modified NASA-TLX 

A new workload factor was introduced to NASA-TLX and used in both the screen reading 

and driving simulator experiment. The new line asked people to rate the “auditory demand” 

of the task. The responses to the auditory demand had a high degree of variance in the 

screen reading study. The responses also did not correlate strongly with any other 

workload factor. Further research is necessary to understand if this is a true form of 

workload. 

The sixth question on the modified NASA-TLX related to performance should also be 

reversed in future studies. Participants expected the highest mark to indicate “perfect” 

performance and the lowest mark to indicate “failure.” The performance score can then be 

reversed during post-experiment data analysis to conform with the original design of the 

questionnaire and scoring. 

Self-Assessment Manikin 

SAM is a graphical questionnaire. Participants enjoyed looking at the illustrations used on 

SAM and the variety it added to the experiments. There was confusion though about how 

the pictures on SAM applied to software, especially the pictures that represented 
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dominance. SAM may not be well suited for evaluating software. More work is needed to 

adapt SAM to software evaluation. 

System Usability Scale 

SUS was used to evaluate the unimodal and multimodal software’s usability. Separating 

the content from the screen reading functionality was a common complaint in both the 

screen reading experiment and driving simulator experiment. When filling out the SUS, 

participants asked if they were rating the website or the voice system. 

During the driving simulator experiment, two participants also asked if they were supposed 

to be rating the self-driving car in SUS. They considered the car as part of the system. They 

were instructed to try to focus on the software used to browse the HCDI website on the 

side-mounted screen. 

Still, altering the questions on SUS may be necessary to better evaluate screen reading 

software. The SUS could be clarified by altering the questions to specifically point out the 

screen reading software is separate from the content it reads. The questions could be 

adjusted as follows when using a screen reader on a website: 

1. I think I would like to use this screen reader to browse the website 

2. I found the screen reader created unnecessary complexity when browsing the 

website 

3. I thought the screen reader made browsing the website easier 
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4. I think I would need the support of a technical person to be able to use the screen 

reader to browse the website 

5. I found the various functions in the screen reader were well integrated with the 

website 

6. I thought there was too much inconsistency in how the screen reader behaved on 

the website 

7. I imagine most people would learn very quickly to use the screen reader to browse 

the website 

8. I found the screen reader very awkward to use with the website 

9. I felt very confident using the screen reader to browse the website 

10. I needed to learn a lot before I could use the screen reader to browse the website 

Hardware Enhancements 

The backward button and play/pause buttons were rarely used by participants in the driving 

simulator experiment.  Based on this observation, another arrangement for the steering 

wheel buttons is proposed in Figure 11.1. 
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Figure 11.1. Final suggested steering wheel control layout where the forward and 

backward buttons are at the top of the steering wheel and the play/pause button is at the 

bottom. 

Duplicating the controls on both sides of the steering wheel do not appear to be necessary 

due to the low usage of the buttons. Functionality could also be combined on the buttons. 

For instance, holding one of the forward or backward buttons, or pressing the two buttons 

together could play or pause the screen reading. 

Software Enhancements 

The software created in this project needs to be further developed. Participants said they 

were afraid of missing content by using the skip buttons. The optimal amount of content to 

skip (i.e., words, sentences, or paragraphs) needs to be examined. Users could also be 
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given more control over how much information they want to skip. One button could skip a 

sentence and another button could skip a paragraph. 

Drivers in the driving simulation experiment expressed frustration as the screen reader 

appeared to jump around the page unpredictably. They could see the information they 

wanted on the screen but were unable to get to it because the order of the reading could not 

be predicted. 

Billings (2018) says automation should behave predictably and automation should keep 

humans informed of its intent. To help users understand the status of the screen reader, 

additional visualization should be introduced like shown in Figure 11.2. 

 

Figure 11.2. Example screenshot where the software indicates the next element that will be 

read is off the screen and below the content currently being read. 
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Perhaps instead of being a system integrated in web browser in a car, the software 

proposed in this research would be better integrated into virtual assistants on mobile 

devices.  

Based on the intelligent virtual assistant survey, the results indicate people prefer to receive 

information both visually and audibly. The survey suggested virtual assistants could be 

improved as 37% said Apple Siri, Google Now, or Cortana were extremely or very useful 

(the two highest possible scores). The majority (63%) of people found Siri, Now, or 

Cortana to be somewhat useful, not so useful, or not at all useful. The people who 

responded to the survey reported using virtual assistants most often while driving. 

Respondents also reported using virtual assistants most often to perform searches or ask 

questions. 

When a virtual assistant like Apple Siri, Google Assistant, or Amazon Alexa is unable to 

find an answer to a question, they will currently perform a web search and provide a list of 

web pages with possible answers. When a user selects one of the search results, the virtual 

assistant could switch into a screen reading mode where it reads the website using 

highlighting and reorders the content based on web analytics. 

Content Reordering 

The reordering of web content based on web analytics had mixed effects in the project. In 

the screen reading experiment, the content reordering reduced the test subjects reported 

workload. In the driving simulator experiment, the drivers disliked the reordering. A 

method for toggling between the standard order of the web page content and the order 
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based on web analytics may be needed. Users could choose when they want to use the 

reordered mode. 

Content reordering may also only be well suited for certain types of information or tasks. 

In the screen reader experiment, participants successfully completed the tasks at a better or 

the same rate on three out of six pages when the content was rearranged based on mouse 

movement data. The information on the web pages or the information seeking tasks may 

have enabled users to be more successful when the content was reordered. 

The optimal level of reordering also needs to be explored. In the software prototypes, every 

HTML element could potentially appear in a different order than on the original version of 

the web page. Headings at the bottom of the page could be read first based on the web 

analytics. A less aggressive form of content reordering may result in a better user 

experience. Figure 11.3 shows how content was grouped in the software prototypes. Figure 

11.3 also shows another, higher level method of grouping that could be used in future 

versions of the software. 



127 

 

 

Figure 11.3. The grouping of content used in the experiments (left) and a possible higher-

level grouping of content that could be used in future work (right). 

Perhaps headings should not be reordered. Only the content under each heading should be 

reordered like the paragraphs and lists within the section. Retaining the order of the 

headings would retain some of the web pages original structure and enable users to create a 

clearer mental model of the web page.  

The effect of content reordering on information comprehension and retention was also not 

measured during the screen reader or driving simulator experiments. Only the successful or 

unsuccessful completion of the tasks was noted. It is possible content reordering negatively 

impacts understanding and memory. Future research should assess the effect reordering 

web page information has on comprehension and retention during post-test examination. 

The software prototypes developed in this project were not aware of the user’s context. 

Context-aware applications can present information differently based on the current 

environment such as the user’s location (Brown, Bovey, & Chen, 1997). The content on 

web pages could be arranged differently based on the user’s location or other demographic 
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information if it was available to the application. For example, on the HCDI website, 

which was used in this project, users located near the Institute would likely be seeking 

different information than people who are in another country or state. The information on 

the web could be rearranged in a more optimal way based on the context. 
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Chapter 12  
Conclusion 

The National Highway Traffic Safety Administration (n.d.-b) predicts fully self-driving 

vehicles will not be available until the year 2025 or later. Until then, motor vehicle 

operators need to stay alert when driving. Multimodal interaction with screen reading and 

highlighting can help drivers of partially autonomous or semi-autonomous vehicles remain 

alert. 

People predominantly use visual interfaces when interacting with electronic devices which 

causes them to divert their visual attention from the road while driving. Screen reading 

software can reduce the amount of time drivers need to look at an electronic screen by 

audibly transmitting information and utilizing the driver’s additional sense, hearing. 

Screen reading software is readily available, but it is rarely used by anyone except people 

with disabilities (WebAIM, 2017). Screen reading software needs to be enhanced for 

drivers to use it. 

To improve screen reading software, an eye tracking study was performed on the Human-

Centered Design Institute (HCDI) website. It was determined that mouse cursor position 

and eye gaze correlated strongly on the HCDI website. Mouse position can be used a 

method for estimating visual importance. 

Mouse tracking data can then be used to optimize the order in which content is read on a 

website by screen readers. The content that is estimated to attract the most visual attention 
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can be read first making the screen reader operate more like a person visually scanning a 

website for the most pertinent information. 

The reordering of content was tested in isolation in a single-task experiment. It was found 

content reordered based on mouse movement reduced self-reported workload. However, 

the usability of the screen reading software decreased when content was not read in a linear 

order. Emotional response to content reordering was also measured via a questionnaire. 

People reported finding the software more pleasurable and more arousing, and they felt as 

if they were in control more when the content was reordered. 

Lastly, a multimodal prototype of the software was tested in a dual-task experiment in a 

driving simulator. Drivers with experience using self-driving cars were recruited to provide 

feedback about the system. They indicated they liked the highlighting of content on the 

screen but did not like the reordering of content. The drivers tested also glanced at the 

screen more often when content was highlighted. Although, the duration of each glance 

was shorter. 

Screen reading software that used web analytics to prioritize content and highlighted text 

as it was read aloud reduced the duration of glances when drivers browsed the HCDI 

website in a simulated self-driving car. It increased the number of times drivers switch 

their visual attention between the road and the website, however. Further work is needed to 

enhance and understand the software. With more refinement, browsing the web in a semi-

autonomous vehicle could be safer and easier with multimodal interaction. 
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Appendix A 

Scenarios 

Eye-Mouse Correlation Scenarios 

Courses Page 

You are a master's student at Florida Institute of Technology. You are interested in taking a 

class at the Human-Centered Design Institute. You contacted the Human-Centered Design 

Institute director and he recommended you take a class called Human-Centered 

Organization Design and Management. Find the syllabus for Human-Centered 

Organization Design and Management on the following web page. Click the link to 

download the syllabus when you have found it. 

News Page 

You are a master's student at Florida Institute of Technology. You heard the Human-

Centered Design Institute recently started a master's program in human-centered design. 

You are considering switching to this program. On the following web page, please find the 

news article about the new master's program. When you find the link to article, click the 

link to view it in more detail. 

Publications Page 

You are a master's student at Florida Institute of Technology. Dr. Alexander Lucas 

Stephane is a professor in the Human-Centered Design Institute. Tomorrow you have a 

meeting with Dr. Stephane about working for him as a research assistant. First, however, 
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you should review the articles published by Dr. Stephane. On the following web page, find 

Dr. Stephane's article about nuclear power plant control rooms. Click the link to download 

the article when you find it. 

Software Prototype Scenarios 

You are a master's student at Florida Institute of Technology… 

Courses Page 

You are interested in taking a class at the Human-Centered Design Institute. You contacted 

the Human-Centered Design Institute director and he recommended you take a class called 

Human-Centered Organization Design and Management. Find the syllabus for Human-

Centered Organization Design and Management on the following web page. Stop the 

screen reader if you hear a link to download the syllabus for Human-Centered Organization 

Design and Management. 

News Page 

You heard the Human-Centered Design Institute recently started a master's program in 

human-centered design. You are considering switching to this program. On the following 

web page, please find the news article about the new master's program. Stop the screen 

reader if you hear a link to the article about the new master’s program in human-centered 

design. 
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Organization Design and Management Page 

You want to sign up for the Organization Design and Management class at the Human-

Centered Design Institute. You want to know if this class requires doing a project. Stop the 

screen reader if you hear a project is required or not required in this class. 

People Page 

Dr. Alexander Lucas Stephane is a professor in human-centered design. Someone 

suggested you meet with Dr. Stephane as he works on a subject you are interested in. 

Before meeting with him, you want to learn more about him. Stop the screen reader if you 

hear a link to Dr. Stephane’s profile. 

Programs Page 

You were handed a promotional flyer on campus for a new master’s program in human-

centered design. You are interested in this program but misplaced the flyer. Find the flyer 

about the master’s program on the following web page. Stop the screen reader if you hear a 

link to download the flyer for the new master’s program. 

Publications Page 

Dr. Alexander Lucas Stephane is a professor in the Human-Centered Design Institute. 

Tomorrow you have a meeting with Dr. Stephane about working for him as a research 

assistant. First, however, you should review the articles published by Dr. Stephane. On the 

following web page, find Dr. Stephane's article about nuclear power plant control rooms. 

Stop the screen reader if you hear a link to Dr. Stephane’s article about nuclear power plant 

control rooms. 
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Appendix B 

Questionnaires 

Eye Tracking Questionnaire 

1. Are you at least 18-years of age of older? 

a. Yes, I am 18 or older 

b. No, I am under 18 

2. What is your gender? 

a. Female 

b. Male 

3. What is your age? 

a. 18 to 24 

b. 25 to 34 

c. 35 to 44 

d. 45 to 54 

e. 55 to 64 

f. 65 to 74 

g. 75 or older 

4. Have you ever visited the Human-Centered Design Institute website before? 

a. Yes 

b. No 

5. How familiar are you with the Human-Centered Design Institute website? 

a. Extremely familiar 

b. Very familiar 

c. Moderately familiar 

d. Slightly familiar 

e. Not at all familiar 

6. When browsing the web, what type of do you primarily use? 

a. A cellphone or tablet with a touch screen 

b. A laptop or desktop computer with a mouse and keyboard 

7. How confident are you in your ability to use a mouse and keyboard? 

a. Extremely confident 

b. Very confident 

c. Moderately confident 

d. Slightly confident 

e. Not at all confident 
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Intelligent Virtual Assistants Questionnaire 

1. Are you at least 18-years of age of older? 

a. Yes, I am 18 or older 

b. No, I am under 18 

2. What is your gender? 

a. Female 

b. Male 

3. What is your age? 

a. 18 to 24 

b. 25 to 34 

c. 35 to 44 

d. 45 to 54 

e. 55 to 64 

f. 65 to 74 

g. 75 or older 

4. Do you ever use Siri, Google Now, or Cortana? 

a. Yes 

b. No 

5. What is the primary reason you don’t use Siri, Google Now, or Cortana? 

a. My device doesn’t support them 

b. They don’t seem useful 

c. They seem difficult to use 

d. I don’t know what they do 

e. Other (please specific) 

6. Which intelligent virtual assistant have you used most often? 

a. Siri 

b. Google Now 

c. Cortana 

7. How often do you use [Siri/Google Now/Cortana]? 

a. Extremely often 

b. Very often 

c. Moderately often 

d. Slightly often 

e. Not at all often 

8. On which device do you use [Siri/Google Now/Cortana] most often? 

a. Phone 

b. Tablet 

c. Laptop or desktop computer 

d. Smartwatch or fitness band 
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9. Overall, how easy do you find it to use [Siri/Google Now/Cortana]? 

a. Extremely easy 

b. Very easy 

c. Somewhat easy 

d. Not so easy 

e. Not at all easy 

10. Overall, how useful do you find [Siri/Google Now/Cortana]? 

a. Extremely useful 

b. Very useful 

c. Somewhat useful 

d. Not so useful 

e. Not at all useful 

11. For which types of tasks do you typically use [Siri/Google Now/Cortana]? 

a. Dictating emails or text messages 

b. Scheduling appointments on a calendar, setting alarms/timers, or adding 

reminders 

c. Reading emails or text messages 

d. Performing searches or asking questions (e.g., “What’s the current 

weather?”) 

e. Making or receiving phone calls 

f. Start applications (e.g., “Launch Facebook”) 

g. Playing or controlling music 

h. Other (please specify) 

12. When do you typically use [Siri/Google Now/Cortana]? 

a. When driving 

b. When busy or in a hurry 

c. When tired of bored of typing 

d. When watching TV or videos 

e. When exercising 

f. Other (please specify) 

13. How do you typically control [Siri/Google Now/Cortana]? 

a. By typing 

b. By speaking 

14. How do you prefer to receive information from [Siri/Google Now/Cortana]? 

a. I prefer information be read to me (hear the information) 

b. I prefer information be shown to me (see the information) 

c. I prefer information be read and shown to me (see and hear the 

information) 

15. Do you ever use screen reading software like JAWS, NVDA, Windows Eyes, 

Windows Narrator, or VoiceOver on a PC or Mac? 

a. Yes 

b. No 

c. Not sure 
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Screen Reader Questionnaire 

1. Are you at least 18-years of age of older? 

a. Yes, I am 18 or older 

b. No, I am under 18 

2. What is your gender? 

a. Female 

b. Male 

3. What is your age? 

a. 18 to 24 

b. 25 to 34 

c. 35 to 44 

d. 45 to 54 

e. 55 to 64 

f. 65 to 74 

g. 75 or older 

4. What is you level of education have you completed? 

a. Did not graduate high school 

b. Graduated from high school 

c. Some college 

d. Graduated from college 

e. Some graduate school 

f. Completed graduate school 

5. Please rate your proficiency using the Internet. 

a. Beginner 

b. Intermediate 

c. Advanced 

6. Have you ever visited the Human-Centered Design Institute website? 

a. Yes 

b. No 

7. How familiar are you with the Human-Centered Design Institute website? 

a. Extremely familiar 

b. Very familiar 

c. Moderately familiar 

d. Slightly familiar 

e. Not at all familiar 

8. Do you ever use virtual assistants (e.g., Siri, Alexa, Google Assistant, Cortana, 

etc.)? 

a. Yes 

b. No 
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9. How often do you use virtual assistants? 

a. Extremely often 

b. Very often 

c. Moderately often 

d. Slightly often 

e. Not at all often 

10. Do you ever use text-to-speech functionality in programs (e.g., Read Aloud in 

Microsoft Word, Read Out Loud in Adobe Reader, etc.)? 

a. Yes 

b. No 

11. How often do you use text-to-speech functionality in programs? 

a. Extremely often 

b. Very often 

c. Moderately often 

d. Slightly often 

e. Not at all often 

12. Do you ever use screen reading software? 

a. Yes 

b. No 

13. How often do you use screen reading software? 

a. Extremely often 

b. Very often 

c. Moderately often 

d. Slightly often 

e. Not at all often 
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Modified NASA-TLX 
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Self-Assessment Manikin 
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System Usability Scale 

 

  



150 

 

Tesla Driver Questionnaire 

1. How often do you drive? 

a. Almost every day 

b. A few times a week 

c. A few times a month 

d. A few times a year 

e. Never 

2. When did you receive your first driver’s license (i.e., when were you first legally 

allowed to drive alone)? 

a. Less than a year ago 1 

b. 1 to 5 years ago 

c. 6 to 10 years ago 

d. 11 to 20 years ago 

e. More than 20 years ago 

3. Approximately how many miles do you drive per year? 

a. Less than 1,000 miles 

b. 1,000 to 5,000 miles 

c. 5,001 to 10,000 miles 

d. 10,001 to 20,000 miles 

e. More than 20,000 miles 

4. Have you ever driven a Tesla vehicle? 

a. Yes 

b. No 

5. Have you ever used the Autopilot feature in a Tesla vehicle? 

a. Yes 

b. No 

6. In which model Tesla’s do you have experience using the Autopilot feature? 

(Check all that apply) 

a. Model S 

b. Model X 

c. Model 3 

7. What year did you first use the Autopilot feature? 

___________ 

8. Approximately how many miles in total have you driven using the Autopilot 

feature? 

___________ 
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Brief Distracted Driving Questionnaire 

1. Do you use a cell phone while driving? (either handheld or hands-free) 

 

Yes        No 

 

2. What percent of the time do you talk on the phone while driving in city 

streets going a normal speed? 

 

Never       < 10%        11–25%        26–50%        51–74%        > 75% 

 

3. What percent of the time do you send text messages while driving in city 

streets going a normal speed? 

 

Never       < 10%        11–25%        26–50%        51–74%        > 75% 

 

4. While driving, what percent of the time do you use a GPS device? (e.g. 

TomTom, Garmin) 

 

Never       < 10%        11–25%        26–50%        51–74%        > 75% 

 

5. While driving, what percent of the time do you use a laptop or tablet?  

 

Never       < 10%        11–25%        26–50%        51–74%        > 75% 
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Appendix C 

Driving Simulator Results 

Brief Distracted Driving Questionnaire Results 

Question Driver 1  Driver 2 Driver 3 Driver 4 Driver 5 

1 Yes Yes Yes Yes Yes 

2 11–25% < 10% < 10% < 10% < 10% 

3 11–25% Never < 10% < 10% Never 

4 > 75% > 75% 11–25% 11–25% 26–50% 

5 Never Never < 10% Never Never 

 

Modified NASA-TLX Results 

Trial 1 

Workload factor Driver 1  Driver 2 Driver 3 Driver 4 Driver 5 

Mental demand 13 10 16 16 4 

Visual demand 13 3 5 17 1 

Auditory demand 10 12 18 20 5 

Physical demand 4 4 0 10 0 

Temporal demand 13 4 12 16 11 

Performance 8 10 13 14 6 

Effort 12 10 2 18 3 

Frustration 13 1 19 16 0 
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Trial 2 

Workload factor Driver 1 Driver 2 Driver 3 Driver 4 Driver 5 

Mental demand 11 12 15 15 3 

Visual demand 14 10 8 20 3 

Auditory demand 11 15 18 17 5 

Physical demand 6 4 1 4 1 

Temporal demand 12 10 1 10 5 

Performance 12 18 8 0 4 

Effort 11 10 5 12 1 

Frustration 12 12 15 4 1 

 

Self-Assessment Manikin Results 

Trial 1 

Emotion Driver 1 Driver 2 Driver 3 Driver 4 Driver 5 

Pleasure 5 1 5 6 2 

Arousal 6 5 3 3 5 

Dominance 4 9 3 2 7 

 

Trial 2 

Emotion Driver 1 Driver 2 Driver 3 Driver 4 Driver 5 

Pleasure 5 3 5 1 3 

Arousal 4 5 3 6 5 

Dominance 4 5 3 7 7 
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System Usability Scale Results 

Trial 1 

Statement Driver 1 Driver 2 Driver 3 Driver 4 Driver 5 

1 2 1 1 1 4 

2 3 2 5 5 1 

3 2 5 2 3 3 

4 1 1 1 1 3 

5 4 4 2 2 3 

6 4 1 1 1 2 

7 2 3 5 4 4 

8 4 1 3 4 2 

9 2 4 2 2 3 

10 2 1 1 1 2 

 

Trial 2 

Statement Driver 1 Driver 2 Driver 3 Driver 4 Driver 5 

1 2 1 1 1 3 

2 3 3 1 2 1 

3 3 3 1 4 4 

4 1 2 1 1 3 

5 3 3 5 3 2 

6 2 1 4 1 3 

7 2 3 5 4 4 

8 3 3 5 5 2 

9 2 2 2 2 3 

10 2 1 1 1 2 
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Appendix D 

IRB Approval Notices 

Eye-Mouse Correlation Test 
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Intelligent Virtual Assistant Survey 
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Screen Reader Experiment 
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Driving Simulator Experiment 

 


