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OVERVIEW  

My goal is to provide a less frustrating experience while interacting with a system or product. I 

have experience evaluating systems from a breadth of applications, spanning from farming 

equipment, to computer video card companion software. My strongest interests, however, are 

the fields of medical human factors and interface design. I have experience employing User-

Centered Design (UCD) in my projects, which you may explore below.  

Also included in this portfolio are two literature reviews: one reviewing the existing literature on 

methods and tools which facilitate communication between members of the healthcare team, 

and another examining the history and applications of heart rate monitoring devices in 

medicine and the field of human factors.  

Below is a table of contents with links to the project of interest. Each project will have a 

description of the overall project, with a link attached to the summary to view the original, full 

report. This document is formatted with bookmarks, allowing for efficient navigation and 

interaction. 

  

Alyssa T. Gaull 
   

Human Factors Psychology Portfolio 

University of Idaho 
Phone: (856) 759-2543 

Email: agaull@me.com 

Website: www.efficientdesign.net 

 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 2 

TABLE OF CONTENTS 

 

Overview and Summaries of Portfolio Projects: 

• Analysis and Redesign: Cub Cadet Zero Radius Riding Lawnmower                            3  

• Analysis and Redesign: NVIDIA GeForce Experience                                                      6 

• Website Evaluation: School Psychologist’s “Virtual Resource Room” 

(Extracurricular)                                                                                                                 10             

• Ergonomic Evaluation: Pitman Animal Hospital                                                             11 

• Research Paper: Voice-to-Text Usage Amongst Users of Different Age Groups        13 

• Literature Review: The History and Use of Heart Rate Monitors in Human Factors   16 

• Literature Review: Change Blindness and Inattentional Blindness: The Neural 

Substrate and Implications for Human Factors                                                              17 

 

Full Reports 

• Analysis and Redesign: Cub Cadet Zero Radius Riding Lawnmower                          21 

• Analysis and Redesign: NVIDIA GeForce Experience                                                    50 

• Website Evaluation: School Psychologist’s “Virtual Resource Room” 

(Extracurricular)                                                                                                                 92 

• Ergonomic Evaluation: Pitman Animal Hospital                                                           133 

• Research Paper: Voice-to-Text Usage Amongst Users of Different Age Groups      149 

• Literature Review: The History and Use of Heart Rate Monitors in                       

Human Factors                                                                                                                 184  

• Literature Review: Change Blindness and Inattentional Blindness: The Neural 

Substrate and Implications for Human Factors                                                            210  

 

  



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 3 

ANALYSIS AND REDESIGN: CUB CADET ZERO RADIUS 

LAWNMOWER 

 

Introduction: 

In this project, my group (Luke Sturgeon and Zhihao Zhao) and I redesigned a riding 

lawnmower used at Luke’s family’s farm, the Cub Cadet Zero Radius model. The mower is 

two-wheel drive, self-propelled by a gasoline engine, and utilizes a zero-turn radius steering 

system, allowing the mower to turn without the unit moving forward first. 

 

Front-End Analysis: 

We began the project by analyzing the controls and displays of the mower, as well as 

considered the anthropometry and ergonomics of its users (handle and steering wheel size, 

seat height and adjustability, accessible controls, cab size). We also did a small literature 

review of past articles on lawnmower safety. 

We then conducted a front end analysis, where we started brainstorming and coming up 

with a set of qualitative interview questions that we presented to Luke’s family in a focus group 

(when he went in person), asking about how the mower is used, special features, and any 

issues or concerns about the usage of the lawnmower. We then completed a task analysis 

where the members of the group walked us through how they start, run, shut down, and 

maintain the lawnmower. We also conducted an environmental analysis where we looked at 

the conditions the product was typically used in to inform our evaluation and redesign later. 

From the focus group we realized that they designed their garden around the mower’s width, 
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as well as told us that foliage and branches tend to catch the throttle of the machine, randomly 

slowing it down. Older users also reported fatigue after using it for more than one hour. 

 

Requirements: 

• Cuts grass evenly at varying heights 

• Comfortably ridden for 2+ hours 

• Adjusts to primary users’ dimensions 

• Provide easy means of maintenance 

• Allow meaningful monitoring of system 

• Intuitive use of controls (steering, stop, and go) 

• Haul yard trimmings up to 100 lbs 

• Safety features that prevent bodily and property harm 

First Phase of Prototyping: 

The second phase of the project involved the actual redesign of the mower. While the 

mower had strengths (control markings being embedded into the plastic, so that they can still 

be visible without wearing off, holes cut into flat surfaces of the machine to increase foot grip, 

preventing falls, easy-adjust blade deck design, and steering wheel adjustment), the mower 

also had many weaknesses, which were corrected in our final design. 

As we made changes to the 3-D model of the lawnmower, we used an iterative design 

process and showed his family and our cohort the results and asked for feedback. 

A major change to our design is that we changed the steering wheel into an intuitive 

zero-turn steering system using two handles/levers instead. The original way to activate zero 

turn steering using the steering wheel was unintuitive, so we redesigned the mower to have a 

forward/reverse function on each handle (moving the right handle forward would turn the body 

to the left), and holding a neutral position on the handles is the brake. These handles have 

adjusting knobs and levers for height and width adjustment. The grips on the handles were 

also designed with average grip span and hand length in mind, while the tilt and angles of the 

handles were redesigned with recommendations of handle tilt and rotation from a previous 

study conducted on commercial lawnmower handles. 

  

 Second Phase of Prototyping: 

In our second phase of iterative design, an issue of operator visibility arose where users 

could not see over the mower’s body. Our solution was to remove the bulkheads, controls, and 

displays, which occluded the visibility of all cutting edges, and moved them to more accessible 

places. For example, the gas level display was not optimal because it was out of the operator’s 
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visual field (both peripheral and foveal), so we replaced it with a series of three, operator-

facing, sawtooth shaped (to help mitigate dirt accumulation) lights at the footboard indicating 

fuel level. These lights change color depending on the gas remaining (green=full-1/2 capacity, 

yellow=1/2-1/4 capacity, red=less than 1/4 capacity). The PTO button and throttle were moved 

from a position under the seat on the floorboard to the side of the seat behind the steering 

handles to prevent awkward reaches or twists to make a non-emergency stop. This also 

prevents the problem of branches and foliage being driven over hitting the throttle 

unintentionally.  

 

There were also many miscellaneous changes to the mower, including changing the 

blade drive method to reduce the chance of fire on the blade deck and to reduce yearly 

bearing maintenance, changing the seat adjustment to be more easily reached, and adding a 

basic suspension system for increased operator comfort while running over smaller, deep 

holes. We also included a ballast under the seat to lower the center of gravity to prevent 

tipping and increased the motor size to have more towing capacity. 

 

 

LINK TO FULL REPORT  
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ANALYSIS AND REDESIGN: NVIDIA GEFORCE 

EXPERIENCE  
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Overview: 

This was a project from HCI Spring 2019, where I evaluated and redesigned a program 

used for downloading drivers and tweaking graphics settings for Windows PC video cards. 

This program also contains features such as desktop streaming, capturing video, downloading 

drivers, and This piece is important as a human factors student because this project goes 

through the entire design cycle. 

 

Problems with the Current Design: 

There were two main problems with the GeForce Experience’s current (at the time of 

writing) design.  

One was that after an update, users could no longer use the program without logging in 

with an online account first, blocking access to graphics optimization and driver tweaks when 

not connected to the internet, or when Nvidia’s servers are unavailable. This was an update 

which upset many users (which I confirmed through a qualitative interview of users).  

The second main problem was that the Nvidia control panel, used as a program to 

modify the hardware settings of your video card, was tied to GeForce experience in the system 

tray, but was its own separate program. Because tweaking graphics card settings for games 

was already part of GeForce experience, I found that it would be best to integrate Nvidia 

Control Panel with GeForce Experience to have a more cohesive and less redundant program 

package. 

 

Front-End Analysis: 

I began the project by first performing a front-end analysis, where I identified the target 

users (PC gamers), conducted an informal qualitative survey identifying current issues with the 

software through reddit’s r/NVIDIA message board and from friends who use the program. I 

also created three personas and three scenarios which brought the personas to life. The front-

end analysis served to assist me in the process of gathering requirements and in creating my 

prototypes.  
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Requirements: 

• Option of creating a local account for users, which removes the mandatory online 

login to use features such as desktop capture, streaming, using automatic 

graphics optimization, and downloading and installing drivers 

• Making the settings easier to find in general 

• The ability to change the settings of the “share (streaming)” desktop overlay, 

without having to first launch the overlay itself 

• Clearly show if the games installed on the current PC can be optimized on the 

“HOME” tab of the program (it was not salient enough) 

• Make games you mark as a favorite easier to access, instead of having to 

navigate through the favorites filter to access these games,  

• Move the program NVIDIA Control Panel into NVIDIA GeForce experience. 

 

Prototypes: 

The resulting prototypes were a mixture of low and high fidelity. While designing for the 

main problem of currently requiring an online account to access the program, my proposed 

redesign is simple: adding a “skip” option on the login screen gives users the option to use a 

local account instead, giving the users with privacy concerns or those who do not like the idea 

of an always online program an alternative method of accessing the program. The online 

account option is also still an option. 

 

Redesign of the HOME Tab:  

As for the redesign of the HOME tab of the program, there were issues users addressed 

involving the saliency of alerts telling you that your current graphics settings for a given game 

are not optimal. The way the HOME tab is laid out is there are multiple rectangles consisting of 

the game’s name and cover art in a tile format. These represent all the games currently 

installed on the hard drive. Before, there was only a small, grey circle with a line through it on 

the top left corner of the game’s cover art if the game was unoptimized. Now, I replaced this 

circle with a red exclamation point, while making a green checkmark in the top left corner of 

the game’s cover art if the game is optimized for your system. 
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Redesign of Accessing Favorites: 

I also did a small redesign of accessing favorite games. Before, all of your favorite 

games can be filtered out from the main tiled list of your currently installed games by a few 

clicks, but I made a small tweak and simply put the games marked favorites in their own 

section first, before the rest of the main tiles.  

 

Redesign of the SETTINGS Menu: 

Another element I redesigned was that the settings for the desktop overlay was located 

in the overlay itself, while settings for other parts of the program were in its own section under 

your user account. I solved this issue by moving all of the settings into its own tab called 

“SETTINGS”, including a sub-tab for the Control Panel program, also remedying the other 

main issue with GeForce Experience, which was the disjointedness of having another program 

just for driver level tweaks, when it can have its own section in GeForce Experience. 

I also demonstrated how I changed the outdated look of the NVIDIA Control Panel so 

that it fit seamlessly into GeForce experience, without overloading the user’s cognitive limits. 

 

Evaluation: 

I evaluated my prototypes by utilizing the ten usability principles in Nielsen and Molich’s 

work: having a simple and natural dialog, speaking the user’s language, minimizing the user’s 

memory load, consistency, feedback, clearly marked exits, aesthetics and minimalist design, 

good error messages, preventing errors, and help/documentation. I also completed a task 

analysis comparing the amount of time it took for someone to access a favorite game using the 

program before, and how long it took after my redesign. 

 

 

LINK TO FULL REPORT 
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WEBSITE EVALUATION: SCHOOL PSYCHOLOGIST’S 

“VIRTUAL RESOURCE ROOM” (EXTRACURRICULAR) 

 

 

When the COVID-19 pandemic arrived in the United States of America, education 
shifted from a primarily in-person experience, to a fully remote experience. Educators are 
concerned with how virtual schooling can be effective while missing critical, in-person 
interactions. One popular solution to this issue is creating virtual classrooms using Google 
Classroom or Microsoft PowerPoint, providing an interactive environment for students to 
explore, much like a real-world classroom or office space (Fuentes & Grimes, 2020). These 
virtual environments provide a familiar metaphor for students to explore and interact with 
elements in the virtual classroom, with engaging graphics and resources to supplement the 
online curriculum.  

However, there are criticisms of using virtual classrooms, including accessibility and 
usability issues, which make the transmission of curriculum-related information difficult. These 
issues are theorized to arise because teachers, who are not necessarily usability or design 
experts, are required to create these virtual classrooms without guidance or training, 
introducing issues into the final design due to a lack of knowledge of interaction design.  

I examine some strengths and weaknesses of the virtual classrooms being employed in 
school districts across the country through the evaluation of a client’s own virtual room, called 
a “resource room”.  The evaluation also includes background research on multiple virtual 
rooms used within and outside the client’s school district, with a synthesis of examples of good 
and bad design. The evaluation also includes design suggestions for future iterations of the 
virtual resource room. 

 

 

LINK TO FULL REPORT 
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ERGONOMIC EVALUATION: PITMAN ANIMAL 

HOSPITAL 

 

 

In this project, I visited my local veterinarian’s office to conduct a three-part ergonomic 

evaluation, each on a significantly different physical task.  

 

First Task Evaluation: Surgery with Dr. Joshua Erde 

In the first section of my project, I completed an ergonomic evaluation of one of the 

attending veterinarians (Dr. Erde) performing a surgery. I analyzed his posturing and work 

height and used this information, along with basic anthropometrical data (age, sex, height, 

weight) and used 3DSSPP to model the amount of unnecessary forces generated during this 

position. I also completed a few ergonomic risk assessment surveys, which include the 

Ergonomic Risk Analysis Checklist, the Ergonomic Hazard Identification Checklist, Workstation 

Checklist, Task Analysis Checklist, and the Hand Tool Analysis Checklist. During the various 

analyses, I found that the veterinarian handled tools that were too small for his large hands, as 

well as performed actions which employed repetitive, excessive rotation of the wrists. In 

addition, during the surgery, although the surgical table is allowed to be adjusted for height, he 

kept it at a position lower than his elbow, where it is recommended to be at or higher than 

elbow height for a surgery such as this (depending on the intricacy of the work). In addition, his 

neck was flexed in an extreme position, which can cause musculoskeletal injury if held for a 

long period of time.  
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I recommended to keep the table adjusted for the proper height, to utilize the fatigue 

mats (because he complained of ankle strain), and to use the loupes (that were in his office) to 

prevent musculoskeletal injury related to prolonged neck flexion. 

 

Second Task Evaluation: Lifting Animals with Mary (Veterinarian Technician) 

In the second section of my project, I ergonomically evaluated a simple lifting task, 

where a veterinarian technician was observed picking up a 45-pound dog. While conducting 

the analysis, I also utilized a Materials Handling checklist, an Ergonomic Hazard Identification 

checklist, and a Risk Analysis Checklist. I found that Mary (the vet tech) used improper form 

while lifting the dog—her knees were out of alignment and her back was not straight during the 

lifting action. She also experiences a lot of stress related to the noisy environment where she 

works, as well as fatigue and back pain from lifting loads.  

I recommended that she asks for help with loads over 40lbs or loads where she 

believes she cannot handle herself (muzzled, high energy larger dogs). 

 

Third Task Evaluation: Retrieving Files with Sharie (Client Service Representative) 

The third section was performing an ergonomic evaluation on one of the client service 

representatives, Sharie. I performed an analysis of her often-performed task where she must 

slide a giant movable file rack across its tracks to retrieve files behind it. Sharie complained of 

back pain and arthritis, so I felt that it was important to analyze her movement. As a result, I 

found intense twisting at the hip while moving the file rack and inputted this positioning data 

(along with her anthropometric data) into 3DSSPP. The results showed a significant 

weakening of the hip, wrist, shoulder, and torso while performing that action.  

I recommended that instead of twisting at the waist, she can keep the file cabinet rack 

close to her body (obviously not while pushing) and push and pull the rack in a 

backward/forward direction relative to her body instead. 

 

Follow up: 

The evaluation concludes with a follow up, where everything seemed to improve, and 

my recommendations were followed. I still am in communication with the members of the 

hospital and still take my dogs there for care. 

 

LINK TO FULL REPORT  
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RESEARCH PAPER: VOICE-TO-TEXT USAGE 

AMONGST USERS OF DIFFERENT AGE GROUPS 

 
This research paper looked at the use of the voice to text function of phones in the 

context of age, against manual text entry. There were three hypotheses that were formed: one, 

that manual text entry times are slower than the entry times for voice-to-text, two, that manual 

text entry would be faster in younger users than for older users, and three, that text entry using 

abbreviations (like lol, omg, ttyl) will speed up manual text entry, but will not show a similar 

benefit for voice-to-text entry. 

 

Experiment One: Qualitative Interview 

 

There were three sub-experiments outlined in this paper. The first experiment involved 

administering a qualitative interview to participants. This interview asks about the participants’ 

age, if they used voice-to-text (V2T), how they discovered V2T, which devices the participants 

possess which has the capability for V2T, if there are situations where V2T is helpful or not 

appropriate, and questions about the environmental factors while they use V2T (if applicable). 

The qualitative interview revealed that users have concerns for privacy and believe that V2T 

was inaccurate at transcribing their speech. 
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Experiment Two: Qualitative Survey 

 

The second experiment employed a qualitative survey to participants, which asked 

about items such as their age, their native language (including a self-assessment of their 

English ability), and their beliefs about cell phone usage. This survey gets into more detail 

about the participants’ usage of V2T, including a self-assessment of their manual typing and 

V2T speeds. This survey revealed information about the texting styles of participants who are 

younger verses participants who are older. Older participants reported their manual texting 

speeds as slow, while also describing their typing style as using a single index finger for 

manual text input. This part of the study also confirmed that a majority of users who use V2T 

do so through their cell phone.  

 

Experiment Three: Experimental Study 

 

The third experiment was the main method of exploring our research questions more 

quantifiably (compared to the more qualitative interview and survey portion), which focused on 

age as an important construct involved in the speed of both manual and V2T text entry. The 37 

participants of this study were divided into two experimental groups: participants over 31 years 

of age were classified as “old”, while participants under the age of 31 were assigned to the 

experimental group “young”. Participants were instructed to input six different text messages, 

where three of these sentences invite the participant to use abbreviations, while the other three 

do not. The experimental study was comprised of 12 trials: six of the trials involved the 

participants manually inputting the provided text messages into their phones, while the last six 

trials involved the participants using voice-to-text entry on their phones to copy the messages. 

The participants were instructed that using abbreviations in their text messages are permitted, 

if this results in the same reading and punctuation of the original message. The participants 

were timed using a stopwatch and their resulting text messages were scored for errors.  

 

Results/Discussion: 

 

A 2x2x2 MANOVA was performed for this study, with the within-subjects factors being 

the text input method/texting mode(V2T vs. manual) and the message type “abbrevationality”, 

(invites abbreviations vs. does not invite abbreviations), against the between-subjects factor of 

age group (young vs. old participants). 
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The statistical results of the experimental study confirmed all three initial hypotheses. 

The main effects for both texting mode and abbrevability were found to be statistically 

significant, moreover, the interaction between text mode and age category was also found to 

have clear, statistical significance. The results of the first MANOVA confirms our first 

hypothesis that voice-to-text entry is faster than manual text entry. 

 

Additionally, the interaction effect between age and texting time and mode also 

confirmed our hypothesis that younger people enter text more quickly than older people. Voice 

to text texting speed also differed, with mean text entry times being lower for younger 

participants, compared to old participants, however the amount of variability between the 

groups was remarkably smaller between them, compared to the manual text entry condition. 

The statistical results also showed lower mean texting times for typing messages using 

abbreviations through manual text entry, with no statistically significant difference in texting 

time for voice-to-text entry while using abbreviations.  

 

 

LINK TO FULL REPORT 
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LITERATURE REVIEW: THE HISTORY AND USE OF 

HEART RATE MONITORS IN HUMAN FACTORS 

 

This piece is a substantial review of literature concerning the history and development 

of the heart rate monitor (HRM), starting from the beginning of recorded history, to recent 

history.  

The next section defines some design considerations for a heart rate monitor, using 

principles learned from my human factors classes. Portability, considering the users who will 

interact with the device, keeping mind of the physical environment the device operates in, and 

design considerations for the controls and displays are discussed. 

 

The use of HRMs in the field of human factors is also explored. I discuss the HRM’s 

instrumentation in measuring a user’s mental workload. I clarify measures typically used in 

tangent with the HRM data, such as the NASA-TLX, and go into detail about heart rate 

variability-- what it is, how it is calculated, and what the value indicates. I also describe in detail 

the spectral analysis of the analog signals received from the HRM. How HRMs are used to 

measure the user’s physical effort on a task are also illuminated in the document. Additionally, 

I discuss the heart rate monitor’s utility in measuring a user’s affect in the context of human-

computer interaction. 

 

I also briefly speculate about the future developments for HRMs and their future utility in 

the field of human factors, concluding the literature review. 

 

 

LINK TO FULL REPORT  
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LITERATURE REVIEW: CHANGE BLINDNESS AND 

INATTENTIONAL BLINDNESS: THE NEURAL 

SUBSTRATE AND IMPLICATIONS FOR HUMAN 

FACTORS 

 

 

 

Change blindness is the phenomenon where humans are inept at detecting changes in 

stimuli when the change signal is masked or otherwise hidden from view. Inattentional 

blindness is the failure to detect objects or events that are unexpected while your attention is 

engaged in other aspects of a given task. 

The causes of both phenomena are also discussed, including Simons’ five different 

explanations for change blindness and Mack and Rock’s two classifications of inattentional 

blindness. The neural substrate for the existence of the altered percepts in change and 

inattentional blindness are discussed, with an emphasis on the frontal lobes of the brain and 

the executive control of attention.  

The implications of both change blindness and inattentional blindness in the field of 

human factors are examined, including applications in transportation and safety, medicine, 

military, and interface design. Finally, I envision the future study of change blindness and 

inattentional blindness in a cognitive neuroscience context. 

 

LINK TO FULL REPORT 
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FULL REPORTS 

 

This section begins the full reports for each portfolio piece. For readability, navigation tabs are 

enabled for this PDF document to skip to the desired report. 
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Phase one: Establishing Requirements  

 

The Cub Cadet Zero Radius is a commercially available, gas-powered two-wheel drive riding lawn mower. In 

this context, the riding lawnmower is used on a family farm.  
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ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 24 

 

 

These slides represent how relevant the application of human factors principles is to this product. Controls 

and displays, user anthropometry, ergonomics, and work physiology relevant to the lawnmower are 

discussed.  
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Literature review: 

 

After the relevancy of human factors to the product was established, I completed a small literature review to 

discover important considerations for the redesign of the lawnmower. First, an article by Lee et al. (2006) 

stressed the importance of safety, especially during the operation of riding lawnmowers by children (under 

18 years of age). While we cannot bar children from interacting with the product, making the product safer 

for operators of all ages is important to prevent severe injury in the case of operator error. The authors of the 

articles recommend improving forward and backward operator visibility to attenuate situations involving 

running over or backing over people. Furthermore, the authors recommend disabling the reverse feature 

while the blade is activated (but not for normal locomotion).  
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The second piece contained in my miniature literature review is a study conducted by Lowndes, Heald, and 

Hallbeck (2015) investigating the most ergonomic handle and grip positioning for commercial riding 

lawnmowers. This article is very relevant to our redesign, which will use handles instead of a steering wheel. 

An initial subjective comfort study was conducted, creating a model of handle tilt and rotation that was 

compared against a control condition, and a vertical and pistol grip-style handles. The study found that hand 

forces were ten percent less in the vertical and pistol grip-style handles, compared to the control and model 

created from the subjective comfort study.   

 

The study recommended a handle tilt between 33 and 34 degrees, and handle rotations between 12 and 37 

degrees. This allows the operator to move their elbows to adjust their wrist for a neutral wrist position.  
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Front-end Analysis: 

 

 

A front-end user analysis was conducted to establish requirements and to inform our future redesign. The 

focus was placed on primary users, rather than the entire market at once. Note that two of the primary users 

are under the age of 18. 
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The operating environment was analyzed, highlighting how different weather conditions throughout the year 

may impact product performance. Rain may cause a higher incidence of slips due to the decreased co-

efficient of friction, as well as rusting of metal parts. High amounts of dust obscures objects in the instrument 

panels, making system states difficult to see. Because the lawnmower is operated, stored, and maintained 

outside, the product must be able to withstand high and low temperatures. 
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Task Analysis: 

The primary users walked through how they start, run, shut down, and maintain the lawnmower. These 

steps are outlined in the functional task analysis. The users were also asked to say out loud why they did 

what they did (“think-aloud” protocol). The primary users identified the hierarchical structure of functions and 

the tasks that comprise them. The resulting task analyses generalized all four user’s responses. 
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This slide contains important issues observed during the task of cutting grass that will assist us in designing 

alternatives. 
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An important point is that there is a complete water cleaning system for clearing dirt and clippings, but the 

users prefer to use a screwdriver to dislodge debris instead. 
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After the functional task analysis was completed, we then conducted an informal focus group, again, to 

assist us in identifying issues while interacting with the lawnmower and establish requirements that will aid in 

our eventual redesign. 
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An important finding from the focus group is that the size of the lawnmower was so wide that the focus group 

explained that they had to redesign their flower garden around the lawnmower. This is an access issue. 

Additionally, the throttle placement is sub-optimal, due to foliage hitting the throttle lever, unintentionally 

slowing down the mower. The focus group also reported soreness one hour into operating the lawnmower 

for older users, perhaps due to the control configuration, seat design, and vibration from the machinery. 

 

Requirements: 

• Cuts grass evenly at varying heights 

• Comfortably ridden for 2+ hours 

• Adjusts to primary users’ dimensions 

• Provide easy means of maintenance 

• Allow meaningful monitoring of system 

• Intuitive use of controls (steering, stop, and go) 

• Haul yard trimmings up to 100 lbs 

• Safety features that prevent bodily and property harm 
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What we enjoyed about the original design of the lawnmower was there was evidence of consideration of 

the operating environment and anthropometry of users. The steering wheel can be adjusted, and the seat 

was wide enough to accommodate a variety of body sizes. Additionally, there were grips present in high use 

areas, which would help prevent slips in wet or exceptionally dusty conditions.  

  



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 36 

 

Major weaknesses of the original design are focused on the controls of the lawnmower. Some controls, like 

the PTO button (used for turning on power to the blades) are difficult to reach in an emergency, creating 

implications for safety. Making the PTO button larger and closer to the operator’s seat also reduces operator 

movement time because in accordance to Fitts’ Law, both the amplitude (distance) between the operator’s 

hand and the target button is reduced, as well as the width of the button is increased, decreasing the overall 

movement time in an emergency.  

The forward and backward pedals being located too close to each other may cause unintentional operation 

while the user is wearing large shoes or boots.  

A major limitation of the lawnmowers display is that the display is located behind the user, making it 

impossible for the user to understand system states such as fuel indication without physically dismounting 

the machine.  

Making the seat adjustable will be able to accommodate a wider range of users’ body sizes, increasing the 

overall comfort and decreasing back and thigh forces if the seat is too high or too low. 
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The results from the focus group and task analysis showed that the zero-turn radius function heavily 

advertised in the lawnmower is rarely used due to the steering wheel mechanism, which we feel is less 

intuitive than using handles to control forward/brake/reverse movements and turning. To activate the zero-

turn function, the user must turn the steering wheel multiple times—all the way to the left or right. Handles 

would allow a faster implementation of this function because the operator would only need to push or pull a 

handle in one direction. Additionally, the original throttle and shroud design invites foliage to become lodged 

or hit parts of the machine critical for operation, creating safety and user experience issues (like frustration 

due to the lawnmower slowing down due to a branch holding down the lever, or confusion as to why the 

machine is not operating as intended). Another limitation is user comfort. The focus group told our team that 

older users typically experience fatigue an hour after using the lawnmower, necessitating a better 

suspension system and adjustable seats to reduces forces and vibration on the operator. 
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Phase Two: Redesign

 

This slide is an overview of the changes we made to the original lawnmower design. Note our lawnmower 

has a shorter length (but similar width) to the original design, allowing the user to better maneuver through 

smaller areas (like a garden or small shrubs) than if the entire machine was longer. Our team also replaced 

the steering wheel and acceleration/brake pedal with a handle system. This is to resolve issues with the 

discoverability of the zero-radius turn function and to resolve the issue of accidentally pressing the wrong 

pedal while wearing boots due to the close proximity of the two pedals in the original design. Each change 

will be described in detail. Special thanks to Luke Sturgeon for creating the 3D computer models in Onshape 

to help make our changes come to life in higher fidelity! 
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Instead of having acceleration/brake pedals, we reassigned the pedals to start the machine, have an 

emergency shut off at the operator’s foot, and to have a pedal to adjust the blade deck. Our reasoning for 

the foot pedals (1 and 2) having disparate operations is so that accidental activation will train users out of 

making those mistakes. Once the foot controls are learned, there is no issue. 

 

This design is also congruent with the proximity compatibility principle, which states that mentally separated 

tasks should be located far apart. The controls involving power to the motor are separated from controls 

regarding adjusting the blade deck. 
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Our redesign of the display moved it from behind the user’s seat to at the user’s feet. The focus group in our 

front-end analysis revealed that the gas level, oil temperature, and the state of the blades were the most 

important to monitor during operation. Instead of an LCD display, which can be affected by the extreme 

environments the mower is used and stored in, we opted for a simple, three light display: one light indicating 

gas level, one indicating the oil temperature, and one light indicating the blade status. These lights stay 

green if the system is operating at optimal condition, and changes from green to yellow if there is a mild 

warning (but not a critical condition) like if the gas tank is ¼ full, or the oil temperature is beginning to heat 

up or cool down outside of normal range. The display’s location in the periphery allows the operator to sense 

system changes/ alerts through movement and color changes. A central location for the display may take 

attention away from the forward view. 

 

The motion produced by the change of color is still ascertained by the operator in their peripheral vision, 

communicating changes in system status to the operator, again, without them having to look down to watch 

for a change. The design of the light is not in a square or circle but is instead shaped in a sawtooth fashion 

to help prevent dirt and dust accumulation on the light. 

 

Another reason why we used the light display in our redesign is because this externalizes the information 

necessary for the operation of the machine. There is less cognitive loading on the operator’s memory, so the 

operator does not assume or keep in memory how much gas remains, but instead sees that information in 

the light display, offloading that information from memory.  The light display also does not violate absolute 

judgement limits for color usage, as the display only uses 3 hues. The integrated display maps color codes 

to the operator’s representation of the gas level. 
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An important safety consideration stressed by the literature review articles is operator visibility. Not only is 

poor visibility destructive to property that the user did not intend to run over, but there is also a risk of 

running over an animal or human. Therefore, we removed most of the bulkheads and controls that obscured 

visibility in front of the machine.  

Greater visibility also increases the operator’s situational awareness (SA). Operators can view more 

incoming stimuli from the environment critical for forming level 3 SA (prediction of what will happen next). 

With an improved view, operators can see that animal moving across their visual field or understand that 

they will make contact with the wall if they continue in that direction.   
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The task analysis revealed a discoverability issue involving the zero-turn radius capability of the lawnmower. 

Because of the steering wheel design, the operator must turn the wheel all the way to the left or right to 

activate the function. The large amount of effort to activate the feature left it unused. Inspired by other riding 

lawnmowers and work-assist personal vehicles used in warehouses to transport product, we redesigned the 

steering system to use intuitive handles instead.  

 

The handles, in a neutral position serve as a brake, while pulling back on the handles reverses the machine. 

Depending on which handle is controlled, the machine turns in that direction. For example, moving the right 

handle forward while keeping the left handle neutral executes a zero-radius left turn. Moving both handles 

slightly forward accelerates the machine. Moving the right handle forward while also keeping the left handle 

slightly forward makes a normal left turn. There is tactile feedback when the handles reach the neutral 

position, the acceleration position, and the reverse position, so operators know they have activated a 

steering state.  

 

There are also adjustment knobs for handle heights and width for easy boarding and adjustment for a variety 

of users. 

 

Additionally, the seat and foot pedals can be adjusted to fit 95% of average users comfortably. 
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The placement of the PTO affects mounting and dismounting the machine at the cost of greater access to 

the switch in an emergency. 

PTO and throttle switch are intentionally redesigned to make it more difficult for the user to operate the 

lawnmower at full throttle. Because of the importance of the throttle and PTO switch to safety (of both the 

motor and the blade deck), we redesigned them to violate movement compatibility, requiring training for new 

users as a safety measure. 
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As part of our iterative design process, we drafted and presented a few different handle designs to those in 

our school’s graduate lounge (a focus group).  

Understanding the importance of grip span and hand size from our literature review, we concluded that the 

optimal handle diameter for even the most extreme users is 26.9mm and 40.9mm. The focus group was 

most interested in the screw-type handle, as opposed to the cone handles, but still rejected the design as 

too complicated. In the screw-type handles, a screw is tightened or loosened to widen or narrow the grip, 

providing additional adjustment for different users.  

The focus group considered cone handles with grooves for sure grasping the most promising of the handle 

redesigns we came up with. 
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During the requirements gathering stage of our design process, we learned that a previous study (Loundes, 

Heald, & Hallbeck, 2015) suggested that lawnmower handles should have a rotation of 12-37 degrees and a 

handle tilt of 33-34 degrees. We incorporated this data into our intuitive zero radius turn design, taking the 

middle values of those intervals (handle rotation= 26 degrees, handle tilt=34 degrees).  
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In addition to redesigning the lawnmower, we also redesigned the blade deck cleaning system after learning 

from the focus group that they forgo using the system in favor of clearing debris with screwdrivers. The 

involvement of human factors considerations in the system’s lifecycle does not end with implementation of 

the system, therefore, designing for the maintenance of the system is important as well. 

The blade deck cleaning system is a modification to the mower’s storage shed, which is usually parked on 

top of gravel for the primary users surveyed during the focus group. The operator simply parks the machine 

overtop of the cleaning system and steps on a foot pedal to activate the water. Pressurized tips blast any 

debris trapped under the machine, draining the excess water through the gravel. Because maintaining the 

machine is an important part of the user’s interaction with the machine (poor maintenance=poor user 

experience and unintended operation), large, salient labels are on the blade deck cleaning system to remind 

users to clean the lawnmower regularly. 
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Some miscellaneous changes to the lawnmowers design. We added a cowling (covering) to the blade deck 

to prevent debris from getting caught in the blade drive and becoming a fire hazard. Additionally, we moved 

the seat adjustment for easier operator access. In the focus group, issues with the mower tipping was 

uncovered, necessitating a ballast underneath the seat to lower the machine’s center of gravity. As the 

lawnmower is used to transport clippings and other foliage, we increased the motor size to increase towing 

capacity. 
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The final point in our redesign is how we increased the operator’s situational awareness through our 

redesign. According to Endsley (1995), situational awareness is, “the perception of elements in the 

environment spatially and temporally, what those elements mean, and a prediction of how those elements 

will change in the future. Our redesigned placed emphasis on increasing operator visibility, increasing 

situational awareness. The users are able to perceive more critical elements in the environment that would 

otherwise be obscured in the original design, allowing the users to comprehend those element’s meaning 

and predict where those elements will be in the future. The users would be able to see the garden hose 

stretched out onto the ground and have time to maneuver around it. 

 

 

 

 

End of report. 
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NVIDIA GeForce Experience Redesign and Evaluation 

 

Figure 1. NVIDIA Control Panel (left) and GeForce Experience as it is now (right, version 3.15, released in 

October 2019). In the bottom right, the system tray shows that both programs are tied to a single program 

icon. 

 

I have had about a decade of experience using NVIDIA GPUs (graphical processing units, the piece 

of hardware in your computer responsible for outputting graphics to your monitor) in my computers, and 

nothing is more overtly frustrating than using NVIDIA’s GeForce Experience companion application for 

Microsoft Windows. The GeForce Experience application is required for automatically updating your 

graphics card to the latest set of drivers, affording the user increased stability and performance (see Figure 

1). It also lets you automate graphics optimization for many different games you own, as well as let you set 

parameters for screen recording and sharing that footage with yourself or others. The one-click optimization 

of graphics is useful, because users do not have to guess which settings to use for their current PC, or rely 

on game manufacturer’s recommendations as well, because they tend to be inaccurate. This way, the user 

knows that their games look the best. 
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Two major problems that I will focus on are: one, the need for a NVIDIA account to use the app, and 

two, the lack of integration between the NVIDIA control panel and the GeForce Experience app. In late 

2016, the GeForce Experience app requires users to create an account just to use it, creating problems for 

those who are concerned about privacy. Before, you were able to use it freely without an account, allowing 

the automatic optimization of gaming performance, updating drivers, and managing the screen recording 

feature called ShadowPlay. The NVIDIA Control Panel is a separate app that is tied to the same tray 

notification icon yet lacks any resemblance or integration into GeForce Experience. How can it truly be a 

good “experience” if all the elements involving maintaining your NVIDIA GPU are so disjointed and 

inconsistent? Having everything in one place best works if it is organized properly, so this redesign will focus 

on this requirement. 

The solution I have for the first main problem, the need for having an online account, can be solved 

by having the option of a local account tied to GeForce Experience, bypassing security and usability issues 

that users face. You cannot continue into the application past the welcome screen because a NVIDIA 

account must be logged in first. If there are server issues, you cannot use the application whatsoever, so 

adding a local account with the option of having an online account will help mitigate these problems. Every 

aspect of this application must be reachable even without an internet connection or connection to NVIDIA 

servers. Telemetry can still be collected through a local account, but it will not be tied to any one user; I think 

this move is more user-centered than the business-centered approach of collecting data through accounts 

using real names just to use features promised to users on the box. 

A solution to the second main problem with GeForce Experience is to integrate the NVIDIA Control 

Panel into GeForce Experience, updating the design of Control Panel to look like the GeForce Experience 

UI. Going through the settings available on the Control Panel app, I do not see why it cannot be moved into 

its own section of setting in the GeForce Experience app. I will also add another tab next to drivers called 

“CONTROL”, keeping with the theme of the other two tabs currently present on the application, “HOME and 

DRIVERS”. As per user data I have gathered, I will also redesign optimization tab, as it fails to show if 

graphics optimizations are available to the user, or if smaller changes to setting can be made for 

optimization. In the current iteration, you must click on each game manually to see if there are optimizations. 
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There is no visual information telling the user that the game is already optimized; it just shows that there are 

optimizations required. I will also address readability issues with the games requiring optimizations, as they 

do not stand out from the games that are optimized. 

Another aim of this redesign is to have better integration of the settings, so care will be put into how 

to organize them. This design must enable the user to access settings efficiently, without frustrating them. 

Settings for the screen recording function in the in-game overlay are located in a place that is not the 

settings button on the application, but in the “share” icon you click (see Figure 2). The inconsistent location 

for in-game overlay settings makes it difficult for the user to remember where certain settings are for, 

because there are settings scattered over different places within the application. For example, account 

settings are located when you click your account picture, and when you click the “gear” settings icon. The 

settings for the in-game overlay used for streaming content and recording your desktop are located through 

launching the full screen overlay itself. Clicking the settings option for the overlay in the actual settings page 

will simply launch the overlay; the user must then navigate to the settings option in the overlay to make 

changes. 
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Figure 2. The in-game overlay. Launched through pressing the green “share” icon next to the gear icon, or 

by pressing Alt+Z. 

Users 

 I have contacted 10 stakeholders through social media. I used reddit to create a thread in the 

r/NVIDIA board to get right to the heart of NVIDIA users who use this program and asked them what they 

would like to see out of GeForce Experience. I also asked my friends and their friends for information as 

well, as we are all pc gamers. I received 10 responses from 10 different people. All 10 out of 10 users 

expressed dissatisfaction with the fact that there is no longer an option for a local account, and that you 

must have a connection to the NVIDIA servers and the internet in order to use the application.  

 Below (Figure 3) is a scan of a modified “mind map” I developed from my research on gripes and 

requested features, to keep them together and to discover overlap and interconnections while developing 

prototypes and establishing requirements. 

 

Figure 3. Modified mind map of concepts during the requirements gathering process. 
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Scenarios 

These three personas, and by extension, the three scenarios that bring them to life helped me in the 

process of gathering requirements and in creating my prototypes. For example, the first persona is incredibly 

concerned with privacy, hence why I chose to add the option to create a local account. With the second 

persona, she was not as concerned with privacy, but saw the creation of an account as a roadblock. The 

third persona is the type of person who clicks accept without reading the end-user license agreement, so 

that aspect of the redesign will not affect him as much as the other two. However, Raul does place 

importance on efficiency and utility. The redesign choices such as increasing the memorability of the 

program through more logically ordered lists, the integration of NVIDIA Control Panel into GeForce 

Experience, and the new settings tab itself. 

 

Scenario #1: 

David is a 39-year-old businessman. He has three children, and when he comes home from the 

office after a long day, he wants to enjoy a long-time hobby of his, computer gaming. Gaming since the 386 

days, he no longer has time to fiddle with settings. He just wants his PC games to work. He is concerned 

with privacy and is wary of businesses obtaining telemetry data that is not anonymous. He is attracted by 

automation but does not want to needlessly create accounts to put a name to his data. Because he likes 

automation, he goes to his GPU manufacturer’s website and find GeForce Experience. He likes the fact that 

his drivers automatically download, and any games he purchases will have a one-click optimization. He 

installs it and runs the .exe for the first time and is greeted by a login screen. He looks for a “skip” button, or 

any way he could get the program started without having to log in. Frustrated, he closes the program and 

instead plays with his children. 

 

Scenario #2: 

Kimberly is a 21-year-old college student whose hobby is playing video games. She watches 

YouTube videos of people streaming her favorite video game. She wants to start streaming her gameplay to 

an audience too, so she looks for a method to record her gameplay. Kimberly has recently purchased an 
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NVIDIA graphics card. Excitedly looking at the box, she realizes that there is a companion application called 

GeForce experience. She downloads it to automatically update her new graphics card in order to maximize 

performance, and to record and stream her desktop. She is interested in an all-in-one solution for her needs, 

and especially likes the automation of the driver updates and graphics optimization so that she can focus 

more time on her classwork and gaming. It asks her to create an account and she is surprised by this. She is 

confused as to why she must make an online account to simply use the features promised to her on the box. 

She looks to the bottom part of the log in screen and sees (create a local account) and clicks it. She is 

relieved to have the functionality of using screen recording and game optimization quickly available to her, 

allowing her to better optimize her time so she can game right away without relying on server availability 

hampering her path to gaming. 
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Figure 4. Storyboard for scenario #2. 
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Scenario #3: 

Raul is an 18-year-old computer science major from NYC. He has been a computer hardware 

enthusiast ever since he bought a prebuilt PC from Best Buy as a preteen. Now that he is older, he knows 

more about hardware choices than he did before. He does not care about accounts, because he rationalizes 

that all companies will get data somehow and is not worried about privacy. He does, however, get frustrated 

when he cannot easily use a program. Raul wants to create clips of his desktop for class presentations and 

uses his brand-new PC meant for gaming only for classwork now. He is frustrated by the “share” function, as 

it took him ten minutes looking through the user interface (UI) to find the setting to change the quality of the 

video taken. Raul loves intuitive UIs; he thinks it is boring to read a user manual and hates having to look up 

how to use an application online. 

Raul downloads GeForce Experience and creates an account to use the software. He is horrified by 

how it is laid out; he sees setting in three different areas. He looks at the home screen and is confused how 

to know which games need optimization. Raul must explore the program to learn the locations of all the 

settings and gets increasingly more annoyed by the lack of integration of the control panel and the scattered 

settings. 

 

 

Requirements 

1. Option of creating a local account for users, removing the mandatory login to use features such as 

streaming, capturing video, downloading drivers, and modifying graphics for games. 

a. By far the biggest complaint about the software 

b. Privacy issues 

c. Putting data to a name 

d. 10/10 of user I am in contact with express their discontent with this; so much as to move to a 

different company for their GPUs 

i. “It makes me want to go team red” (Buy and use AMD products) 

2. Easier to find settings 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 59 

a. The settings for the in-game overlay require you to launch the overlay itself to reach them  

3. Change settings for the “Share” overlay, without launching the overlay itself 

a. I want to change this because while researching in past forums, this was a gripe in over 12 

threads. 

b. Desktop recording is not only useful in game, but for presentation as well. Being able to 

quickly tweak settings without launching the overlay is helpful in desktop situations 

4. Show us clearly if our games can be optimized on the “HOME” tab 

a. Only shows a grey circle on the main “HOME” screen only if games need optimization; 

should be able to view potential optimizations quickly 

b. Users experience frustration with not being able to easily tell if games need optimizations, or 

is already optimized 

5. Make games marked as “favorite” easier to access 

a. This is because past research and four users expressed wanting this feature. 

6. Move NVIDIA control panel into GeForce Experience  

a. This is contingent on allowing the creation of a local account, as Control panel modifies local 

settings of the GPU. Locking that behind an account would be unacceptable because you 

would have your driver’s control panel linked to a name and account. 

7. Update NVIDIA Control Panel so navigating feels more modern (like GeForce Experience) and not 

use outdated buttons and menu layouts 

a. “it looks like it was pried from Windows XP” 

b. Users report Control Panel being laggy and unresponsive 

 

Prototypes 

 For this redesign project, I used a mix of low and high-fidelity prototypes. They are all still images of 

how the application will look and function. Higher fidelity prototypes were used when aesthetics was of more 

importance, and lower quality prototypes were used when the function and rough layout of components were 
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of more importance. All were produced using Paint.NET, an open source image manipulation program, 

using as much of GeForce Experience’s assets as I could find in the program files with my skills. 

The Login Screen 

    

Figure 5a and 5b: The login screen before (a), and the proposed redesign (b). 

The simplest solution for my redesign is the biggest problem with users. As 100% of the users 

interviewed, along with countless threads on forums and videos showing you how to bypass this, this 

redesign removes the mandatory log in to use GeForce experience. A simple “skip” option was added to the 

bottom of the log in dialogue box, which appears when you launch the program from the .exe. I left the 

option of logging in with existing accounts to give an option for users who do not mind logging in that way. 

The option of skipping will instead use a local account tied to the machine. This is also useful as a failsafe in 

the case of losing connection to NVIDIA’s servers or internet loss, as you can still access and use features 

of the program (except for streaming, of course). There is still value optimizing games and settings for the 

desktop recorder, as well as tweaking driver settings while offline. 
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As NVIDIA’s purpose of creating an account is to collect user data, anonymized data from hardware 

and usage can still be collected from a local account that is collected through the internet, provided that 

users consent to granting access to that information. Collecting user data is extremely helpful in improving 

the product and user experience, so I did not want to completely shut off access to that data, but creating an 

online account forces the user into giving their data, tied to their name, to the company. Thus, by creating a 

local account and consenting to anonymous data collection, users concerned with privacy will be able to 

control who has their data. 

The simple addition of a clearly marked “Skip” object will catch the user’s eye looking for a way out 

of account creation. For users like my persona Raul, who does not place privacy as a top concern, the 

option of using an account is still at the forefront of the redesign. 
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The “HOME” Tab 

 

Figure 6. The HOME tab before. The only way to tell if a game needs optimization is if there is a gray circle 

with a line through it. Games that are optimized have no markings. 
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Figure 7. A proposed redesign. Added a new tab called “Control” which puts all the settings in one place, 

rather than scattered throughout multiple applications. You can more easily see games that need 

optimization with their names in red. A green check means that the game is already optimized. 

 

 This tab is the first screen users see as soon as they log into the program (or skip, bypassing the 

login and using a local account instead). It is made up of a list of all the games on your hard drive that 

GeForce Experience has found. In this screenshot, only a few games have been recognized because they 

are the only ones that have been installed on my C drive.  
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 A main change from the current version of GeForce Experience is the addition of the CONTROL 

TAB next to the HOME and DRIVERS tabs. This will be explained in detail more later. Because all the 

settings have been moved into the CONTROL TAB, the settings button located to the right of the share 

button to the right of the program is removed. 

 My proposed redesign enables the user to simply see which of their installed games need 

optimization without clicking on any of them. Green is good; it means that your game is fully optimized. A 

gray and red exclamation point and the game’s title in red font means that they need different settings to be 

optimized for your hardware. The current version of GeForce Experience only shows a gray circle with a line 

through it in the corner of the cover art if your games still need to be optimized. The red makes it stand out, 

as well as increases readability for quickly seeing if there are optimizations required. (UPDATE: 4/11/19: I 

sent feedback to NVIDIA and the green check feature described in this project is present in a new update. 

Many other users have asked for a more readable optimization page, so I do not believe that my prototype 

had anything to do with it, but it is nice to think!).  

 Another important part that I redesigned is adding games marked as “favorite” show up first on the 

list, in their own category. To view the favorite games in the current version, the user must click the 

“hamburger” menu next to changing the list view and click “favorites”. Putting the favorites first is helpful 

because not only is the game optimization accessed by clicking the cover art, but there is also an option to 

launch the game too. Therefore, keeping the games marked favorite at the top of the list allow you to launch 

them more efficiently. 
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Game Optimization 

 

Figure 8. The current “before” image of the individual game optimization screen. 

 

Clicking the game’s cover art in the HOME tab launches a page dedicated to tweaking and 

optimizing graphics for games, making it possible to click one button and have your games look its best for 

your current PC. The current version lists all settings alphabetically. The user must look at the “OPTIMAL” 

column to see which settings are the best for your current hardware. The user cannot currently change each 

setting individually in GeForce Experience, instead, they must launch each individual game and navigate to 

the menu within the game for video settings. GeForce Experience launched a feature to automatically 

optimize games, so you do not have to know what “decals” are, or what “post processing” is. The current 

3.15 version of GeForce Experience sets options correlated to the current hardware inside of your PC. 

Users have had issues with the optimization being “all or nothing”, and not being very telling the user as 

which optimizations are available to them. In my prototype, I address the issue of lack of user control and 

readability for the available optimal settings changes. 

 My proposed redesign (see Figure 9) puts the settings that need to be optimized first in the list, for 

increased memorability, and for efficient access to important information. The settings that are currently not 
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set at the optimal settings will have red lettering; similarly, the recommended optimal settings will be written 

in green. I also added a feature where you can select individual unoptimized settings, and save them. This 

way, if you prefer to have only one or two recommended settings changed, you do not have to automate all 

the recommended settings to fit your needs. I kept the OPTIMIZE button intact to enable quick optimization 

of the selected game. In addition, from the HOME tab, you can click multiple games and choose to 

OPTIMIZE them all at once. This is an upgrade from the current version of GeForce experience, where you 

could only optimize all games at once, not multiple selections of your choosing. 

 

Figure 9. Proposed revamp of home and game optimization (low fidelity) 
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Settings: “CONTROL” 

 

Figure 10. The settings screen before 

 

Figure 11. Proposed redesign of the settings page.  
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I have added a new tab in the program called “CONTROL” to keep everything regarding settings in 

one place, in order to increase the memorability of this software. This is basically a rework of the “gear” icon 

and settings page in the program before my redesign. Because this is a program that heavily relies on 

settings (for the in-game overlay, accounts, game graphics, driver downloads, etc.), I designed GeForce 

Experience to have its own tab for settings. The tab “CONTROL” becomes highlighted in green when you 

select it, allowing you to visually see where you are in the program (and to keep with the theming). I added a 

tab for the in-game overlay, which was previously a section of the “general” settings screen (see Figure 11). 

In addition, I removed the section for the overlay toggle and settings from the “general” section. I will explain 

more in detail in the “In-Game Overlay” section of this document. I also added a tab for “Control Panel”. This 

will be where the program NVIDIA Control Panel will be located and integrated into GeForce experience. 

 

In-Game Overlay 

 

Figure 12. Current In-game overlay. You can launch it through the green “share icon” next to the notification 

bell or by pressing Alt+Z on your keyboard. Clicking the gear icon allows you to tweak settings, while still in 

the overlay.  
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Figure 13. Previous location of the in-game overlay in the settings.  

Figure 14. What the overlay settings looks like while in the overlay itself. 
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Figure 15. Low-fidelity prototype of how the in-game overlay section looks like in the CONTROL tab. 

 

 Making the overlay settings available without launching the overlay itself was something that I did 

not consider until I talked with users. As for myself, I do not use the streaming feature of GeForce 

experience, but recording my desktop is useful for presentations and gathering video clips of movies and 

shows I watch. The in-game overlay allows users to tweak settings used for screen capturing and streaming, 

which when launched by pressing Alt+Z, fills the entire screen (see Figure 12). This is great while in a game, 

as most gaming platform overlays fill the screen as well (e.g., Steam game overlay). However, if you were to 

use the screenshot and screen recording function outside of a game in a normal desktop environment, 

launching the overlay is jarring. Users wanted flexibility in changing settings, and in the spirit of keeping all of 

them in one place (so users do not have to search for them), it is its own section in the CONTROL tab. In its 
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current state, GeForce Experience forces the user into the full screen overlay to change settings for screen 

recording, even if the “Settings” button is pressed while in the “General” subsection of the Settings screen, 

which does not have a full screen menu and has the ability to be manipulated normally in Windows (see 

Figure 11). A key point is that if the user desires to change settings while in the overlay, they can launch it 

and change them as usual. This is because the overlay is useful while in game, as the name suggests. This 

way, there are two different methods of activating settings for the in-game overlay: one is in the overlay 

itself, as it was before, and one additional location located in its own subsection of the settings “CONTROL” 

tab of GeForce Experience, for tweaking settings for video recording without filling up the screen in a regular 

desktop environment. In my prototype, you can see the selected tab and subsection of that tab written in 

green text, allowing the user to easily see where they have navigated to inside of the program. 

 I went with a two-column approach for the in-game overlay settings subsection after user feedback. 

A previous prototype had only one column, leaving too much empty, useless space in a desktop 

environment.  
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NVIDIA Control Panel 

 

Figure 16. Control panel before.  
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Figure 17. Proposed redesign and integration of the NVIDIA Control Panel into GeForce Experience. 

 

 For the redesign of the NVIDIA Control Panel, I completely moved the program into the “CONTROL” 

tab I have created into GeForce Experience. Being its own separate program has been a puzzling decision 

for me and the users I have interviewed, so putting this program into its own portion of GeForce Experience 

makes the most sense. Previously, the NVIDIA Control Panel was its own separate program, but linked to 

GeForce Experience because they both allow changing settings of graphics cards. Both the Control Panel 

program and GeForce Experience are also tied to the same taskbar icon in the notification area on Microsoft 

Windows PCs. Because this program allows driver tweaks (by drivers I mean the software that allows the 

Graphics Processing Unit to work with your operating system in your computer to produce graphical output), 

having two separate programs that changes similar things with your graphics cards is inefficient and 

unnecessary. NVIDIA Control Panel alters the user’s monitor resolution, 3D settings, and Game physics 

settings. GeForce Experience allows you to download new 3D software, new game physics packages, and 

new drivers. NVIDIA Control Panel is outdated looking as well, making it look disjointed from the rest of 

NVIDIA’s branding and color scheme, so integrating it into GeForce Experience gives the program a much-
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needed facelift as well. These reasons allowed me to make the decision to integrate Control Panel into 

GeForce Experience. I liked that the original control panel explained every function the user can change in 

detail, so I kept that feature in its integration into GeForce Experience. 

 

Evaluation 

 For the evaluation of my prototypes, I used ten usability principles outlined by Nielsen and Molich 

(1990) in their work, “Heuristic evaluations of User Interfaces”: having a simple and natural dialogue, 

speaking the user’s language, minimize the user’s memory load, consistency, feedback, clearly marked 

exits, good error messages, aesthetic and minimalist design, preventing errors, and help and 

documentation. I also completed a crude task analysis comparing the amount of time it takes to launch a 

game marked as “favorite” in GeForce Experience before, and how long it will take in my redesign. I also 

looked at how many mouse clicks it takes to complete the task in the current version of GeForce 

Experience, and how many it takes in my redesign. 

 

Task Analysis 

Desktop 2019.04.24 - 14.58.59.04.mp4
 

Figure 18. .MP4 video file of the amount of time it takes to launch a favorite game previously in GeForce 

Experience. 

Desktop 2019.04.24 - 14.58.44.03.mp4
 

Figure 19. .MP4 video file of the amount of time it takes to launch a favorite game in the redesign. 

 

 For this crude task analysis, I wanted to compare the efficiency of fast and how many clicks it takes 

to launch a game marked as favorite in the old version of GeForce Experience, and my redesign. It took 

approximately six seconds to launch a game first in the favorites list in the old version, and only three in the 

redesign. In addition, the old version takes three clicks to launch games (click filter list, click favorites, click 
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launch game), and in the redesign, it only takes one (clicking launch game). This may not seem like a huge 

improvement, but do keep in mind that GeForce Experience does not remember filters when you exit from 

the program, so in order to access just the favorites, you must set the favorite filter each time you open the 

program. If you have a large volume of installed games, having the most often played games in a favorites 

list makes it easy to access and launch them.  

  

Nielsen Usability Principles Evaluation 

 GeForce has always had a rather simple and natural dialogue with the user. user. GeForce 

Experience uses nice and simple descriptions for different settings; in fact, there is not a help or 

documentation section in the application because the programs describe the settings in a way which even 

novice computer users can understand. In my redesign, I named objects corresponding to the simple ways 

that NVIDIA uses language in their products. I chose to keep up with the one-word naming convention of the 

different tabs by calling the new tab “CONTROL”. Everything in the program is so simple, that it does not 

even include help documentation within the program itself. 

 Another usability principle that GeForce experience has is speaking the user’s language. Some 

users may not know what antialiasing is, or depth of field. These terms are used sparingly, and visual 

pictures and descriptions accompany them. The program literally speaks the user’s language, as it is geared 

toward the average PC gamer. Nothing is too complicated or out of reach; it has the perfect dialogue 

between the program and its users. 

 Minimizing the user’s memory load was something I tried to work on with my redesign. With the 

settings being located all over the application, it put strain on the user’s memory because they must learn 

and remember where everything is. By putting all the settings in a single, organized place, it increases the 

memorability of the program. Putting tabbed lists in the settings for each subsection of settings allows less 

mental strain memorizing locations of settings for different features. In the game optimization screen, 

something as simple as putting the settings that can be optimized in the list first decreases the load on the 

user’s memory because they will not have to scroll down a list to pick out each setting.  
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 Consistency was always a huge problem with users, from the layout between NVIDIA Control Panel 

and GeForce Experience, to settings in the in-game overlay. I wanted to make sure everything is consistent 

to correct a feeling of disjointedness in the program I made sure to include all the settings for the program in 

one place, in order to create a sense of consistency, but organized the elements in such a way to prevent 

cognitive strain. Before the redesign, there were settings located in the settings option itself, when you 

launch the in game overlay, under your profile, and in a separate program (Control Panel), which could all 

be integrated together into a tabular system which allows easy access to all of them. 

 The program is excellent with feedback. Every time you click a selectable object in the program, it is 

highlighted in green. I kept that in my redesign with the inclusion of more subsections in in the settings (now 

called CONTROL) tab, such as “in-game overlay” and “control panel” being highlighted in green when the 

user clicks on it. As for literal feedback, there is always a small comment icon that is in place so that users 

can contact the developer and make comments, feature suggestions, and bug reports. This is actually how I 

brought up the green checkmark on the optimized games on the HOME tab.  

 The program before the redesign was very good at having clearly marked exits and navigation in 

general. It uses all the standard Microsoft Windows symbols for minimizing, windowing, and exiting from the 

program, as well as clearly marks exits out of dialogue boxes. There are clearly marked arrows to return to 

the previous screen, as well as highlighted tabs which tell you where you are located in the program. 

 There are good error messages in this program as it was before the redesign. It does not give overly 

technical explanations for the error, which is great for the potential users of this program who just want a 

program to just work, like my persona Raul, who places importance on program utility. For someone who is 

not as tech savvy like my persona David, simple error messages are helpful as well to aid troubleshooting.  

 The heuristic “aesthetics and minimalism” is the driving force to integrating the NVIDIA Control Panel 

into GeForce Experience. User criticisms cite the outdated UI as “ugly, old, and Windows XP-like”. GeForce 

Experience’s current UI is an aesthetically pleasing and minimalist dark theme, so in my redesign, I ported 

the information from NVIDIA Control Panel into GeForce Experience’s UI. The Control Panel was minimalist 

before, meaning there was no irrelevant data competing for resources; the program’s fault was in its 

aesthetics. 
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 The program does a great job at preventing errors. If you make a mistake, there is always a revert 

button nearby to undo your changes. If you make changes to game settings or graphics card settings, there 

is always a description telling you what will change, allowing users to think about what they are clicking on. I 

kept all revert functions in my final redesign. 

 For help and documentation, I liked that the original NVDIA control panel had a nice help function 

that allowed the user to peruse a nicely outlined and searchable documentation on the use of the program. I 

wanted to have the same documentation available in its integration into GeForce experience, so I made sure 

to keep it in my redesign. The rest of GeForce is incredibly straight forward and simple. If one desires to 

contact the company, there is always a comment box object located in the bottom right-hand corner of the 

application that is easily accessible. 
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Appendix A 

Figures used in this document 

 

Figure 1. NVIDIA Control Panel (left) and GeForce Experience as it is now(right). In the bottom right, the 

system tray shows that both programs are tied to a single program icon. 
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Figure 2. The in-game overlay. Launched through pressing the green “share” icon next to the gear icon, or 

by pressing Alt+Z. 

 

Figure 3. Modified mind map of concepts during the requirements gathering process. 
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Figure 4. Storyboard for scenario #2. 
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Figure 5a and 5b. The login screen before (a), and the proposed redesign (b). 

 

Figure 6. The HOME tab before. The only way to tell if a game needs optimization is if there is a gray circle 

with a line through it. Games that are optimized have no markings. 
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Figure 7. A proposed redesign. Added a new tab called “Control” which puts all the settings in one place, 

rather than scattered throughout multiple applications. You can more easily see games that need 

optimization with their names in red. A green check means that the game is already optimized. 
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Figure 8. The current “before” image of the individual game optimization screen. 

 

Figure 9. Proposed revamp of home and game optimization (low fidelity) 
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Figure 10. The settings screen before 

 

Figure 11. Proposed redesign of the settings page.  
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Figure 13. Previous location of the in-game overlay in the settings.  

Figure 14. What the overlay settings looks like while in the overlay itself. 
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Figure 15. Low-fidelity prototype of how the in-game overlay section looks like in the CONTROL tab. 
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Figure 16. Control panel before. 

 

Figure 17. Proposed redesign and integration of the NVIDIA Control Panel into GeForce Experience. 

Desktop 2019.04.24 - 14.58.59.04.mp4
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Figure 18. .MP4 video file of the amount of time it takes to launch a favorite game previously in GeForce 

Experience. 

Desktop 2019.04.24 - 14.58.44.03.mp4
 

Figure 19. .MP4 video file of the amount of time it takes to launch a favorite game in the redesign. 
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Introduction 

 When the COVID-19 pandemic arrived in the United States of America, education shifted from a 

primarily in-person experience, to a fully remote experience. Educators are concerned with how virtual 

schooling can be effective while missing critical, in-person interactions. One popular solution to this issue is 

creating virtual classrooms using Google Classroom or Microsoft PowerPoint, providing an interactive 

environment for students to explore, much like a real-world classroom or office space (Fuentes & Grimes, 

2020). These virtual environments provide a familiar metaphor for students to explore and interact with 

elements in the virtual classroom, with engaging graphics and resources to supplement the online 

curriculum. However, there are criticisms of using virtual classrooms, including accessibility and usability 

issues, which make the transmission of curriculum-related information difficult. These issues are theorized to 

arise because teachers, who are not necessarily usability or design experts, are required to create these 

virtual classrooms without guidance or training, introducing issues into the final design due to a lack of 

knowledge of interaction design. I examine some strengths and weaknesses of the virtual classrooms being 

employed in school districts across the country through the evaluation of a client’s own virtual room, called a 

“resource room”. The evaluation also includes background research on multiple virtual rooms used within 

and outside the client’s school district, with a synthesis of examples of good and bad design. The evaluation 

also includes design suggestions for future iterations of the virtual resource room. 

The client, Kimberly, is a 26-year-old school psychologist intern for Pennsauken High School in 

Pennsauken, New Jersey. Kimberly is also my sister. The client earned her master’s degree in school 

psychology in 2019. Kimberly is currently responsible for conducting group and independent counseling for 

schoolchildren ranging in age from five to 18 years old. Her counseling areas include social skills, body 

image, relationships, internalizing disorders (e.g. anxiety disorders), and externalizing disorders (e.g. 

conduct disorder). 

The client and I began our professional relationship while discussing our graduate programs’ 

portfolio requirements, where I mentioned I would like to conduct a website evaluation, but had trouble 

meeting people in person due to the pandemic. Kimberly mentioned that she made a website for her school 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 94 

but is so embarrassed of the site, that she actively tells her clients to email her instead of inviting them to 

visit and obtain resources. I offered to perform an evaluation of the website after its first iteration so that 

Kimberly could have a website that she is proud of and can increase her professional impression. I also 

explained to the client that I will present the results of the evaluation in a way she can understand, because 

editing the site is restricted to staff members only. The client accepted the proposal, and planning for the 

front-end analysis began.  

 

Phase 1: The Front-End Analysis 

To begin the front-end analysis, I conducted an informal interview with Kimberly to understand the 

website’s purpose, the identification of users, and her perceived usability issues with the website. The entire 

project took place over the course of three weeks. The client and I met in person to conduct the informal 

interview. I prepared a set of questions before meeting to ensure the conversation would stay focused on 

the website’s goal, the primary and secondary users of this website, and what aspects of the website is 

concerning the client. 

 

The Website 

The website being evaluated is a collection of resources and information for school counseling, 

known as a “Resource Room”. Each member of the mental health staff at Pennsauken public schools is 

responsible for creating a resource room using Google Slides. The resource rooms are set up like a virtual 

office or classroom space that contains interactive elements for users. These elements contain data such as 

parent resources, mental health information, and games and mindfulness strategies for students. This 

mirrors the concept of a real-world resource room, which in a school psychology context refers to a separate 

classroom for students with special needs go to receive extra learning and individualized attention. The type 

of learning the student receives depends on their individualized education programs (IEP).  
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To access Kimberly and other staff members’ resource rooms, a user must first navigate to 

Pennsauken Public School’s website at https://www.pennsauken.net/. Then, the user navigates to the 

“Mental Health” tab, then selects “Meet the Mental Health Professionals” from the drop-down menu. From 

there, the user can enter a desired counselor’s resource room by clicking on the “enter” link.   

 

The Users 

The primary users of this website are Pennsauken public school students from grades K-12 

(approximately five years old to 18 years old) and their parents and legal guardians (above 18 years old). 

Younger students (below grade 6) typically have their parents or legal guardians access information about 

counseling. The students who access information through Kimberly’s webpage are diagnosed with mental 

illness and/or special educational needs, are currently being screened for showing signs of needing mental 

health services or are seeking mental health services by their own volition. The client explains that while 

younger children access her own webpage with their parents, her current primary users are high school 

students (age 14-18).  

Student diversity data gathered from the government indicate 46% of the student population is 

Hispanic, 31% Black, 12% Asian, and 10% White. The interview indicated that many of the students’ parents 

only speak Spanish, while having little or no understanding of English. Furthermore, data indicates 67% of 

students come from homes that are economically disadvantaged, meaning 67% of students are currently 

receiving free or reduced-priced lunches. 

 

The Client’s Concerns 

 As the resource room website is in its first iteration, the client, Kimberly, reports wanting to make 

changes to improve the usability and amount of resources available to students and parents. The client 

wishes to increase the consistency of the website’s pages and interaction styles. Resources to add include 

book suggestions for students, movie suggestions, and parental resources, including information about 

https://www.pennsauken.net/
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upcoming parent information Zoom meetings. Additionally, the client reported that parents of the students 

have difficulty accessing English-only content because the student population is predominantly Hispanic. 

Therefore, providing resources in Spanish or creating a language toggle option is a concern. The client also 

intends to add more presentations on different mental health topics to the “social-emotional learning” page. 

 

Research 

For the client to understand the principles of interaction design, the design lifecycle, and the results 

of the website evaluation, I suggested to research other staff members’ “resource rooms” with the client to 

understand what is good design, and what is not. In turn, the client educated me on her duties as a school 

psychologist, which informs design through identifying her primary and secondary users’ needs. 

 

Figure 1. A sample Bitmoji virtual classroom. 
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Kimberly and I identified patterns in the virtual resource rooms, according to the age of the primary 

users and the type of virtual room being conveyed (e.g., library, school psychology, math department). 

Virtual resource rooms tend to use bright colors and engaging graphics to draw users’ interest and keep 

them on the page. There are multiple interactive elements to click on, and there is variability between these 

interactions. For example, one could click on a hyperlink to gain resources about LGBT youth or can click on 

a ball on the floor to see it bounce. 

Figure 1 provides an example of the “virtual room” metaphor used by educators and other staff to 

provide information to students and parents. These rooms are excellent to present a virtual counterpart of 

the real-world environment where students cannot physically visit due to current restrictions. Everything 

placed in the virtual classroom is similar to what the students would expect in a physical classroom: there is 

a desk, a whiteboard, bookshelves, and posters. There are issues with object scaling and relative size 

where objects that are expected to be larger (because they are closer to the user) are smaller, such as in 

the case of the boom box versus the size of the picture frame on the bookshelf. There is little jargon used, 

and instead uses language young users can understand.  

Users are afforded freedom to explore and click on elements in the virtual space, but there are no 

visible hyperlinks assigned to objects, making it difficult for the user to understand what will occur after 

clicking an element. Additionally, if a user clicks on an element and performs an unintended action as a 

result, the only way to reverse these actions are by using the browser’s back button. There are no 

“emergency exits” marked in the virtual classroom.  

The most frequently violated usability heuristic for the Bitmoji virtual classrooms is that these 

websites are typically not minimalist. They contain many colors which strain the user’s absolute judgement 

limitations, and the number of elements clutter the screen also strain the user’s working memory through the 

competition of multiple elements in a given fixation point. If a user is trying to complete a certain action, like 

emailing the staff member, an exhaustive conjunctive visual search task must be completed to find an 

element that may lead the user to an email. In the case of Figure 1, this element is the avatar’s laptop on 

their desk, which displays the text, “Contact me”. 
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Figure 

2. Screenshot of another School Psychologist’s virtual resource room. 

 Figure 2 is an example from another school psychologist’s virtual resource room. This example 

shows an example of providing help to the user. The avatar instructs the user to click on one of the two 

interactive elements on this page. While a design should not need additional explanation of its features or 

what the user is able to do, explicitly telling the user to click on something is helpful for those not familiar 

with the virtual room metaphor, or a user who would otherwise have no idea where to start interacting with 

the webpage. A usability issue in this example is the incompatibility between the avatar’s dialogue and the 

interactive element. “Parent” does not match “Parents!” and “Student” does not match “Students (4th/5th 

Grade)!. For consistency, these elements should be named exactly like how it was phrased in the help tip 

dialogue.  
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Figure 3.1. Megan’s virtual resource room (English version). 

 

Figure 3.2. Megan’s virtual resource room (Spanish version). 
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  Figure 3.1 and 3.2 represents Megan, one of the school’s mental health therapist’s resource room. 

An important part of user-centered design is considering who you are designing for. Understanding those 

user’s capabilities, what they are trying to achieve, and considering the best way to achieve those goals is 

crucial for designing an interactive product. Pennsauken School district has a large Hispanic population, 

where many of the parents only communicate in Spanish, or communicates in English, but has a marked 

decrease in proficiency compared to their Spanish ability. Megan’s clients are in the K-3rd grade bracket 

(ages 5-9), meaning her page will receive most of the traffic from the clients’ parents. Thus, adding a button 

“en español” (in Spanish) for the user to view the resource room’s information in Spanish is helpful for 

Spanish-speaking users. 

Megan’s virtual resource room is not without usability issues. There are aesthetic issues on her 

page. Some of the elements on this webpage violate object-centered cues humans use to perceive depth, 

decreasing the effect of exploring a “3-D” room. An example of this is the Christmas tree, which seems to be 

sized smaller than what would be expected due to its low position in the scene (meaning the object is closer 

to us, the viewer), and we know the familiar size of a Christmas tree, compared to the table and chairs, 

should be larger. Consistency is also violated on this webpage, where the rectangular and circular elements 

showing “Parents”, “Resources”, “en español”, and “Consent Form” are all different shapes and sizes. To 

increase the consistency of the website, these interactive elements should be of a uniform size and shape. 

Another usability issue concerns the underlined text, “Let’s stay connected”. A user could reasonably 

assume that this is a clickable link due to its similar appearance to the hyperlinked text containing Megan’s 

email address, but this text is simply underlined with no interactivity. 
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Figure 4. Bitmoji classroom templates can be found on teacher-centric marketplaces. 

 

Something which surprised both the client and I is that these Google Slide virtual classrooms have 

become so ubiquitous in education that an educator can buy pre-made templates to use. I was confused by 

the wide usage of Bitmoji avatars in the classrooms, but after talking to the client and researching more 

about the topic, I had a greater understanding why Bitmojis are being used over other avatars. With the 

COVID-19 pandemic, education has made the sudden transition to remote learning, necessitating the use of 

a familiar setting in a newly unfamiliar world for school-aged children. Bitmoji allows dynamic poses and 

more context-specific avatars than other resources, and many students are already familiar with using these 

avatars while messaging other people through mobile applications. A concern the client had was that her 

high-school aged students may find the use of Bitmojis patronizing and “out of touch” with the true needs of 

this age bracket of users. The district requires the use of Bitmojis, so they will have to stay in the redesign.  

An important point of discussion with the client is my concern for requiring staff to create their own 

websites for students and teachers without necessarily understanding design and usability principles. This 
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point is especially highlighted in cases for students who require accessibility, where even a normal website 

may be difficult to use, let alone a website with a bombardment of colors and objects which violates usability 

principles and places high cognitive load on users. Such users may need additional support like walking 

them through the room, or a help function. 

  

Requirements 

With the information gathered from the informal interview and the background research, I constructed a 

list of requirements for the website along with the client. 

1. Accessible to all users 

a. Spanish language option 

b. Clear exits 

c. Affordances 

2. Consistency of user interaction and web elements 

a. Frustration free 

b. Icons used on webpage 

c. Links must consistently afford clicking 

3. Maintaining a “warm and inviting” tone to the layout 

a. Primary users are children 

b. Keep the safe, familiar room metaphor 

c. Snapchat’s Bitmojis are frequently used throughout the district as a familiar element to users. 

Students already use these in non-academic communication. 

d. Speaks the user’s language 

i. No overly clinical terms. If these terms must be included, explain in layman’s terms 

4. Increase quality of non-data space 

a. Increase resolution of background images 

b. Use non-data space intelligently 
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i. This space can be used to spatially separate incompatible tasks or information.  

c. Limit the use of colors 

i. But still make the feel of the website comfortable 

Non-functional requirements 

1. Interactions must be constrained to what is possible using Google Slides 

a. Hyperlinks 

i. Can link to outside sites and elements, but initial interaction must stay in Google 

Slide 

 

Phase Two: Website Evaluation and Suggestions for the Next Iteration 

 Kimberly, the client, provided me a link to her virtual resource room 

(https://docs.google.com/presentation/d/e/2PACX-

1vQn756OqmIpMd094lH7MApLMN6PfsLO1uA9SgDkRQDZfVzdXVbXXjCj-

5bunm_6A_1gAYJklslnkjNp/pub?start=true&loop=false&delayms=60000&slide=id.p) to complete this 

evaluation. The client explained to me that because her webpage is still in its first iteration, there is missing 

content. Because the webpage is still underdeveloped, the website evaluation is highly concentrated on 

usability, so future iterations containing more content can have better direction in user interactivity and 

content delivery.  

https://docs.google.com/presentation/d/e/2PACX-1vQn756OqmIpMd094lH7MApLMN6PfsLO1uA9SgDkRQDZfVzdXVbXXjCj-5bunm_6A_1gAYJklslnkjNp/pub?start=true&loop=false&delayms=60000&slide=id.p
https://docs.google.com/presentation/d/e/2PACX-1vQn756OqmIpMd094lH7MApLMN6PfsLO1uA9SgDkRQDZfVzdXVbXXjCj-5bunm_6A_1gAYJklslnkjNp/pub?start=true&loop=false&delayms=60000&slide=id.p
https://docs.google.com/presentation/d/e/2PACX-1vQn756OqmIpMd094lH7MApLMN6PfsLO1uA9SgDkRQDZfVzdXVbXXjCj-5bunm_6A_1gAYJklslnkjNp/pub?start=true&loop=false&delayms=60000&slide=id.p
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Figure 5. The client’s virtual resource room (Home Page). 

 The way the virtual resource room is set up is by having the user start at the home page (Figure 5). 

Then, the user is free to click on interactive elements (denoted by a change in mouse state from regular 

pointer to link select “hand” pointer). The elements within boxes take the user either to outside websites (in 

the case of the mental health grant information link), or to other areas of the virtual resource room (Social-

emotional learning, Bullying and Mental health).  

Strengths of the Current Design 

The current iteration features the use of the “room” metaphor used in other virtual classrooms. 

Kimberly’s room looks minimalist and modern, having few decorations and a “mature” feel, compared to 

other virtual spaces featuring bright colors, many children’s toys, and rainbow-colored rugs. The client’s 

room is appropriately designed, because her current students are high school aged; including “childish” 

décor might be too condescending to the teenage user. 

The room metaphor enables users to explore the virtual environment like how they would navigate in 

the real world. Users can click on any non-hyperlinked space to advance to another section of the virtual 
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room, where there is different information to interact with. Familiar physical objects such as a couch, plants, 

shelves, the floor, and walls afford the user to click on and advance into the virtual resource room. Some 

student users have disorders that impair verbal communication and reading comprehension, so using an 

interaction style that facilitates moving around in a space, compared to a conversing or instructing 

interaction style is more appropriate. 

 

 

Figure 6. The client’s “Social-Emotional Learning” portion of her virtual resource room. 

The various shelves placed in different sections of the resource room invites user interaction. The 

black and white boxes allow users to separate and combine different resources by Gestalt grouping 

principles such as similarity and proximity. For example, in Figure 6, we know that the “Feelings”, 

“Listening”, and “Suicide Prevention” elements are integrated with one another because of their similarity in 

shape and color, while we know the blue rug element is not integrated with these resources due to its 

dissimilarity in shape, color, and distance to the black and white boxes. Clicking on the elements on the shelf 

allow us to access that information, similar to interacting with real-life objects on a shelf (e.g., picking up 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 106 

items, inspecting, playing). This style of interaction is familiar to users, especially of a young age, who may 

not have experience navigating through websites with menus and search navigations. For the client’s older 

students, this style of interaction is like a traditional website, where icons containing different links to 

resources are provided. 

 

Figure 7. The presentation hyperlinked to the “Suicide Prevention” element on the Socio-emotional learning 

resources. 

The Socio-emotional learning resources (Figure 6) are consistent, with each link leading a 

corresponding presentation (Figure 7). No dead links were found. The client created more lessons that she 

wishes to post on the webpage, so I reminded her to keep the text boxes consistent in size and color when 

she adds more content. 
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Figure 8. View of Kimberly’s virtual resource room through a cell phone (Google Pixel 3a). 

Another strength of the current webpage design is that users do not need to scroll for physical 

content, because mental health resources are all on the “home” room space. This is especially helpful if a 

student or parent was accessing the resource room’s website on a tablet or a cell phone (Figure 8). Kimberly 

must keep in mind that some users may access her resources through one of these devices, so it is good 

practice to make hyperlinked and interactive items big enough to be selected through touch on smaller 

screens. 

 

Weaknesses of the Current Design 

 A weakness of the virtual resource room is in user control. Test users of this page reported difficulty 

discovering how to navigate forward, backward, and back to the home page. While the room metaphor is 

useful for an interactive webpage because the users can navigate and arrive at different places in the room, 

there are weaknesses in how to escape or go back to a previous section. For the user to go back to the 

previous section of the room, they must either click back through their web browser, or hover around the 

bottom-left portion of the screen to make the Google Slides navigation widget appear. The user can navigate 
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back to the previous section by clicking the back-arrow button. The webpage may benefit from native 

navigation buttons integrated into the physical webpage, even when considering the redundancy.  

There is no clear order or arrangement of hyperlinked elements on the bookshelves, which may 

decrease user performance through violation of the proximity compatibility principle. “The Social-emotional 

learning” link and the “Bullying and mental health” link leads users to different areas of the virtual resource 

room, but these links are interspersed amongst links leading to external websites and documents. I 

recommend keeping in-room links together, while keeping these link separate from external-content links.  

 

Figure 9. The webpage’s title, as it appears on Google Chrome. 

The webpage’s title is inappropriately named, “Copy of Ms. Gaull’s Room”. Similar errors and 

inconsistencies are visible on other staff members’ virtual resource room titles. I suggest removing the “Copy 

of” portion and update the title to simply “Ms. Gaull’s Room” for future iterations.  
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Figure 10. Low resolution poster. 

 Kimberly’s virtual resource room has issues with combining low-resolution, difficult to read graphics 

with high-resolution graphics. To improve the website’s consistency and overall readability, low resolution 

graphics used for decoration should be updated with higher resolution graphics to match the resolution of 

the other graphics. In addition, keeping in mind how humans perceive 3-D through object-centered cues is 

important for keeping the users immersed in the interactive environment. I recommend adjusting the size of 

objects placed within the scene so none violates these object-centered cues (e.g., making the beanbag chair 

smaller than the couch on the homepage, adjusting the size of the table and Himalayan salt lamp on the 

“Social-emotional learning” section of the resource room). 
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Figure 11. The yellow highlighting denotes the segment of the element that is hyperlinked, versus parts of 

the element that are not hyperlinked (no highlighter ink). 

 The virtual resource room’s hyperlinks are inconsistent (Figure 11). For example, the elements 

“About Miss Gaull” and “Resources” are complete and properly hyperlinked, while other elements show 

incomplete hyperlinking. The “Social” in the “Social-Emotional Learning” element is the only part 

hyperlinked. A similar usability error happens within the “Bullying and Mental Health” element, where the 

word “Bullying” is the only hyperlinked text. Interestingly, the element entitled, “Pennsauken Mental Health 

Grant Information” only has the right and bottom part of the box hyperlinked, with none of the text 

hyperlinked. A similar error happens with the transparent email icon, where there is a portion of the right side 

of the icon not hyperlinked. A consequence of the inconsistent hyperlinks is that when a user intends to 

access that resource, the webpage acts as if you are trying to click on “dead space”, advancing the slide by 

one and unintentionally showing a different portion of the resource room instead. I recommend fixing the 
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hyperlinks so that the entirety of icons and the underlined text of the different resource elements are 

hyperlinked to improve the consistency of the interaction. 

 

 

Figure 12. The “Just Checking In” element. Clicking this brings the user to a Google Forms page functioning 

as a way for students to contact Kimberly and talk privately about life events.   

 The “Just Checking In” (Figure 12) element is salient because this is the only .gif element in the 

webpage, but there are usability issues concerning accessibility. Users not logged into Google Classroom 

are unable to access the student check-in form, where Kimberly intended the form to be used by anyone 

accessing her webpage. I discovered this error was unintentional when I asked the client for a screenshot of 

the check-in form to add to this report, and she asked why I could not see the form as an outsider of the 

school district. Because of the importance of checking in with a school psychologist for the proper 

identification of risks and prioritization of care, this form should be visible to everyone instantaneously, 

without a log in. While the “Just Checking In” element is dynamic and eye catching, users may be confused 

of the action resulting from clicking the element. I recommend adding an arrow element with the text, “Check 
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in here! (Google Forms)” to dispel any ambiguity over which action will be carried out and where the user will 

be taken to. 

 

Figure 13.1. Forbidden access screen. The intended screen is a Google Forms Check-in page. 

 

Figure 13.2. The correct screen for the Check-in form. 
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Figure 14. The “Mindfulness” area of Kimberly’s virtual resource room. Under construction. 

 One of the areas of Kimberly’s resource room, denoted as “Slide 3” (Figure 14) is underdeveloped, 

only being populated by two links and low-resolution graphics. This area is not yet linked to an element in 

the homepage.The client plans to add links to mindfullness videos and activities for students in this spot, but 

she has yet to research content. I recommend that she either removes this slide, or denotes this area as 

“under construction” until more content is added. 

Spanish Language Option 

 Kimberly’s main concern for the website was the lack of an option for Spanish speakers. The 

Pennsauken School District has a Hispanic majority. Many parents accessing information from the website 

are primarily Spanish speakers, necessitating this feature. Other sections of the Pennsauken school website 

are multilingual, so adding a Spanish version will help accessibility and consistency. I offered to help 

translate a portion of Kimberly’s website to have a prototype for eventual implementation. Special thanks to 

Erika Gonzalez for correcting my initial translation, as I am not fluent in Spanish. 
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Figure 15.1. The client’s “About Miss Gaull” blurb (English version). 

 

Figure 15.2. The client’s “About Miss Gaull” blurb (Spanish version). 

I suggested to add a salient “en español” button to the home screen to toggle between the English 

and Spanish versions of the site. Resources for parents will be translated in the future. 

Cognitive Walkthrough 

I was interested in evaluating how discoverable simple actions are through the context of Kimberly’s 

resource room. A cognitive walkthrough of how to obtain the client’s email address was performed to 

evaluate how well the information on the webpage is conveyed.  I utilized a middle-aged female tester in 
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place of an artificial persona to carry out the walkthrough, as she is in the same age group as the parents 

who access the client’s page. Before the walkthrough, I prepared three questions, adapted from Preece, 

Rogers, and Sharp (2015): Will the user know what to do to achieve this task?, Will the user notice that the 

correct action is available? Will the user know through feedback that they have made an incorrect or correct 

decision?.  

Table 1 displays the results of the simple cognitive walkthrough. 

Goal: Obtaining the email address of the client. 

Task Step Q1: User 

knew what to do to 

achieve the task? 

Q2: User 

noticed that the 

correct action is 

available? 

Q3: User 

knew through 

feedback that they 

have made an 

incorrect or correct 

decision? 

1. Click the envelope icon. No. Chose a 

different path, 

instead clicking on 

the “About Ms. Gaull” 

element, opening an 

external Google 

Document displaying 

biography 

information and 

finally, an email 

address at the end of 

the biography. 

No. After the 

task was completed, 

I explained that there 

was an email icon on 

the landing page, but 

the user was still 

unable to find the 

envelope icon.  

Yes. When 

the user clicked on 

the wrong element, 

they realized 

something was 

wrong because “It 

was not easy 

enough. There must 

be an easier way”. 

Table 1. Notes from the simple cognitive walkthrough. 
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Figure 16. The arrangement of hyperlinked items on the home page. All the hyperlinked items, save for the 

transparent email icon, are located inside squares of uniform shape and size, suggesting they are grouped 

together.  

 

The results from the cognitive walkthrough was surprising to the client. Although the client intended 

the envelope button to be easy to use and accessible in one click, the user was unable to find the icon due 

to its transparency, instead exploring a different task path where the user clicks on the hyperlink for “About 

Ms. Gaull”, sending them to a Google Docs page describing the client, with the email at the bottom. While 

both paths lead to the same result, the action most visible to the user was the least efficient action, with 

more clickthrough than the other, suggested to encase the envelope icon in the same black and white box 

the other resource links are located inside. While the client argued that the envelope icon seemed “visible 
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enough”, the dissimilarity to the rest of the hyperlinked items surrounding the icon, coupled with the low 

saliency of the transparent vector made detection difficult during the cognitive walkthrough. 

 

Phase Three: Presentation of Results and Future Considerations 

I presented the findings of the website evaluation to the client in person. I walked the client through 

the results, making sure she understood each point and recommendation. The client took issue with 

retooling the email icon 

A limitation of this website evaluation is that I am the sole evaluator of this website, which, according 

to Nielson’s (1994) discount usability, would still invite missed usability errors. I made the client aware of this 

limitation.  

Kimberly stated she will start another iteration of the website to submit to the system administrator at 

her workplace, correcting the usability errors found during the evaluation. I will be working closely with 

Kimberly to ensure her next webpage iteration is interactive and informative, but also efficient and enjoyable. 

The client hopes to get the next iteration of her website live soon and reports that she is more confident in 

her website. Kimberly reported that she learned more about the field of human factors, the design lifecycle, 

and usability principles than she knew before. The client expressed interest in discussing the contents of this 

report with the mental health grant team in an upcoming meeting. This is to make them aware of potential 

usability issues with other staff members’ virtual resource rooms to facilitate the access of important mental 

health information across the district.   

The large increase in the usage of virtual rooms to deliver supplemental educational information 

necessitates usability evaluations due to novice developers creating content with little to no usability training. 

Usability considerations are not only important for neurotypical users, but neurodivergent users as well, 

where poor webpage usability may frustrate, overstimulate, or confuse users. Accessibility becomes an 

issue when users cannot navigate or find elements to interact within the virtual room without seeking help 

from another person. I intend Kimberly’s virtual resource room’s evaluation to be used as a critique of the 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 118 

current trend of using “Bitmoji Classrooms” in childhood education settings and stress the importance of 

considering simple webpage usability principles while designing these virtual spaces.  
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Appendix A 

Figures used in this document. 

 

 

Figure 1. A sample Bitmoji virtual classroom. 
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Figure 

2. Screenshot of another School Psychologist’s virtual resource room. 

 

Figure 3.1. Megan’s virtual resource room (English version). 
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Figure 3.2. Megan’s virtual resource room (Spanish version). 

 

Figure 4. Bitmoji classroom templates can be found on teacher-centric marketplaces. 
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Figure 5. The client’s virtual resource room (Home Page). 

 

Figure 6. The client’s “Social-Emotional Learning” portion of her virtual resource room. 
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Figure 7. The presentation hyperlinked to the “Suicide Prevention” element on the Socio-emotional learning 

resources. 

 

Figure 8. View of Kimberly’s virtual resource room through a cell phone (Google Pixel 3a). 
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Figure 9. The webpage’s title, as it appears on Google Chrome. 

 

Figure 10. Low resolution poster. 
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Figure 11. The yellow highlighting denotes the segment of the element that is hyperlinked, versus parts of 

the element that are not hyperlinked (no highlighter ink). 
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Figure 12. The “Just Checking In” element. Clicking this brings the user to a Google Forms page functioning 

as a way for students to contact Kimberly and talk privately about life events.   

 

Figure 13.1. Forbidden access screen. The intended screen is a Google Forms Check-in page. 
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Figure 13.2. The correct screen for the Check-in form. 

 

Figure 14. The “Mindfulness” area of Kimberly’s virtual resource room. Under construction. 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 129 

 

Figure 15.1. The client’s “About Miss Gaull” blurb (English version). 

 

Figure 15.2. The client’s “About Miss Gaull” blurb (Spanish version). 
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Figure 16. The arrangement of hyperlinked items on the home page. All the hyperlinked items, save for the 

transparent email icon, are located inside squares of uniform shape and size, suggesting they are grouped 

together.  
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Appendix B 

Tables used in this document 

Goal: Obtaining the email address of the client. 

Task Step Q1: User 

knew what to do to 

achieve the task? 

Q2: User 

noticed that the 

correct action is 

available? 

Q3: User 

knew through 

feedback that they 

have made an 

incorrect or correct 

decision? 

1. Click the envelope icon. No. Chose a 

different path, 

instead clicking on 

the “About Ms. Gaull” 

element, opening an 

external Google 

Document displaying 

biography 

information and 

finally, an email 

address at the end of 

the biography. 

No. After the 

task was completed, 

I explained that there 

was an email icon on 

the landing page, but 

the user was still 

unable to find the 

envelope icon.  

Yes. When 

the user clicked on 

the wrong element, 

they realized 

something was 

wrong because “It 

was not easy 

enough. There must 

be an easier way”. 

Table 1. Notes from the simple cognitive walkthrough. 
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Ergonomic Evaluation of Pitman Animal Hospital 

For my ergonomic assessment, I went to Pitman Animal Hospital in Pitman, NJ. It is a very busy and 

popular animal hospital in my county, so I am grateful that I was able to conduct an ergonomic assessment 

here. At the hospital, I met three people: Dr. Erde, one of the veterinarians at the hospital, Mary, the 

veterinary technician Team Lead, and Sharie, a Client Service Representative. I performed an ergonomic 

evaluation on three different tasks with each of these individuals. With Dr. Erde, I was able to observe a 

mass removal surgery on a dog. With Mary, I evaluated her lifting animals. With Sharie, I evaluated the 

motions involved with retrieving patient files. 

 

Task One: Surgery with Dr. Erde 

Upon entering the hospital, I met with Dr. Joshua Erde, who was in the middle of a small mass 

removal surgery. He was just finishing up, so I asked if I could observe and take pictures. I also asked the 

dog’s owner for permission as well.  

During the surgery, I noticed that the surgical table was a bit too low for him. The surgical table is 

recommended to be about 5cm below elbow height for maximum user comfort. In addition, he was not using 

the fatigue mat placed on the side of the surgical table. During the procedure, I noticed that Dr. Erde held his 

neck in a flexed position throughout the surgery, placing larger amounts strain on the neck flexor muscles 

due to the larger moment arm created from this extreme posture than if his neck was less flexed. 
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Figure 1: Dr. Erde performing surgery. The veterinary technicians assist him. 

 

After the surgery, I conducted an interview with Dr. Erde to learn more about his responsibilities and 

stressors. Dr. Erde is a veterinary surgeon, so he sees patients for regular checkups as well as performs 

surgeries. On Tuesdays and Thursdays, he performs all his surgeries. He said there can be upwards of ten 

surgeries in one day. Dr. Erde stated that sometimes surgeries take less than 20 minutes, but some of the 

surgeries can be well over two or three hours. When I asked if he had any pain or discomfort, he expressed 

that after long surgeries, his neck tends to hurt from the extended neck flexion posture that must be held. Dr. 

Erde also said that he has been having ankle pain but has relieved most of it by switching his footwear to 

something he reports as more comfortable. Dr. Erde still reports some ankle pain at the end of the day. The 

environment is rather noisy because the surgical rooms are near the kennels where they keep dogs and 
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cats (separately) for recovery. During surgery, Dr. Erde likes to play music as to keep him focused during 

procedures. 

After the interview, Dr. Erde explained some ergonomic assistive devices that are already in place in 

the hospital. He demonstrated that there is a motorized gurney used to transport animals from the holding 

kennels to the surgical table. He explained that it can be set to a low position so they only have to lift large 

animals a few inches off the floor, then raised for transport and surgery. He also showed me that there are 

fatigue mats, which he uses for longer surgeries. There are also fatigue mats for the standing workstations 

that are present in the hospital. Dr. Erde explained that sometimes he forgets to keep his back straight while 

lifting animals as well.  

 

Figure 2: 3DSSPP output of Dr. Erde’s positioning. 

 

Looking at the 3DSSPP output, there is some significant weakening in the hip, shoulder, and the 

ankle holding this position. Because Dr. Erde does not have support of his arms and the surgical table was 

placed too low while performing surgery, he is at risk for pain in the levator scapulae. 
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For evaluating his surgery, I used the General Ergonomic Risk Analysis Checklist, the Ergonomic 

Hazard Identification Checklist, the Workstation Checklist, Task Analysis Checklist, and the Handtool 

Analysis Checklist. These completed worksheets are located in Appendix A of this document. 

Some important findings uncovered by the General Ergonomic Risk and the Ergonomic Hazard 

Identification Checklist were that there is usually noise from the animals that are annoying and distracting, 

and that the tools being used during surgery are sometimes too small for his hands and require twisting of 

the wrist. The task of surgery is often monotonous, and because there is a life in his hands, there is high 

accountability and no tolerance for error while performing this task. He also stands continuously for more 

than 30 minutes, as well as has periods of time where he must use computer workstations for more than 30 

minutes at a time.  

Items of note in the Workstation Checklist were that the surgical table cannot be tilted or angled. He 

also did not use fatigue mats available during short surgeries. Because of the nature of using surgical tools 

like scalpels and probes, there is some considerable twisting at the wrist while performing surgeries. There 

were also no armrests while performing surgeries, so longer surgeries involve static work and raised, 

extended arms and elbows.  

Important findings from completing the Task Analysis Checklist are that the task is not designed to 

reduce or eliminate static muscle loading, raised elbows, twisting of the back or wrists, and a finger pinch 

grip. The materials are often slippery due to blood, there is some risk of slipping, and due to the nature of 

the loads being handled during this task (animals), there are no handholds. 

From completing the Hand Tool Analysis Checklist, I found that some of the tools are too small for 

his hands, and some tools do not have textured handles. He must bend and twist at the wrists to perform 

surgery. 

 I recommended him to use the fatigue mats for all his surgeries, as even the shorter surgeries add 

up over time. Standing on the unsupported floor could potentially be causing his ankle pain, so I advised Dr. 

Erde to be more conscious of that while performing surgeries. I also advised him to use the fatigue mats for 

the standing workstations as well, as the hospital provides them for employees to use. Dr. Erde told me that 
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we know the correct way to pick up animals, but that it does not always happen. During quick procedures, 

he is more likely not to use fatigue mats, as well as not adjust the table to fit him. To help with his neck 

flexion, I suggested using loupes so that he does not have to flex his neck too dramatically. They can be 

adjusted so there is not as much neck flexion held for a long period of time (Maillet et al., 2008, p.44). 

 

Task Two: Lifting Animals with Mary 

 I also ergonomically assessed the action of picking up a dog from the floor with Mary. She is a 53-

year-old Veterinarian Technician Team Leader. Her duties include overseeing the other Veterinarian 

Technicians, picking up animals, giving them injections and care, and assisting the Veterinarians with 

surgery. I interviewed her as well, asking her about her discomfort. Mary reported that she experiences pain 

or discomfort rarely, only if she is injured from an animal bite or scratch. Mary did mention about the noise 

being distracting, but in her long career as a vet tech, she gets used to it. I watched her pick up a 45lb dog. 

While she kept her knees bent, her knees seemed to be out of proper position, with her left knee located 

both higher and lateral than her right knee. She said if there was a dog bigger than her, she would get help 

from Dr. Erde or one of the other vet techs. Mary reports using the motorized gurney often so that she and 

the team does not have to lift large animals from the floor. 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 139 

 

Figure 3a and 3b: Mary about to lift a dog, and the result. 

 

 I used the General Ergonomic Risk Analysis Checklist, Ergonomic Hazard Identification Checklist, 

Task Analysis Checklist, and the Materials Handling Checklist in evaluating this activity (See Appendix B). 

Important findings after conducting the General Ergonomic Risk Analysis Checklist and the Ergonomic 

Hazard Identification Checklist were the constant lifting of loads throughout the shift, overhead reaching to 

grab animals in the top kennels, loads weighing more than 10lbs, bending, stooping, and squatting is a 

primary activity as she lifts animals multiple times in a shift. Sometimes, if the animals move unpredictably, 

Mary must make forceful, quick, or sudden movements to pick the animals up. She also reports that there is 

constant barking from the kennels, that is sometimes distracting, but she has learned over time to block it 

out. Another item of note was that there is little worker control, as her breaks and shift times are determined 

through her boss. She does admit that the work hours and breaks could be scheduled better, as she 

sometimes works eight days in a row, or never takes her breaks when she is busy. 
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 Items of note in the Task Analysis Checklist and the Materials Handling Checklist were that there is 

bending and twisting at the waist to pick up animals, and that because they are animals, they are difficult to 

hold because of lack of handholds, potential for injury due to their teeth, and wriggling out of their grasp. 

 I recommended that Mary keeps her back and knee positioning in mind while lifting animals and 

other heavy equipment, and to ask for help with loads above 40lbs, or if she is unsure she could not handle 

the load. 
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Task Three: Retrieving Files with Sharie 

 

Figure 4: Sharie pulling a cart of files aside to access the files behind it. 

 

 For my third and final assessment, I observed a CSR (Client Service Representative) retrieve files. 

She is 51 years old. Her responsibilities include answering all incoming hospital calls, triaging incoming 

clients, and performing clerical duties. When I interviewed Sharie, I asked if she was in any pain or 

discomfort. She reports that she has arthritis and back issues. She is also a two-time melanoma survivor. 

Sharie reports that she is in pain often, and when at home, lays on a heating pad and uses a TENS unit for 

her back and neck pain.  
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 The worksheets that I have used are located in Appendix C of this document. I used the General 

Ergonomic Risk Analysis Checklist, Ergonomic Hazard Identification Checklist, Workstation Checklist, and 

the Task Analysis Checklist for evaluating this activity. 

 From completing the General Ergonomic Risk Analysis Checklist, I discovered that there is multiple 

occurrences of overhead reaching for files, twisting at the waist to handle the sliding client file cabinet, 

reaching greater than 20 in at times, frequent bending of the limbs during file retrieval and deskwork, using a 

computer workstation for more than four hours a day, complaints of discomfort, irritating noises from the 

dogs barking, reporting that the room is too cold, and a non-adjustable workstation. In addition, the tasks are 

highly monotonous and involve high accountability because Sharie deals with money and patient triage. She 

also reports poor breaks when the hospital is busy, and low autonomy.   

 Important findings from the Workstation Checklist include a lack of preventative maintenance 

program for moving the file cabinet, as everyone has their own methods of pulling them. There is constant 

bending and twisting at the waist and reaching above the shoulder for retrieving files.  

 Items of note in the Task Analysis Checklist are the design of the file cabinet reducing bending or 

twisting at the waist, crouching, arm extension, and raised elbows, and lack of sufficient pauses when the 
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hospital is busy. 

 

Figure 5: 3DSSPP output of pulling the file cart along a track while twisting. 

 I inputted data for pulling the file cabinet along the track into 3DSSPP. I estimated that the amount of 

force it takes to move was around 24lbs, to which the other CSRs agreed. The output looks like everything is 

green, however, there is significant weakening of the hip (87% strength capability), wrist (89%), shoulder 

(94%), and torso (93%) while performing the action. Her balance is acceptable, but her center of mass is to 

the right of the base of support. 

 I recommended Sharie to try pulling and pushing the file cabinet in a sagittal direction, rather than 

twisting at the waist and using her back to pull the file cabinet. I reminded her to keep the cabinet close while 

she is pulling, and farther away from her body when she is pushing the file cabinet along the track. I taught 

her that the spine is good at compression, not twisting. 
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Figure 6a and 6b: After: Sharie pulling the files (6a) and pushing the files (6b). 

 

Follow Up 

I returned to Pitman Animal Hospital a week later to follow up with my initial assessments. Dr. Erde 

reports using the fatigue mats for all his surgeries now, even the ones that are shorter in length. He also 

reports using the fatigue mats for using the standing workstations as well. As a result, he reports less ankle 

pain than he did before. Because I have visited, he stated that proper materials handling and posture is in 

his mind now, because before he would relax and forget to keep proper ergonomic postures while lifting 

animals and performing surgeries. He explained that he also adjusts the surgical table to fit him now, as 

before he would forget to adjust it. Dr. Erde contacted the owner about ordering loupes for the surgeons, not 

only to help neck flexion if it is lightweight and adjusted correctly, but also to magnify the surgical site so he 

does not have to lean forward as much.  
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Mary is also doing well. She reports that she is keeping up using proper body posture for lifting 

animals. She also stated that she asks for help more often when before she would lift large dogs alone. 

Sharie reports that she is still in pain due to her arthritis, but it is more manageable when she comes 

home due to the changes I have made to eliminate twisting while she retrieves files. Sharie keeps in mind to 

not twist at the torso and pushes and pulls the file cabinets instead. She also reports that she has cleaned 

up her desk as a result of instructing her that reaching for far away items is bad for her pain as well. Having 

an organized workspace allows you to work more efficiently.  

This three-segment project made clear to me that ergonomic assessments have a lasting impact on 

worker and client safety. Just by being present for a small amount of time, I have brought ergonomics to the 

front of the minds of the workers of Pitman Animal Hospital. I have taught them how to not only prevent 

injury to themselves, but the clients they care for as well. I am glad that I had the opportunity to present 

myself as a human factors professional in training during this assignment, as it gave me a glimpse of what 

the field of ergonomics is like. 
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Abstract 

The present investigation represents an attempt to discover the role of using voice to text (V2T) 

entry in the context of age against manual text entry. Three hypotheses were formulated, one postulated 

that manual text entry times are slower than the entry times for voice-to-text. The second hypothesized that 

text entry on the phone is faster for young users than for older users, and the final hypothesis proposed that 

text entry employing the use of texting abbreviations (ROTFL, OMG, LOL) will speed up manual text entry, 

but will not show a similar benefit for voice-to-text. Three studies were conducted. The first involved a 

qualitative interview. The second study employed a qualitative survey to participants, and the third study 

involved texting times, the use of abbreviations, and error rates amongst young participants and old 

participants across two conditions: manual text entry and voice-to-text entry. All three hypotheses were 

confirmed by the results of the experimental study. 

 

Keywords:  voice-to-text, manual text entry, age effects 
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Voice-To-Text Usage Amongst Users of Different Age Groups 

Text messaging has quickly become a primary method of communicating with each other. In 2005, 

there was an average of 7.2 billion text messages sent each month. More recently, in 2017, that number has 

grown exponentially to 781 billion text messages sent each month (Statistic Brain Research Institute, 2017).  

Because text messaging has exploded in popularity, the smart phone application market for text messaging 

apps have grown as well, making a variety of texting applications available to the public for any context 

imaginable, keeping us more connected than ever. For example, the application LINE allows users to video 

chat through their smart phone’s camera, and allows users to send ‘stickers’, cute digital images of licensed 

characters which convey the user’s emotion, similar to emojis. Snapchat is an application where the 

messages and images sent between users disappear within 24 hours of sending them. The popularity of 

communicating with other people through text messaging has increased the demand of reliable text entry 

methods. Currently, there are different manual inputs like one-finger ‘swiping’ type manual input, standard 

QWERTY virtual keyboards, and QWERTY and T9 format input using physical buttons on the phone (Smith 

& Chaparro, 2015).  

Using your hands to input text is contraindicated in situations like driving, where your attention must 

be occupied elsewhere. Users who have limited hand dexterity through motor impairments also cannot use 

manual text entry (Corbett & Weber, 2016). Voice-to-text (V2T) is an alternate method of text entry in these 

situations, where limited hand availability and limited visual attention is indicated (Corbett & Weber, 2016). 

Voice-to-text is a method of transcribing voice input into text, allowing the user to talk into their phone’s 

microphone and have the program transcribe the input into outputted text. Voice-to-text technology also has 

been used to support deaf and hard of hearing students in education, by transcribing the educator’s voice 

into text in real time (Stinson, Elliot, Kelly & Liu, 2008). Additionally, V2T is used in the educational 

environment to deliver lectures to students who are otherwise unable to attend the class, and assist students 

who have difficulty typing on a traditional keyboard (Wald, 2016). Due to the advances in speech recognition 

software, major phone companies have included voice-to-text standard in their cell phones as a method of 

text entry (Ruan, Wobbrock, Lios, Ng, & Landay, 2016). 
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 Voice-to-text may not only be just an alternative to manual text entry, voice-to-text input may also be 

faster than manual text input. Past research has demonstrated that voice-to-text entry was three times faster 

than manual input (Ruan et al., 2016). In addition, there were about 20% fewer errors while using voice-to-

text than manual input (Ruan et al., 2016). While voice-to-text has be demonstrated to be faster than manual 

input in the past, there may be confounding factors explaining why people do not adopt this technology 

instead of manual texting. There may be factors such as privacy concerns, or not using the technology due 

to transcription errors, which may result from background noise (Janíček, Velíšek, Holubek, & Ružarovský, 

2019). Younger people might also hold the belief that manually texting is actually faster than having a 

conversation on the phone, the comfort level skewing the younger people’s perception of brevity (Peltier, 

2019). The use of text messaging by younger cell phone users outperform the use of talking on the phone, 

where the average monthly number of voice minutes used by cell phone users aged 18 to 34 years old 

decreased from about 1200 voice minutes in the year 2008, to 900 voice minutes in 2010, while the monthly 

amount of text messages sent increased from 600 in the year 2008, to over 1,400 in 2020 (Howe, 2015). 

Adoption of smart phones have steadily increased over time. As of 2019, over 91% of Americans 

own cell phones, 81% of those phones being smart phones (Pew Research Center). As more of the total 

population uses cell phones, interest has turned to the effect age has on cell phone usage. At the time of 

writing, over 91% of those aged 65+ own a cell phone, with 53% of Americans aged 65+ owing smart 

phones (Pew Research Center, 2019). A previous study performed by Smith and Chaparro (2015), found 

that older people (over the age of 60) prefer cell phones with tactile, physical keyboards, which may explain 

their hesitance to adopt smart phones with touch screens. Another finding showed that voice input 

performance between younger and older adults did not differ, and both groups reported that voice input was, 

“fast, easy, and accurate” for entering text (Smith & Chapparo, 2015). In addition, older adults have many 

cognitive and physical limitations where manual text entry is limited (Smith & Chapparo, 2015).  

Our motivation for this study is to examine voice-to-text in the context of age. In this study, we began 

by assessing user’s opinions of using voice-to-text through a qualitative interview. We were unable to have a 

sufficient sample size for the qualitative interview, so we then conducted a qualitative survey to assess 

users’ voice-to-text habits. Finally, we conducted an experimental study exploring the speed of using voice-
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to-text against factors of manually entering text using a cell phone, age, and the use of text abbreviations. 

To date, there are no previously studies exploring all of the factors together. 

We have hypothesized that manual text entry times are slower than the entry times for voice-to-text. 

Additionally, we predict that text entry on the phone is faster for young users than for older users. Finally, we 

hypothesize that text entry employing the use of texting abbreviations (ROTFL, OMG, LOL) will speed up 

manual text entry, but will not show a similar benefit for voice-to-text.  

Experiment One: Qualitative Interview 

The goal of this study is to gain knowledge about the habits of using voice-to-text across different 

age groups. We also set out to understand why the participants use voice-to-text, why the participants do 

not wish to use voice-to-text, and which devices the participants typically use to deploy voice-to-text input. 

This information will allow us to understand if there are different attitudes between young people and older 

adults.  

 

Experiment One: Methods 

Participants 

For the qualitative inquiry, we interviewed 29 participants in total, ranging in age from 19 to 57 years 

of age. All of the participants are volunteers and were sampled through convenience sampling. These 

participants were recruited directly by the students in our class (PSYC 512, Research Methods, University of 

Idaho), and are mostly comprised of family and friends. Because this was a class project, IRB approval was 

unnecessary. 

 

Materials and Procedure 

The qualitative interview was completed using a writing instrument, paper, and the use of a 

computer with word-processing capability.  

The qualitative interview was comprised of a nine-item questionnaire presented in a structured 

manner. The structure for the qualitative interview was developed from studying the existing literature of 
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voice-to-text studies, and through developing and combining researchers’ assumptions of voice-to-text 

related to age, context of use, and usage habits.  

Each participant was either directly talking with the researcher in person in a predetermined meeting 

point (home, or at an external, relaxed atmosphere environment like a café), or the participant corresponded 

through texting or email. The structure of the interview follows a question and answer protocol, where the 

researcher asks a question about voice-to-text that is predetermined, and the participant responds. Each 

response was recorded underneath of the corresponding question, and everything was compiled into “take 

home points” that summarized findings that the researcher deemed as important. The full interview’s 

structure is included in Appendix A. 

The interview’s script followed a linear set of questions that were predetermined. The first question in 

the interview asks the participant’s age. The second interview question asks if the participant has ever used 

the voice-to-text feature on their phone. The third question asks the participant how they discovered or 

learned about the voice-to-text feature. The fourth question asks the participant which devices they use that 

have the voice to text feature. The fifth question explores if the participant does not use voice to text, why 

they do not use the feature. Sub-question related to question five asks if there are any times where the 

participant might not want to use the voice-to-text feature, and if there is anything that might want to make 

the participants use the feature in the future. A sixth question asks if the participant knows someone who 

uses the voice-to-text feature, the situations and environments in which they use the feature, and that 

person’s age and if they use voice-to-text around that participant. A seventh question asks the participant to 

describe and experience using the voice-to-text feature, and if there are other scenarios or circumstances 

that the participant would use the feature in, which situations the voice-to-text feature is helpful, if the 

participant feels that using the feature is a convenience or an inconvenience, what the participant thinks can 

improve the voice-to-text feature, and what they like about voice-to-text. An eight questions asks if the 

participant uses voice-to-text alone or around other people. Depending on the participant’s answer, the 

interviewer would then ask why the participant chooses to use the feature while they are alone or around 

others. A ninth question again asks if the participant can change anything about the voice-to-text feature, 

what would they change and why. 
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After the interview, we thanked the participants for their time. 

 

Experiment One: Results 

The qualitative survey illuminated some important beliefs the participants hold about using voice-to-

text systems.  

A major issue for the infrequent use of voice to text was because of the participants’ concern for their 

privacy. Another negative belief the participants hold about voice-to-text involves social etiquette, or how the 

participants believe what others think about them. One participant, upon being asked whether you use the 

feature while alone or with others, replied, “Don’t want people to think I am a crazy person”. I have extracted 

that this participant is concerned that talking to their phone without another person talking back would be 

seen as odd to other people. Another participant responded to the same question, “Honestly I would feel 

awkward, maybe a little embarrassed, to use it around other people.” Furthermore, a different participant 

explained that they do not use voice-to-text in public because “he doesn’t like to bother other people, “and I 

don’t like others to hear my texts.”. I have extracted from these statements that multiple participants hold the 

same belief that the decreased use voice-to-text is due to privacy issues. 

Another negative belief the participants held about using voice-to-text was that using voice-to-text 

was inaccurate at transcribing their voices. I have extracted this negative belief from the statement, “The 

forced dictation one must employ to ensure accuracy in V2T can  

become annoying in the company of others, especially when inevitable errors in transcription are 

made and repetition is necessary”. Another participant stated they would like to use voice to text more often, 

“...if it was better at understanding my voice. The system does not seem to learn more as it is used and 

stays static.”, showing that this participant also does not believe voice-to-text transcription is accurate. 

 

Experiment One: Discussion 

A main point that was found from conducting the qualitative interview was that multiple participants 

revealed the reason for not using voice-to-text or using it infrequently was because of privacy concerns. One 

participant described voice-to-text as, “odd, annoying, other people shouldn’t have to listen to my texts, and 
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it’s a breach of privacy”. I have extracted avoidance of using voice-to-text around others as a violation of 

privacy from this statement. Other participants have also cited privacy concerns, as well as not wanted to 

disturb others around them by talking to their phone to use voice-to-text as a violation of social etiquette. 

The participant who stated having to repeat what they say in public because the system did not recognize 

their voice is embarrassing explains a potential reason why users see voice input as a violation of social 

etiquette. 

The interview also highlighted the context people would use voice-to-text in, like while driving a 

vehicle, or in a situation where your hands are dirty (while cooking). This affirms an assumption I had that 

people typically use voice-to-text in the context of having their hands occupied. One participant mentioned 

that their aunt heavily used voice-to-text input because they are visually impaired, so exploring the use of 

voice-to-text with those who are physically disabled would further be useful. 

While we received information regarding preferences of using voice-to-text, Another limitation of this 

study was many of the participants described the qualitative interview’s questions as redundant, asking the 

same questions over and over again, potentially causing boredom with the interview, decreasing the quality 

of subsequent responses, or having an opposite effect where the participant would add more information 

each time the question was asked.  

Due to a low sample size, we decided a survey would need to be formulated in order to understand 

more information about V2T usage to get more quantifiable and more qualitative data from younger users 

and older users. 

 

Experiment Two: Qualitative Survey 

After the qualitative interview was conducted, we then formulated a qualitative survey based on our 

initial assumptions about voice-to-text. Additionally, potential questions were presented among the class via 

Slack’s chat function and were selected for the final survey depending relevancy to the research questions 

posed.  
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Experiment Two: Methods 

Participants 

We surveyed 59 total participants using the Qualtrics platform in order to reach a wider audience, 

resulting in a larger sample size. These participants were recruited through distributing the link to the survey 

through social media, email, and word of mouth through convenience sampling. 

 

Materials 

The survey that was conducted was comprised of 23 different items divided into four blocks. The first 

block serves as an introduction to the survey, one item long. The second block asks for demographic data 

from the participants, which is comprised on 11 different questions., the second block asks the participants 

about phone usage and whether they use voice to text the third block of questions asks about the context of 

using of voice-to-text as well as their ranking of features in terms of importance. 

 

Procedure 

The survey, in its entirety, is provided in Appendix B. 

The structure of the interview begins with the first few questions, which asked the participants about 

their demographics, including how old they are, is English their native language, and a self-evaluation of 

their English language ability.  

The structure then moves into questions about their beliefs and behaviors involving the use of cell 

phones. These questions ask how the participant types on their phone, if they have dexterity issues which 

makes typing on a cell phone difficult, how important their cell phone is to them, their cell phone upgrade 

behaviors, and which electronic communication devices the participants own. The questions also ask if the 

participants know about and use the personal dictionary feature on their phone, asks for a self-report of how 

quickly they can type on their phone, and how many text messages they send per week and per day. 

Next, the structure of the interview assesses the participants knowledge about voice-to-text. These 

questions ask if the participants have ever used V2T, and if they have not, why they do not use it, which 

devices they have used for voice-to-text, how often they use V2T, their personal experience with using V2T, 
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and which situations people are more or less likely to use V2T. The participants are then asked to estimate 

the speed of V2T compared to manual text entry, then finally, asked to rank how features determine whether 

the participant uses or does not use voice-to-text. 

Experiment Two: Results 

For the age question, three participants (5.08%) reported being in the below 18 years old bracket, 24 

participants (40.68%) comprised the biggest age bracket of 18-29 years of age, 9 (15.25%) participants are 

between the ages of 30-39, 3 participants (5.08%) are between the ages of 40-49 years of age, 8 (13.56%) 

of participants were between the ages of 50 and 59, 9 participants (15.25%) were between the ages of 60-

69, and finally, there were three (5.08%) participants who were above 70 years of age, totaling 59 

participants. 

When asked if English was the participant’s first (native) language, 54 (91.53%) of respondents 

replied “yes”, and 5 participants (8.47%) replied “no”.  

When asked about their dexterity and visual disorders, 47 (79.66%) participants have no problems 

that impair the use of their hands, while 16 (27.12%) complained of hand pain. 23 participants (39.66%) 

report that they have excellent vision, while 27 participants (45.76%) report not being able to see without 

their glasses. 

Regarding typing speed, 34 (57.63%) of participants report typing faster than the average user on a 

computer keyboard, 21 participants (35.59%) report being able to type faster than the average user on a 

smartphone. 26 participants out of 59 (44.83%) report often not hitting the right key when typing on a 

smartphone.  

When asked if the participants’ cell phone was important to them, 39 (67.24%) of participants 

agreed. 32 participants (55.17%) agreed that that they were very good with technology, while 11 participants 

(19.30%) agreed that they usually rely on others to help them with technology. Only 18 out of 59 participants 

(31.03%) love the idea of virtual assistants being able to be controlled by voice.  

We found that most of the participants own an iPhone (43, 74.14%), while 20 participants (40%) use 

an android device. 53 (92.98%) participants own a laptop computer, 33 (61.11%) participants own a desktop 
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computer, 32 participants (59.26%) own a tablet or iPad, and 17 (34.69%) participants own a virtual 

assistant (Alexa, Google Home, etc.) 

35.5% of participants surveyed have added custom words or phrases to the personal dictionary, 

32..2% know about the feature, but do not use it, and 32.2% of the participants do not even know what that 

feature means, an almost complete split.  

When asked to compare their cell phone typing speed against the average person, 16 (27.12%) 

participants answered that they typed “extremely well”, 12 (20.34%) reported “very well”, 20 (33.90%) 

reported “moderately well”, 9 (15.35%) reported “slightly well” and two (3.39%) reported “not well at all”.  

Participants were asked how they type on their phone. 14 participants (24.14%) reported that they 

always type with one index finger, six (10.34%) participants reported always typing with one thumb, 33 

participants (55.93%) reported always typing with both thumbs,  three participants (5.26%) reported typing 

with multiple fingers and thumbs, four participants (6.90%) reported typing using SWYPE instead of touch 

tapping, and one participant (1.72%) uses a different method for manual text entry. 

Participants were asked how often they send messages using smart devices. The answers were 

split, six participants (10.17%) reported sending text messages less than once a week, six participants 

(10.17%) reported sending text messages a few times a week, seven participants (11.86%) send 1-2 text 

messages a day, 13 (22.03%) participants send less than ten text messages per day, 16 (27.12%) 

participants send less than 50 text messages a day, and 11 participants (18.64%) report sending more than 

50 text messages in a day. 

Participants were asked whether they have used the voice-to-text feature. 12 participants (20.34%) 

report that they have never used V2T, 29 participants (49.15%) report using V2T a few times, and 18 

participants (30.51%) report often using voice-to-text. The participants who reported not using voice-to-text 

received a follow up question asking to describe why they did not use V2T, participants reported the 

following: “I often want to be quiet when I am texting (the environment may be sensitive, like a public setting, 

restaurant, or while i am watching tv with others). Voice-to-text would require me to speak aloud - and cause 

a disruption. Also, I am quite fast at typing manually, so I don't see a need to use voice-texting. The one 

thing that would be convenient enough to make me consider using voice-to-text would be if I could do so 
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while my phone is out of reach. I may do that while driving or while doing other tasks (cooking, caring for 

children, etc)”, “I have played with the feature before, but it doesn't always pick up what I am saying. Also, 

the feature isn't really good at picking up words/combination of words if they aren't "everyday words" (words 

that are used in specific fields, like engineering, computer science, medial)[...] The only way that I see 

myself using it is if I am forced to use it (meaning there is no other way to operate/use the device) or if 

enough things around my everyday life is using the feature. Or if something happens and I am physically 

needing the feature.”, “Did not think to use”, “Never really needed to. I can’t really think of one other than if I 

like lost my ability to type”, “Didn't see it available. The availability should be evident.”, There is often errors 

in the voice to text speech and I feel if I type then I am in control of what is written or spelled out.”, “Didn't 

know my phone had the capability a d (sic.) the voice recognition doesn't always match what was typed.” I 

have extracted privacy issues, accuracy issues with transcription, and discoverability issues from these 

statements. 

Participants were asked which devices they use for V2T. 15 (32%) of respondents used their phone, 

while two (6.45%) participants used their tablet, and one participant used their computer (2.27%). No other 

respondents answered the question. 

When the participants were asked how often they use V2T, 10 participants (21.28%) report using it 

often, 32 participants (68.09%) use V2T sometimes, and five participants (10.64%) reported using V2T 

never. When asked how often the participants needed to correct errors before sending a message, 26 

participants (55.32%) reported sometimes needing to correct errors, while 17 participants (36.17%) report 

often needing to correct errors. Additionally, 29 (61.70%) respondents reported that they often check for 

errors after using voice-to-text. When asked whether participants enjoyed using voice-to-text, 12 participants 

(26.09%) reported often enjoying V2T, 28 participants (60.87%) reported sometimes enjoying V2T, and six 

participants (13.04%) reported never enjoying voice to text. 

When the participants were asked if they think that voice-to-text is slower overall than regular 

texting, 16 participants (34.78%) reported that they agree, 14 participants neither agreed nor disagrees, and 

16 participants disagreed. When asked whether voice to text is more efficient to use, 10 participants 

(21.74%), agreed, 23 participants (50%) neither agreed nor disagreed, and 13 (28.26%) disagreed. 
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When asked whether the participants modify what they say to make it easier for the voice-to-text 

system to understand them, 30 participants (65.22%) agreed. In addition, 30 participants (65.22%) and 24 

participants (52.17%) speak more slowly and louder respectively when they use voice-to-text. 

When asked whether the participants find the accuracy of voice-to-text good, only 7 participants 

(15.22%) agreed, 27 participants (58.70%) neither agreed nor disagreed, and 12 participants (26.09%) 

disagreed with the statement. 

When the participants were asked where they are most likely to use voice-to-text, 48 (82.76%) of 

participants use V2T while driving alone, 13 (22.41%) reported while driving with a friend or family member, 

25 (43.10%) participants reported when sending a short message, 24 (41.38%) participants reported when 

sending a long message, two participants (3.45%) reported while using public transportation, 10 participants 

(17.24%) reported while taking a walk in nature, eight participants (13.79%) reported while shopping, and 34 

participants (58.62%) report using V2T while home alone, and 36 participants (62.07%) report using V2T 

while cooking. 

 

Experiment Two: Discussion 

The survey provided interesting results about users’ beliefs about voice-to-text technology and 

manual text entry.  

Analyzing the question which asked how the participants typed on the phone, we found that over 

24% of the participants type using one index finger, which is a surprising result given how slow the text entry 

is. Looking even further into the data, I have discovered that every response that selected that they “always” 

use one index finger to type also fits into the 31 years of age + bracket. This highlights the need for voice-to-

text input for these users, as using voice input versus manual input is hypothesized to result in faster input 

than typing each letter serially. In addition, almost a third of participants complain of hand pain. The cause of 

the hand pain is unclear; however, this can be hypothesized by using devices like cell phones and computer 

keyboards, or disorders and diseases like Lupus and Arthritis. This information might be a deciding factor of 

speed between the age groups, where young people tend to type with two thumbs. How fast the participants 

actually create and send text messages using voice-to-text will be discussed in the third study. 
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Almost half of the participants reported often making errors while typing on a cell phone. A further 

study will include the participant’s error rate typing via manual text entry versus voice-to-text because we 

postulate that the amount of errors for voice-to-text entry will be actually less than errors made while 

manually texting. 

About a third of the participants did not know about the personal phone dictionary feature on cell 

phones, which could be extrapolated to their knowledge of voice-to-text, and the breadth of voice commands 

available to them. This draws the question of how discoverable these voice-to-text commands are. A 

surprising 20% of participants have never used voice-to-text entry, meaning there is an issue with 

discoverability with the feature, as my assumption going into the survey was that most people have at least 

tried voice-to-text out. The results of the fill in the blank question by participants who have never use voice-

to-text also confirm this suspicion, as multiple participants reported not even knowing that the feature was 

available to them on their phone. 

Issues with the accuracy of transcription of voice-to-text was brought up multiple times by the 

participants’ responses, showing that the participants hold negative beliefs regarding the amount of 

accuracy V2T has. Over half of participants also agree that they must enunciate more slowly when using 

voice-to-text, showing that the participants believe that slowing their enunciation will also help increase the 

accuracy of transcription. In addition, over 65% of participants report modifying their speech to make the 

device transcribe speech more accurately. This brings up an issue of if the amount of added effort involved 

in modifying natural speech to be picked up by the V2T system makes it less likely for people to use the 

system. Over half of the participants reported needing to correct errors manually after using voice-to-text, 

also showing how inaccurate the system is in the participant’s experience. 

The participants also illuminated privacy issues of having others around them hear what they say 

into their phone, which mirrors the results from the qualitative interview. The questions asking the 

environment participants use voice-to-text, they report using it mostly when they are alone, whether driving 

alone, while cooking, or home alone in general, and use V2T less when in the presence of strangers like 

while using public transportation, or while shopping. 
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It was found that most participants use their phone to use voice-to-text, which confirms assumptions 

that the primary device where voice-to-text is used is a cell phone. 

In order to explore our research questions more quantifiably, an experimental research study was 

developed to assess the performance and efficiency of typing with both manual text entry and voice-to-text 

entry. During this stage of our research, our research began to focus on age as an important construct 

involved in voice-to-text usage, so we developed the experimental study with this information in mind. 

 

Experiment Three: Experimental Study 

The third and final portion of our overall study on voice-to-text was an experimental study to explore 

different age groups’ (young versus old) efficiency during a manual text entry condition, and a voice-to-text 

entry condition. Efficiency refers to both the speed and accuracy of text entry. This study was conducted to 

avoid biases involved in only measuring the constructs with a single method. 

Experiment Three: Methods 

Participants 

37 participants were recruited by students of the PSYC 512: Research Methods class. The 

participants were classified as either young or old, with participants over 31 years of age classified as “old”, 

and participants under the age of 31 classified as “young”. There were 22 members of the age category 

“young” and 15 participants who were coded to be in the “old” category. The participants were friends and 

family of the students, with each student recruiting at least two participants, one young (under 31 years of 

age) or older (over 31 of age) through convenience sampling. There was no random assignment in the 

experimental design. The participants were all able bodied, and all owned and were familiar with using their 

own cell phones. 

 

Materials 

The materials used in the study included a stopwatch or a device with a stopwatch function that 

could record time up to a tenth of a second. Additionally, sheets of white letter paper for printing out text 

messages used in this experiment was required.  
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Each participant used their own cell phone with voice-to-text available. We have decided that cell 

phone familiarity among the participants were more important than using a single model of cell phone. 

The participants were asked to input six different text messages, three which invite the participant to 

use abbreviations, and three which do not. Each text message is about 60-70 characters in length, to control 

for one text message being substantially longer than another text message, making the message with more 

characters inherently longer to type out. To also account for disparities in input time, the messages were 

constructed specifically to be unoffensive and neutral in tone and included relatively common words in the 

English language to account for differences in recognition by the devices. 

 

Procedure 

First, the researcher must prepare the materials before assessing the participant. The two practice 

text messages and the text messages used during the 12 trials must be randomized to control for any order 

effects. This was done either manually through writing down the question numbers on scraps of paper and 

drawing them randomly, through excel, or through another digital random generator. Once the message 

order number is randomized, the researcher must print the text messages out on white sheets of ANSI letter 

paper. The order of the questions and whether the trial will involve manual entry or voice-to-text is recorded 

onto a data matrix sheet that is handwritten then transcribed into the Excel spreadsheet, or typed directly 

into the Excel spreadsheet, depending on the experimenter’s preference. 

The participants are informed that they will enter simple text messages into their voice using both 

manual input, and voice-to-text, and must complete this task as quickly and as accurately as they can. In 

addition, the participants were informed that they may abbreviate the text messages provided, but only if the 

abbreviation results in the same punctuation and the same reading as the original message. For example, 

for the message, “I am looking forward to seeing you tomorrow. Talk to you later”, “I am looking 4ward 2 

seeing you tmw. TTYL” is acceptable, but “looking 4ward 2 seeing you” is not because it does not include 

punctuation (the period) and does not contain all of the words of the original message (no “Talk to you later.” 

is included).  
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The participant is instructed before each trial to use either manual text entry with their fingers/thumbs 

on a trial or use voice-to-text input. After the message is inputted, the participant then sends the text 

message to the experimenter through SMS. Four practice trials were conducted prior to the 12 experimental 

trials, where the participant must use voice-to-text on two different sentences and two practice trials 

involving the same two sentences using manual text entry. 

During each of the 12 experimental trials, the experimenter recorded participant data on a data 

matrix in Excel. This includes information about the experimenter’s name, the participant’s age, how many 

texts the participant sends per day, if the participant uses voice-to-text, which phone the participant uses to 

type on, and how the participant physically types on the phone. These questions were selected from the 

previous study’s survey for the experimenters to have with them for reference.  

The experimented timed each participant on their speed while inputting text for each trial, and 

promptly recorded the time in the data matrix, then moved onto the next trial until all 12 experimental trials 

were complete. Before thanking the participants for their time, the experimenter asked for any comments 

about the experiment, which were recorded in a text box below the participant’s data. Any comments the 

experimenter had about the study were recorded in the comments text box as well. 

After the study was conducted, the experimenters later recorded the messages that were sent to 

them in the data matrix, as the participants being present was not necessary. The number of abbreviations 

used per message, if any, and number of errors made compared to the original message were recorded as 

well. 

Experiment Three: Results 

Age Category Against Texting Mode and Message Type 

We performed a 2 x 2 x 2 MANOVA for this study, with the within-subjects factors being the texting 

time for the different modes of input (voice-to-text vs. manual text entry) and the message type (message 

type 1: does not invite abbreviations vs. message type 2: invites abbreviations), and the between-subjects 

factor is age category (young participants vs. older participants). 

Descriptive statistics were run for the MANOVA. The younger participants’ manual text entry type 2 

(invites abbreviations) speed was higher than their manual text entry type 1 speed (does not invite 
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abbreviations), M = 13.95 SD= 3.03 versus M =14.11 SD= 3.9. Older participants overall had lower manual 

text entry speeds for both type 2 and type 1 message types than the younger participants, with message 

type 2 showing faster texting speeds than type 1. M=26.25 SD= 6.96 for message type 2 and M= 28.67 SD= 

8.39 for message type 1. 

The younger participants’ texting time for V2T entry, message type 2 variant was lower (M =5.96 

SD=1.43) than their V2T entry message type 2 speed (M =6.73 SD= 1.75). Old participants had larger 

texting times for V2T text entry, compared to the young participants. For older participants, their texting time 

using V2T was also lower during trials using message type 2 (M= 8.10 SD= 2.62) than during trials using 

message type 1 (M= 8.69 SD= 2.78).  

The main effect of texting mode was significant, F(1,35)=208.70, p<.001, eta-squared = .86. 

The main effect of whether the text message was able to be abbreviated was also significant (coded 

as “Abbrevability”), F(1,35)=13.67, p<.001, eta-squared = .28. 

The interaction effect of texting mode and the age category (young vs. old) was significant, 

F(1,35)=37.72, p<.001, eta-squared = .52. 

The interaction between whether the message could be abbreviated and the age category was 

found to be not statistically significant, F(1,35)=3.7, p>.05, eta-squared = .98. 

The interaction between the texting mode and abbrevability was found to be not significant, F(1,35)= 

1.25, p>.05, eta-squared = .34. 

Finally, the interaction between the texting mode, the abbrevability, and the age category was found 

to be statistically significant, F(1,35)= 4.99, p<.05, eta-squared = .13 
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  Descriptive Statistics   

Texting Time Age Category Mean Std. Deviation N 

Manual Message Type 1 Young 14.112575757575755 3.925465487420479 22 

Old 28.673555555555556 8.393018022999327 15 

Total 20.015675675675677 9.429271205779310 37 

Manual Message Type 2 Young 13.950909090909091 3.030322626199267 22 

Old 26.253555555555554 6.961193619901448 15 

Total 18.938468468468470 7.854897528411718 37 

V2T Message Type 1 Young 6.728030303030304 1.755296341850927 22 

Old 8.693111111111111 2.778588903795646 15 

Total 7.524684684684685 2.399253029263850 37 

V2T Message Type 2 Young 5.956515151515150 1.425432813607399 22 

Old 8.104888888888887 2.621848029529379 15 

Total 6.827477477477477 2.236512718304803 37 

Table 1. Descriptive Statistics of texting time against texting mode, message type (1=message does not 

invite abbreviations, 2=message invites abbreviations), and age category. 
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Multivariate Testsa 

Effect Value F Hypothesis df Error df 

Texting Mode Pillai's Trace .856 208.696b 1.000 35.000 

Wilks' Lambda .144 208.696b 1.000 35.000 

Hotelling's Trace 5.963 208.696b 1.000 35.000 

Roy's Largest Root 5.963 208.696b 1.000 35.000 

Texting Mode * Age Category Pillai's Trace .519 37.726b 1.000 35.000 

Wilks' Lambda .481 37.726b 1.000 35.000 

Hotelling's Trace 1.078 37.726b 1.000 35.000 

Roy's Largest Root 1.078 37.726b 1.000 35.000 

Abbrevability Pillai's Trace .281 13.660b 1.000 35.000 

Wilks' Lambda .719 13.660b 1.000 35.000 

Hotelling's Trace .390 13.660b 1.000 35.000 

Roy's Largest Root .390 13.660b 1.000 35.000 

Abbrevability * Age Category Pillai's Trace .098 3.786b 1.000 35.000 

Wilks' Lambda .902 3.786b 1.000 35.000 

Hotelling's Trace .108 3.786b 1.000 35.000 

Roy's Largest Root .108 3.786b 1.000 35.000 

Texting Mode * Abbrevability Pillai's Trace .034 1.249b 1.000 35.000 

Wilks' Lambda .966 1.249b 1.000 35.000 

Hotelling's Trace .036 1.249b 1.000 35.000 

Roy's Largest Root .036 1.249b 1.000 35.000 

Texting Mode * Abbrevability 

* Age Category 

Pillai's Trace .125 4.988b 1.000 35.000 

Wilks' Lambda .875 4.988b 1.000 35.000 

Hotelling's Trace .143 4.988b 1.000 35.000 

Roy's Largest Root .143 4.988b 1.000 35.000 

Table 2. Multivariate tests for the factors texting mode (manual vs V2T), abbrevability (message invites 

abbreviations or not), and age category. 
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Multivariate Testsa 

Effect Sig. Partial Eta 

Squared 

Noncent. 

Parameter 

Texting Mode Pillai's Trace .000 .856 208.696 

Wilks' Lambda .000 .856 208.696 

Hotelling's Trace .000 .856 208.696 

Roy's Largest Root .000 .856 208.696 

Texting Mode * Age Category Pillai's Trace .000 .519 37.726 

Wilks' Lambda .000 .519 37.726 

Hotelling's Trace .000 .519 37.726 

Roy's Largest Root .000 .519 37.726 

Abbrevability Pillai's Trace .001 .281 13.660 

Wilks' Lambda .001 .281 13.660 

Hotelling's Trace .001 .281 13.660 

Roy's Largest Root .001 .281 13.660 

Abbrevability * Age Category Pillai's Trace .060 .098 3.786 

Wilks' Lambda .060 .098 3.786 

Hotelling's Trace .060 .098 3.786 

Roy's Largest Root .060 .098 3.786 

Texting Mode * Abbrevability Pillai's Trace .271 .034 1.249 

Wilks' Lambda .271 .034 1.249 

Hotelling's Trace .271 .034 1.249 

Roy's Largest Root .271 .034 1.249 

Texting Mode * Abbrevability * 

Age Category 

Pillai's Trace .032 .125 4.988 

Wilks' Lambda .032 .125 4.988 

Hotelling's Trace .032 .125 4.988 

Table 3. Multivariate tests for the factors texting mode, abbrevability, and age category. Significance and 

Partial Eta Squared included. 
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Abbreviation Rate Against Age Category and Texting Mode 

 A second MANOVA was run, this time using the factor abbreviation usage rate against age category 

and texting mode. 

Descriptive Statistics 

 
Age Category Mean Std. Deviation N 

Abbreviation Rate for Manual 

Message Type 1 

Young .030303030303030 .09808164772

2750 

22 

Old .066666666666667 .18687063686

0463 

15 

Total .045045045045045 .13971227404

7485 

37 

Abbreviation Rate for Manual 

Message Type 2 

Young .318181818181818 .43005195609

9126 

22 

Old .244444444444444 .38763971708

8626 

15 

Total .288288288288288 .40947242601

6292 

37 

Abbreviation Rate for V2T Message 

Type 1 

Young .090909090909091 .21036169863

3673 

22 

Old .022222222222222 .08606629658

2387 

15 

Total .063063063063063 .17280971190

8397 

37 

Abbreviation Rate for V2T Message 

Type 2 

Young .00 .000 22 

Old .00 .000 15 

Total .00 .000 37 

Table 4. Descriptive statistics for the second MANOVA, factors are abbreviation rate, texting mode, and age 

category. 

 

Descriptive statistics were run on this MANOVA.  The younger participants’ abbreviation rate for 

trials using manual text entry message type 1 (message does not invite abbreviations) was lower (M =.03 

SD= .09) than the abbreviation rate for the trials using manual text entry message type 2 (message invitees 

abbreviations) (M = .32 SD= .43). Older participants had a similar result, where the abbreviation rate of 
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manual text entry type 1 was M= .07 SD= .19, and abbreviation for manual entry type 2 was M= .24 

SD= .39. 

For V2T entry, the abbreviation rate for younger participants was higher for message type 2 (M = 0 

SD= 0) than type 1 (M =.09 SD= .21).  The abbreviation rate for V2T text entry in older participants was also 

higher for message type 2 (M= .02 SD= .09) than for message type 1 (M= 0 SD= 0). 

Multivariate Testsa 

Effect Value F Hypothesis df Error df 

Abbreviation Rate Pillai's Trace .246 11.400b 1.000 35.000 

Wilks' Lambda .754 11.400b 1.000 35.000 

Hotelling's Trace .326 11.400b 1.000 35.000 

Roy's Largest Root .326 11.400b 1.000 35.000 

Abbreviation Rate* Age 

Category 

Pillai's Trace .001 .037b 1.000 35.000 

Wilks' Lambda .999 .037b 1.000 35.000 

Hotelling's Trace .001 .037b 1.000 35.000 

Roy's Largest Root .001 .037b 1.000 35.000 

Texting Mode Pillai's Trace .163 6.839b 1.000 35.000 

Wilks' Lambda .837 6.839b 1.000 35.000 

Hotelling's Trace .195 6.839b 1.000 35.000 

Roy's Largest Root .195 6.839b 1.000 35.000 

Texting Mode * Age Category Pillai's Trace .003 .094b 1.000 35.000 

Wilks' Lambda .997 .094b 1.000 35.000 

Hotelling's Trace .003 .094b 1.000 35.000 

Roy's Largest Root .003 .094b 1.000 35.000 

Abbreviation Rate * Texting 

Mode 

Pillai's Trace .283 13.802b 1.000 35.000 

Wilks' Lambda .717 13.802b 1.000 35.000 

Hotelling's Trace .394 13.802b 1.000 35.000 

Roy's Largest Root .394 13.802b 1.000 35.000 

Abbreviation Rate * Texting 

Mode * Age Category 

Pillai's Trace .036 1.317b 1.000 35.000 

Wilks' Lambda .964 1.317b 1.000 35.000 

Hotelling's Trace .038 1.317b 1.000 35.000 

Roy's Largest Root .038 1.317b 1.000 35.000 

Table 5. Multivariate Tests for abbreviation rate, texting mode, and age category. 

Multivariate Testsa 

Effect Sig. Partial Eta 

Squared 

Noncent. 

Parameter 
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Abbreviation Rate Pillai's Trace .002 .246 11.400 

Wilks' Lambda .002 .246 11.400 

Hotelling's Trace .002 .246 11.400 

Roy's Largest Root .002 .246 11.400 

Abbreviation Rate * Age Category Pillai's Trace .848 .001 .037 

Wilks' Lambda .848 .001 .037 

Hotelling's Trace .848 .001 .037 

Roy's Largest Root .848 .001 .037 

Texting Mode Pillai's Trace .013 .163 6.839 

Wilks' Lambda .013 .163 6.839 

Hotelling's Trace .013 .163 6.839 

Roy's Largest Root .013 .163 6.839 

Texting Mode * Age Category Pillai's Trace .760 .003 .094 

Wilks' Lambda .760 .003 .094 

Hotelling's Trace .760 .003 .094 

Roy's Largest Root .760 .003 .094 

Abbreviation Rate * Texting Mode Pillai's Trace .001 .283 13.802 

Wilks' Lambda .001 .283 13.802 

Hotelling's Trace .001 .283 13.802 

Roy's Largest Root .001 .283 13.802 

Abbreviation Rate * Texting Mode 

* Age Category 

Pillai's Trace .259 .036 1.317 

Wilks' Lambda .259 .036 1.317 

Hotelling's Trace .259 .036 1.317 

Roy's Largest Root .259 .036 1.317 

Table 6. Multivariate Tests for abbreviation rate, text mode, and age category. Significance and eta squared 

values. 

The main effect of abbreviation rate was significant, F(1,35)= 11.4, p<.002, eta-squared = .25. 

The main effect of text mode was found to be statistically significant, F(1,35)= 6.83, p<.05, eta-

squared = .16. 

The interaction between abbreviation rate and text mode was found to be statistically significant, 

F(1,35)= 13.80, p<.001, eta-squared = .28. 

The interaction between abbreviation rate and age category was found to be not statistically 

significant, F(1,35)= .04, p>.05, eta-squared = .001. 
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The interaction between text mode and age category was also found to be not statistically 

significant, F(1,35)= .09, p>.05, eta-squared = .003. 

The interaction between abbreviation rate, text mode, and age category was found to be not 

statistically significant, F(1,35)= 1.31, p>.05, eta-squared = .03. 

 

Error rate Against Age Category 

A third MANOVA was conducted to examine the factor of error rate across different age categories 

and texting modes. 

Descriptive statistics were run on this MANOVA (see Table 7). The error rate for manual text entry 

message was higher during trials using message type 1 was M=.80 SD= 1.00, compared to the error rate for 

manual text entry message type 2 (M = .62 SD= .74). For older participants, the error rate of manual text 

entry type 1 was higher (M= .91 SD= 1.12) than the error rate for manual entry message type 2 (M= .71, 

SD= .91). 
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Descriptive Statistics 

 
Age Category Mean Std. Deviation  N 

Errors for Manual 

Message Type 1 

Young .80303030303030

3 

1.0008413968674

07 

22 

Old .91111111111111

1 

1.1231098171486

44 

15 

Total .84684684684684

7 

1.0381446965995

37 

37 

Errors for Manual 

Message Type 2 

Young .62121212121212

1 

.74390258326682

4 

22 

Old .71111111111111

1 

.91605318576676

5 

15 

Total .65765765765765

8 

.80693937266138

6 

37 

Errors for V2T Message 

Type 1 

Young .81818181818181

8 

.73266399993212

2 

22 

Old .88888888888888

9 

1.0665674557036

41 

15 

Total .84684684684684

7 

.86991767240168

0 

37 

Errors for V2T Message 

Type 2 

Young .57575757575757

6 

.92113237294367

7 

22 

Old .73333333333333

3 

1.1965559041457

41 

15 

Total .63963963963964

0 

1.0285383923597

07 

37 

Table 7. Descriptive statistics for the third MANOVA, error rate. 

For the younger participants, the error rate for V2T entry type 1 was higher than the error rate for 

V2T entry type 2, M= .81, SD= .73 versus M= .58 SD= .92 respectively. For the old participants, the error 

rate for V2T entry type 1 was higher than the error rate for V2T entry type 2, M= .89 SD= 1.07 versus M= .73 

SD= 1.19 respectively. 
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Multivariate Testsa 

Effect Value F Hypothesis df Error df 

Texting Mode Pillai's Trace .000 .002b 1.000 35.000 

Wilks' Lambda 1.000 .002b 1.000 35.000 

Hotelling's 

Trace 

.000 .002b 1.000 35.000 

Roy's Largest 

Root 

.000 .002b 1.000 35.000 

Texting Mode * Age Category Pillai's Trace .000 .002b 1.000 35.000 

Wilks' Lambda 1.000 .002b 1.000 35.000 

Hotelling's 

Trace 

.000 .002b 1.000 35.000 

Roy's Largest 

Root 

.000 .002b 1.000 35.000 

Errors Pillai's Trace .046 1.706b 1.000 35.000 

Wilks' Lambda .954 1.706b 1.000 35.000 

Hotelling's 

Trace 

.049 1.706b 1.000 35.000 

Roy's Largest 

Root 

.049 1.706b 1.000 35.000 

Errors * Age Category Pillai's Trace .000 .013b 1.000 35.000 

Wilks' Lambda 1.000 .013b 1.000 35.000 

Hotelling's 

Trace 

.000 .013b 1.000 35.000 

Roy's Largest 

Root 

.000 .013b 1.000 35.000 

Texting Mode * Errors Pillai's Trace .000 .001b 1.000 35.000 

Wilks' Lambda 1.000 .001b 1.000 35.000 

Hotelling's 

Trace 

.000 .001b 1.000 35.000 

Roy's Largest 

Root 

.000 .001b 1.000 35.000 

Texting Mode * Errors * Age 

Category 

Pillai's Trace .001 .035b 1.000 35.000 

Wilks' Lambda .999 .035b 1.000 35.000 

Hotelling's 

Trace 

.001 .035b 1.000 35.000 

Roy's Largest 

Root 

.001 .035b 1.000 35.000 
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Table 8. Multivariate Tests for error rate, text mode, and age category. 

Multivariate Testsa 

Effect Sig. Partial Eta 

Squared 

Noncent. 

Parameter 

Texting Mode Pillai's Trace .965 .000 .002 

Wilks' Lambda .965 .000 .002 

Hotelling's Trace .965 .000 .002 

Roy's Largest Root .965 .000 .002 

Texting Mode * Age Category Pillai's Trace .965 .000 .002 

Wilks' Lambda .965 .000 .002 

Hotelling's Trace .965 .000 .002 

Roy's Largest Root .965 .000 .002 

Errors Pillai's Trace .200 .046 1.706 

Wilks' Lambda .200 .046 1.706 

Hotelling's Trace .200 .046 1.706 

Roy's Largest Root .200 .046 1.706 

Errors * Age Category Pillai's Trace .909 .000 .013 

Wilks' Lambda .909 .000 .013 

Hotelling's Trace .909 .000 .013 

Roy's Largest Root .909 .000 .013 

Texting Mode * Errors Pillai's Trace .977 .000 .001 

Wilks' Lambda .977 .000 .001 

Hotelling's Trace .977 .000 .001 

Roy's Largest Root .977 .000 .001 

Texting Mode * Errors * Age 

Category 

Pillai's Trace .852 .001 .035 

Wilks' Lambda .852 .001 .035 

Hotelling's Trace .852 .001 .035 

Roy's Largest Root .852 .001 .035 

Table 9. Multivariate Tests for error rate, texting mode, and age category. Significance and Eta squared 

values. 

 
The multivariate tests performed showed no statistically significant results for any of the two main 

effects (text mode, errors), nor the four interaction effects (text mode and age category, errors and age 

category, text mode and errors, and text mode/errors/age category). 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 177 

Experiment Three: Discussion 

The main effects for both texting mode and abbrevability were found to be statistically significant, 

moreover, the interaction between text mode and age category was also found to have clear, statistical 

significance. Therefore, the results of the first MANOVA confirms our first hypothesis that voice-to-text entry 

is faster than manual text entry (See Table 1) 

 In addition, the clear interaction between age and texting time and mode also confirmed our 

hypothesis that younger people enter text more quickly than older people (see Figure 1). The means of 

manual text entry times between young and old participants varied greatly. Voice to text also differed, with 

lower mean text entry times again being lower than old participants, however the amount of variability 

between the groups was remarkably smaller between them, compared to the manual text entry condition. 

 

Figure 1. Interaction between texting mode (1=V2T, 2= manual text entry) and age category (1= young, 

2=old). The dependent measure was texting time. 

 

 An interesting finding was that abbreviations were rarely used, even for the text message type 1 

condition, where using abbreviations was invited by the structure of the message. Additionally, these 
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abbreviations were even less frequently used for the voice-to-text conditions. Foreseeably, none of the 

participants used text message abbreviations for the text message type 2 condition, where the message 

structure did not invite the use of text message abbreviations. The findings of the second MANOVA confirms 

our third hypothesis that using abbreviations in text result in faster texting times than not using them. 

 Another finding that I found interesting was that the amount of errors did not differ significantly 

between texting modes or age. These findings are disparate with the negative belief of the accuracy being 

worse with voice-to-text compared to manual text entry. 

A limitation of this study has to do with the formulation for the text messages the participants had to 

type during each trial. According to the results, the participants did not use abbreviations as often as we 

expected in neither manual text entry, nor voice-to-text. This shows that there is an issue with the construct 

validity for the text messages which invite abbreviations, and text messages that do not invite abbreviations. 

Having a manipulation check in a pilot study would have identified issues with the text messages formulated 

for this study. A suggestion for improving this experimental study is to look at young people’s text messages 

and find potential patterns of their use of abbreviations to improve the validity of this construct. The choice of 

abbreviations was pulled from an article from Slate magazine. Perhaps the issue with the text message 

abbreviations selected were not natural because of changing use of abbreviations in young people. For 

example, a teen might not use “ROTFL” and think the abbreviation is outdated, while a fourty-year-old 

person might use that abbreviation daily, or think younger people use abbreviations that way.  

Another limitation of the study was ambiguity in the study’s protocol, especially in coding errors. A 

few students brought up questions of whether “Im” versus “I’m” is an error due to a missing apostrophe, or 

adding an extra letter is one error, or multiple errors due to misaligning the rest of the word with the prompt. 

This is an issue of the researchers having disagreeing operational definitions of what an error is, which in a 

future study, should be defined more clearly in the protocol.  

Another issue was the use of homophones in the supplied text messages, which should have been 

avoided in order to reduce ambiguity while inputting data via voice-to-text. One of the text messages had the 

word “You are”, which in some cases in the trial, the voice-to-text system transcribed as “Your”, creating an 

error. 
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Overall Discussion 

Going into this research study, my assumption was that the context in which voice-to-text is used 

matters. I postulated that voice-to-text is not typically used in an environment where the user has use of both 

of their hands, and they are not taking place in tasks which divide visual attention, but rather in an 

environment where the user’s hands are occupied, and their visual attention is divided among tasks, such as 

while driving or cooking. Additionally, I assumed those with disabilities involving a decrease in hand dexterity 

will use voice-to-text more often. 

All three proposed hypotheses were confirmed by the first experimental study. Text entry for both 

voice-to-text and manual input was faster for younger people than for older people, but the difference 

between means were more significant during the manual text entry condition than the voice-to-text condition. 

This was surprising because the older people and the young people had disparate times for manual text 

entry, for example mean text time for manual text entry message type 1 was 14.11s for young people, and a 

larger mean, 28.67s for older people. This could be explained by a multitude of factors, such as decrease in 

hand dexterity, or texting style. Interestingly, according to the survey data, every participant who reported 

using only one index finger to type were a part of the old age category, potentially explaining the higher 

texting speed for older participants. These findings allude to advertising to people of all ages how fast voice-

to-text entry is, compared to manual text entry. While we found that users typically will not use voice to text 

in a public environment due to privacy concerns and not disturbing others, voice-to-text entry can be used in 

private to send text messages more quickly. 

The use of abbreviations in the text messages during the experimental study were lower than 

expected. The text messages formulated for this study were done so in a way that one type of message was 

able to be abbreviated, based on a list of common texting abbreviations from Slate magazine, and the 

second message type was formulated to disallow usage of texting abbreviations. We were surprised by the 

lack of abbreviation usage, especially in the manual texting condition. As discussed earlier, there most likely 

is a problem with construct validity for the abbreviations used in formulating the text messages, indicating 
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that these abbreviations are not natural for users. This could be due to the sources used in message 

formulation that did not accurately capture actual text abbreviations in use today. 

An interesting finding in this study was while people hold negative beliefs about using voice-to-text 

systems, entering text through using voice-to-text was found to be significantly faster than manual text entry 

for both age groups, and was found to have similar amounts of accuracy. What many of the classmates, 

including myself, have found was that some of the participants who took part in the experimental study did 

not know or realize that voice input is significantly faster compared to manual text entry. One participant, 

who only typed using one index finger, explained in the comment box that, “V2T seems faster for these 

sentences”.  

An interesting concept to explore is why people hold such negative beliefs of voice-to-text. There 

may be a possibility that people who have used voice-to-text a decade ago, when speech recognition 

technology was not as refined, may have held negative beliefs about voice-to-text from their previous 

experiences or word of mouth from others who have interacted with more primitive speech technology, 

causing an anchoring effect. 

We have also discovered an issue with discoverability of voice-to-text, where participants indicated 

during the interviews that they never heard of using voice-to-text. Perhaps there is little advertising of voice-

to-text, showing how quick and reliable it is as a text input method. Participants have indicated that other 

people, like their friends or children have shown them how to use the feature.  

On both the survey and the experimental study, the gender of the participants was not disclosed, but 

during the structured qualitative interview, gender was one of the questions asked. A future study can not 

only look at age and voice-to-text usage, but also gender and voice-to-text usage. Would those identifying 

as female be more likely to use voice-to-text due to sociocultural reasons? Would females be quicker at text 

entry than males? Understanding the underlying reasons for voice-to-text usage more in depth across more 

dimensions will allow the technology to become more widespread and known. 

A major limitation to this study was that there was confusion amongst the experimenters regarding 

protocol, where an experimenter would run an experiment using one revision of a protocol, but another 

would run participants through trials using a newer version of the protocol. Another inconsistency with 
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protocol was coding errors during the experimental study. The protocol was vague in how to score errors, 

potentially altering the validity for the data representing the number of errors during each trial. Due to the 

time limitations of this study, this was unavoidable, but during future studies, having a consistent protocol 

across all participants and experimenters will be important. If we had more time to complete the project, the 

limitations discussed previously would most likely be eliminated.  
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Abstract 

This is a literature review exploring the history and development of heart rate monitoring (HRM) 

devices, starting from the beginning of time, to recent history. Then, some smart design considerations for 

the development of heart rate monitors are discussed. The use of heart rate monitoring devices is then 

discussed, detailing their use for different applications in the field of human factors. First, HRM’s 

instrumentation in measuring mental workload will be discussed. Second, the HRM’s usage measuring the 

user’s general physical effort on a task is examined. Then, the HRM’s use in measuring a user’s affect in a 

human-computer interaction context is explored. The literature review concludes with a brief section 

imagining the future developments for HRMs and their future utility in the human factors field. 

Keywords:  heart rate monitor, HRM, human factors, medical human factors 
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The History and Use of Heart Rate Monitors in Human Factors: A Literature Review 

Methods for assessing one’s heart rate have existed for millennia, some more low tech than others. 

In fact, mere centuries ago, doctors would listen to a patient’s heart rate and rhythm by simply placing their 

ear against the patient’s chest (Achten and Jeukendrup, 2003). Today, the development of heart monitoring 

equipment progressed as far as wireless technology, letting the health care team know about the status of 

the patient without having to visit them in their room.   

Heart rate monitors (HRM) are a category of device that is not just used in one application for one 

purpose—the HRM has a wide utility for a variety of applications. According to Achten and Jeukendrup 

(2003), heart rate monitors are used prominently in the exercise sciences and in recreational exercise for the 

typical home consumer. Users including both amateur and professional athletes measure their heart rate 

using personal wearable heart monitoring devices equipped with advanced features such as maximal 

oxygen uptake and calorie counting features to provide a guide for the intensity of their workouts. The 

application of heart rate monitors extends greatly beyond exercise—the field of human factors uses heart 

rate monitors as a method of collecting physiological data in field experiments. The applications for 

assessing heart rate ranges from assessing physical workload during a task to see if the individual is 

performing the task safely and efficiently, to evaluating products during the product lifecycle as a way to 

gauge affect.  The field of medicine also use heart rate monitors for monitoring patient’s heart health and are 

a main driving force in developments, along with the exercise sciences field, in the development of 

unobtrusive and precise heart monitors. 

This literature review will examine the history and development of the heart rate monitor, usability 

and design considerations for developing HRMs, applications and instrumentation for the field of human 

factors, and future implications and developments for the device. 

 

The History and Use of the Heart Rate Monitor (HRM) 

While humans have known of the existence of the heart since the time of the Egyptians, where the 

heart is pictured on papyrus paper, being weighed by the god Anubis due to the Egyptian religious belief that 

the soul was the contained in the heart, and the ancient Greeks, who regarded the heart as the source of 
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heat in the body, the heart’s anatomy and physiology was mostly unknown until the 20th century, save for the 

renaissance era’s drawings of the heart by anatomists and artists after completing dissections (The 

University of Sydney, n.d.). In those times, the liver was understood to pump blood throughout the body in a 

centrifugal matter, and blood was understood to dissipate at the ends of veins and arteries, rather than 

circulate in a closed system (Aird, 2011). It was not until the 17th century, in 1628, when the understanding of 

how the heart pumps blood throughout the body in a closed circulatory system was discovered by an 

English researcher named William Harvey (Aird, 2011). An understanding of cardiac electrophysiology, or 

how the heart functions through electrical activity contracting the heart muscle, was not discovered and 

understood completely until the work of Sunao Tawara in the early 1900s (Aird, 2011).  

Diagnosing a person through their pulse has existed long before these times. In ancient Chinese and 

Indian medicine, approximate pulse rate and patterns have been measured qualitatively, through measuring 

the pulse through the tongue and wrist (Ernst, 2017). As time has gone on, the development of quantitative 

measures of pulse rate have been developed. 

The first major development to heart monitoring technology was the invention of the stethoscope by 

René Laënnec in 1816 (Roguin, 2006). While the stethoscope is a far cry from the current technology 

available and depends on the operator’s interpretation of heart sounds for accuracy, the technology that 

previously existed solely involved the health care worker placing their ear against the patient’s chest. 

Laënnec, a physician, was too embarrassed to place his ear to his women patients’ chests to assess their 

heart and lungs, so he developed a portable, partially dismantlable device (see Figure 1.) made of a hollow 

tube of wood fitted with a single ear plug, allowing physicians to listen to the heart and lungs (Roguin, 2006).  
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Figure 1.  Laënnec’s schematic for the first stethoscope (1819). 

 

Since Laënnec’s invention, the stethoscope evolved into a binaural device with a percussive chest 

piece and tubing, with some expensive models (such as the 3M™ Littman® M3200) now featuring an 

electronic chest piece equipped with sound amplification, ambient noise reduction, an LCD display, and 

Bluetooth for sound visualization and for collaborative telemedicine.  

As our understanding of the heart’s physiology, particularly the understanding of the electrical 

activity in the heart improved, scientists worked to develop devices that could measure this activity. The 

Electrocardiogram (ECG) was a term for the graphical output of cardiac electrical activity developed in 1895 

by Willem Einthoven, ushering in a new era of cardiac and general medicine. The ECG provided users with 

information about the structure and function of the heart for clinical applications, which is still in use today. 

The first electrocardiograph developed by Einthoven, called the string galvanometer electrocardiograph 

weighed over 600 pounds and detected both cardiograph and electrometer information, which combined 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 189 

results in the ECG output (AlGhatrif & Lindsay, 2012). The sting galvanometer, while heavy and bulky, 

provided a more sensitive measure of heart activity than the capillary electrometers in use just decades prior 

(AlGhatrif & Lindsay, 2012). The device worked using five electrodes (placed in the four extremities and the 

mouth) and ten leads. The electrodes were not the peel and stick variety seen today; these electrodes were 

made up of cylinders filled with electrolyte solution in which the extremities of those being measured were 

submerged (refer to Figure 2). 

 

 

Figure 2. Einthoven’s string galvanometer electrocardiograph, the first ECG machine.  

The string galvanometer electrocardiograph became developed for clinical use, and redundant or 

low-yield leads were removed to increase the unobtrusiveness of the device, bringing the total leads to 

three. As more clinical sites adopted the device after World War I, more developments were made to replace 

the electrolyte solution with less intrusive electrodes, and the placement of the electrodes on the body were 

altered to the chest and back areas. The entire device was condensed down so that it could be rolled to the 

patient’s bedside. By 1935, the electrocardiograph machine weighed only 25 pounds, further making the 

device accessible to hospitals (Rivera-Ruiz, Cajavilca, & Varon, 2008). 
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After World War II, scientists by the name of Himmelstein and Scheiner devised an electronic device 

capable of monitoring heart rate and rhythm called the cardiotachoscope. This device was novel because of 

the presence of a Cathode Ray Tube CRT monitor showing the ECG output, an indicator for measured heart 

rate, and an alarm system present for alerting the health care team when tachycardia (high heart rate, when 

resting beats per minute exceed 100bpm in adults) and bradycardia (low heart rate, resting BPM<60). 

Unfortunately, Himmelstein and Schiener’s cardiotachoscope never reached the market, however, heart rate 

monitors, referred to as electrocardioscopes or cardioscopes were found in hospitals in the 1950s. During 

this era of heart rate monitoring devices, heart rate was not explicitly shown on the monitors; rather, these 

devices provided an audible beep and wave visualizations within a grid which allowed the physician to 

calculate the patient’s heart rate (Rivera-Ruiz, Cajavilca, & Varon, 2008). This period of time also refined the 

design of the ECG machine with the addition of a spark proof enclosure for the device due to its use in the 

surgical space where flammable anesthetics were used (Femtosim Clinical, 2018).  

In the 1960s and 1970s, the explosion of digital electronics propelled the ECG machine into a more 

portable and usable device. Waveforms and heart rate data were displayed on a monitor with a bigger 

screen, allowing the information to become more visible to the health care team using them (Femtosim 

Clinical, 2018). Another development on the hardware side was the addition of larger memory modules to 

the ECG machine, allowing short durations of ECG outputs to be stored and rewritten to the CRT screen, 

allowing for a persistent display. The output could also be paused by the operator, allowing them to study 

the waveform in a way which could not be achieved before (Femtosim Clinical, 2018).  

While developments of heart rate monitoring devices improved the portability and unobtrusiveness of 

the devices, the developments in the wearable heart rate monitor we are familiar with today have only 

existed in the past 40 years, mostly driven by the athletic field’s desire to use heart rate monitors as a 

training aid. The first wearable electronic heart rate monitor was developed by Polar Electronics in 1977 in 

Finland. This device, the Tunturi Pulsar (see Figure 3) , was a finger monitor with a monitoring belt (the belt 

released later, in 1984) (Kite-Powell, 2016).  
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Figure 3. Polar Electronics’ first fingertip heart rate monitor, the Tunturi Pulsar. 

 

Later, in 1982, Polar released the first wire-free, wrist mounted wearable called the Sport Tester PE 

2000 (Kite-Powell, 2016). Later developments of the wearable wrist mounted heart rate monitor in the 1980s 

and 1990s allowed the user to export their heart rate analysis to their personal computer. As for the wired 

ECG devices used in the clinical setting, their monitors now boasted color displays and the ability to display 

multiple waveforms at once due to the larger screen size and pixel density available. In the 1990s, the 

connectedness between different monitoring devices in a given hospital also increased with the 

development of a monitoring network. This connectedness increased nursing efficiency by enabling nurses 

to have the ability to enter a patient’s data at the bedside monitor, rather than having them leave the 

patient’s room to view their data on the centralized monitor (Femtosim Clinical, 2018). 

In the new millennium, heart rate monitoring technology improved with the development and 

proliferation of the internet, which now allow internet-connected, wearable commercial heart rate monitors to 

constantly transmit data to a centralized app, where users can then export that data, along with information 

about their overall cardiac health for analysis by their health care team. The consumer market of wearable 

heart rate monitoring devices has extended from their niche use by athletes to track the efficacy of their 

training, to the average consumer with the release of the Apple Watch and Fitbit devices. Heart monitoring 

technology is now amalgamated with applications to view and send text messages from the watch without 

the user needing physical access to their phone, extending the utility and accelerating the ubiquity of HRMs 

in daily life. In the clinical setting, these developments have resulted in accurate, Bluetooth and internet-
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connected wireless ECG devices are used in hospitals to track a patient’s cardiac activity, allowing the 

health care team to assess the patient’s data and share that data amongst the team without even physically 

seeing the patient or entering their room through connecting these devices to the hospital’s network 

(Aminian & Naji, 2013). The patient is still hooked up to the device through electrodes, but the monitoring 

device itself is small enough to slip into the pocket of the user’s hospital gown for relatively uninterrupted 

ambulation (see Figure 4.). 

 

Figure 4. A portable ECG machine commonly used in hospitals today. 

Limitations of using heart rate monitors depends on the type of technology being utilized.  

While most heart rate monitors use the ECG technology discussed previously, some modern wearable 

tracking devices use PPG technology. PPG, or photoplethysmography, uses beams of light and a sensor on 

the back of the device to detect changes in the blood volume passing through the veins of the wrist, which is 

then picked up by the device’s optical sensor to produce a Photoplethtysmogram (PPG) reading, which is 

then analyzed by the device’s software to estimate the user’s current heart rate (Isakade & Martin, 2019). 
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Certain devices, like Apple Incorporated’s Apple Watch use a proprietary algorithm to analyze the 

tachogram, or the graphical depiction of the movement and rate of blood flow in the wrist using PPG 

technology (Isakade & Martin, 2019). 

The EGC devices seen in hospitals use multiple leads and electrodes to accurately measure a 

person’s heart rate and rhythm. Some of the latest wearable heart rate monitors for the consumer market 

use a single lead in their electrocardiogram (also known as iECG technology). The iECG technology works 

through completing an electrical circuit between the detector plate on the back of the iECG enabled device 

and the bezel of the device through the user placing their finger(s) on the bezel (Isakade & Martin, 2019). 

This allows a completely wireless and relatively unobtrusive measurement of the user’s sinus rhythm after 

about 30 seconds. 

For both ECG and PPG wearable technology, the accuracy is highest when the user is at rest, 

where artifacts introduced from moving the arm are reduced (Isakade & Martin, 2019). For devices using 

PPG technology, Preejith, Jayaraj, and Sivaprakasam (2016) found that users with a dark skin tone or dry 

skin showed a slight deviation in their heart rate reported from the device from the true measurement of their 

heart rate gained through ECG data. In addition, the ECG on a consumer fitness product and the ECG 

differs through the amount of leads present on the body. While iECG-enabled devices use only one lead, 

and thus one picture or point of information about heart health, an ECG used in hospital uses up to 12 leads, 

providing a more accurate picture of the status of the heart through multiple channels of data (Isakade & 

Martin, 2019). In addition, issues of false positive and negative reading using wearable heart rate monitors 

have been identified. HRMs used in medical applications utilize advanced machine learning in their 

algorithms for interpreting the ECG and PPG data coming in from the multiple sensors, while HRMs in 

personal devices use technology and software that is not as accurate, thus heart rate measures gathered 

from consumer devices should be used as a guide to heart function only, and results should not be held as 

the “gold standard”, compared to medical HRMs (Sawh, 2020).   

Because the heart rate monitor has had many developments in the past few centuries, allowing for a 

more accurate and precise measurement of a user’s cardiac activity, many fields have utilized the measure 
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of heart rate as a quantitative measurement for multiple factors, including the field of human factors. The 

following section will discuss some general design considerations for heart rate monitoring devices. 

The Heart Rate Monitor’s Design Considerations 

There are human factors considerations for the design of a heart rate monitoring device. These 

considerations do not only hold true for the field of human factors but are general usability criteria for all 

applications of these devices. Field experiments in certain domains like workplace safety and experiments 

involving the military may require more stringent requirements for these devices to meet their standards for 

usability. A standard 12-lead ECG machine may not be usable for a field experiment involving a high degree 

of movement; therefore, the real-world application of a particular heart rate monitoring device should be 

considered when designing them. 

First, the HRM must be able to consistently and accurately measure the value that the device is 

developed to measure (Montes, 2019). For example, if the HRM is solely responsible for measuring heart 

rate, it should be assumed that this device, should it be usable, measure heart rate accurately and be 

precise in its HR measurements each time. If heart rate variability (HRV) is of interest, then the device 

should be expected to precisely and accurately analyze and report HRV.  

Montes (2019) further explained that the HRM should be able to provide these accurate and precise 

measurements across multiple environments and conditions. For example, a heart rate monitor should be 

able to still provide accurate measurements for an operator’s HR in a field condition where excessive 

perspiration and dirt may exist. In some human factors field experiments, especially those involving 

measuring pilots’ heart rate, G-forces may be introduced and the HRM must respond accordingly.  

In addition, because human beings have individual differences in a multitude of areas such as 

weight, height, age, and muscularity, the heart rate monitoring device must also be validated for those 

persons who fit on the extreme ends of the normal body characteristics (Montes, 2019). Designers of these 

heart rate monitoring devices should consider users who are elderly, who are overweight, who are tall, who 

have wider wrists or a wider chest than average so that the device can have a wider utility. These individual 

factors will also affect the measure of the user’s measure of heart rate variability (HRV), discussed later in 

this text. 
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 A fourth consideration for the design of a heart rate monitor is that the device should be financially 

feasible to purchase (Montes, 2019). For example, the Apple Watch, while having a proprietary and 

relatively accurate heart rate measure compared to other consumer devices currently on the market, is not 

as available to those of a lower socioeconomic status than those of a higher socioeconomic status. In a 

similar vein, an entity interested in studying mental workload may not be able to afford a certain device for 

their research. 

 A fifth consideration for the design of heart rate monitors is that while worn, the device should be 

unobtrusive to the user (Montes, 2019). Having multiple wires hanging from the device may impede the 

user’s movement and may influence measurements by altering the user’s gait and arm movement.  

 A sixth design consideration is that the device is safe for the user to operate. In the surgical space, 

flammable substances are spread throughout the room, potentially causing a fire hazard or explosion if a 

spark occurs. Intelligent design of heart monitoring devices keeps in mind the environments the device will 

be used in to prevent user harm and damage to property surrounding the operating environment. In addition, 

Montes (2019) suggested that the materials the device is made out of are non-toxic to the user and 

comfortable to wear and operate, especially if the heart rate monitoring device is intended to be used for 

long periods of time.  

 The seventh and final design consideration for heart rate monitors is that the device must be user 

friendly and not overly complicated to use (Montes, 2019). The usability side of design has a wide breadth of 

topics. For example, design considerations for the controls and displays of a heart rate monitor can be a 

completely separate manuscript spanning hundreds of pages long. This document will explain some of these 

usability considerations. 

 As for the display of the heart rate monitoring device, there should be no clutter and the measure of 

the estimated BPM and the waveform of the person of interest’s sinus rhythm should be clearly displayed (if 

the display shows waveforms). This usability consideration has implications in an emergency situation, 

where the person trying to read the patient’s analysis must be able to have their eye drawn to the relevant 

data quickly, without having their visual search task inundated with clutter. Colors used for the waveform and 

HR reading should be stark against the background of the rest of the display, can be used to link objects on 
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the display together if the same colors are used for those objects, and not use any warm and cool colors 

together (like red/green and red/blue), which results in operator eye fatigue and discomfort (Wickens, Lee, 

Liu & Gordon Becker, 2004). In addition to color, objects on the monitor display that are related to each 

other may also be linked together through close proximity, demonstrating the proximity compatibility 

principle, where mentally integrated tasks should be represented on the display in close proximity to each 

other, while mentally separated tasks should be represented further apart (Wickens et al., 2004). The 

alerting system of the HRM, especially if used in a clinical environment, must also use an omnidirectional 

auditory channel for alerting critical abnormal heart rate measures, along with flashing lights to capture 

users’ attention, while less critical abnormalities should be represented by less salient auditory alarms and, 

in least critical situations, advisories can be purely visual in nature (Wickens et al., 2004). In an emergency 

situation or field experiment, where accessing pertinent information on the display is critical for a good 

outcome for the patient or study, careful consideration of usability criteria is important. A consumer device 

needs to consider “user-friendliness” even more because the user is not a trained professional; the user may 

be someone with a wide variety of skills and education.  

The following section will discuss the utility of HRMs in the human factors field, as well as 

implications and limitations of using HRMs during human factors field experiments. 

  

The Heart Rate Monitor’s Utility in Human Factors 

The field of human factors use heart rate monitors for a breadth of different applications, mostly to 

gather data on physiological indices of certain subjective and objective phenomena. Gathering heart rate 

data is the easiest information gathered from an ECG output (Kramer, 1990).  

In their article, Xiao, Wanyan, and Zhung (2015). defined mental workload as, “the functional 

relationship between the mental resources demanded by a task and the available mental resources provided 

by the operator”. Current human factors researchers measure mental workload through administering 

instruments like the NASA-TLX (a subjective questionnaire developed by NASA involving six seven-point 

Likert scales), measuring the operator’s performance on the task (accuracy), and using physiologic 
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measures like eye tracking technology, where the measurement of factors such as blink frequency and 

fixation time are studied, and heart rate.  

Before the 1980’s, the user’s heart rate data was of interest to human factors professionals in their 

study of human information processing and mental workload. Unfortunately, an issue with solely studying a 

user’s heart rate arose through inconsistent findings in field experiments studying the relationship between 

heart rate and mental workload (Kramer, 1990). These inconsistent findings could be explained through 

Lacey and Lacey’s work in the 1960s and late 1970s. In their manuscript, they described the intake rejection 

hypothesis, which suggests that the directionality of heart rate change is actually related to the type of tasks 

demands placed on the user (Lacey, 1967). The user’s heart rate is proposed to decrease during the intake 

of environmental information, such as in visual detection and discrimination, scanning, and listening, and the 

heart rate is proposed to increase during the rejection of environmental information, such as during mental 

arithmetic, mental rotation tasks, memory retrieval, and problem solving situations (Kramer, 1990). Thus, the 

studies finding inconsistencies involving the relationship between mental workload and heart rate propelled 

the field to find other measures for assessing mental workload.  

In the field of human factors, a person’s heart rate variability (HRV) is used as one of the methods to 

assess mental workload. Heart rate variability is calculated from the continuous monitoring of the person’s 

heart rate using a heart rate monitoring device. HRV is a measure of the fluctuation of the interval between 

consecutive heartbeats (Rowe, Silbert & Irwin, 1998).  HRV can be measured over shorter periods of time 

(around five to ten minutes) or longer periods of time (around 12 to 24 hours) (Ernst, 2017). Additionally, 

HRV is measured in milliseconds. There are multiple ways to obtain a value of HRV: time domain measures 

allow the researcher to calculate scores like standard deviation or number of successive waves from inter-

beat intervals, but disallows insight into reasons for variability in the HRV value (Jorna, 1992). Additionally, 

Jorna explains that statistical calculations can be conducted to show different properties of the signal from 

the ECG or other heart rate monitor (1992).  

Spectral analysis of the analog signals is the preferred method for obtaining HRV measures. A 

Spectral analysis shows a total frequency content from three distinct frequency components. If the method 

for gathering this data is not continuous, there must be additional processing of the output through 
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interpolation or low-pass filtering (Jorna, 1992). The first frequency, a low frequency (0.02-0.06 Hz range), 

mainly originates from body temperature (Jorna, 1992). The second frequency, a mid-frequency (0.07-0.14), 

relates to oscillations representing the short-term regulation of blood pressure (Jorna, 1992). The third 

frequency, the high-frequency (0.10-0.50), represents respiratory influences on heart rate, also called 

respiratory sinus-arrhythmia (Jorna, 1992). 

HRV is a measure often used in human factors as one of the physiological measures of mental 

workload because according to Rowe, Silbert, and Irwin (1998), HRV measurements are relatively 

unobtrusive to the user, requiring only electrodes and a few combined leads being placed on the chest in 

ECG devices (the leads can be strategically combined and routed out of the way of movement), or by simply 

wearing the HRM device on the wrist for PPG devices. In addition, using heart rate as a physiological 

measure is advantageous because this provides a measure which do not require over performance by the 

user, meaning in the absence overt, observable physical behavior, heart rate data is still collected (Rowe et 

al., 1998). Of course, collecting data on both the overt performance of the user and the more covert 

physiological measures are most helpful, but the multidimensionality of physiological measures, including 

heart rate and heart rate variability provides multiple angles for viewing the user’s mental workload (Rowe et 

al., 1998). The author further explains that, because heart rate and heart rate variability are measured 

continuously, without interruption, this allows for these measures to provide a measure which responds 

quickly to the introduction of shifts in mental effort and workload. Research may also include measures of a 

user’s heart rate variability (along with other physiological measures such as eye blinks, visual scan path, 

and accommodation) to evaluate many applications of mental workload, including evaluating display quality 

(Jacko, 2012).  

When human factors professionals began exploring the relationship between heart rate variability 

and mental workload, they found that studies which previously discovered insignificant heart rate changes 

with the introduction of tasks of various workload, discovered large changes in HRV (Kramer, 1998). In 

general, a person’s heart rate increases and HRV decreases during high levels of mental processing 

(Mulder, 1992). 
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HRV have been extensively explored through numerous human factors studies involving mental 

workload. A researcher by the name of Eilebrecht studied the relationship between a driver’s mental 

workload and their heart rate variability though ECG data, finding consistency between a higher heart rate 

variability during a high load task during both a real-world driving experience, and a computerized 

simulation, compared to a low load task. (Guo, Tian, Tan, Li Wang, 2016). A study by Lo, Sehic, and Meijer 

(2017) explored the measurement of the mental workload of air traffic controllers in a training simulator using 

a variety of wearable heart monitoring sensors, finding that most of these sensors (with the exception of 

one) provided accurate HRV measures. A literature review written by Meshkati (1988) described multiple 

studies involving HRV and mental workload, including a study by Rault (1976) which examined pilots’ HRV 

on an instrument landing procedure simulation task of varying difficulty, where the mean values of HRV 

varies with the programmed difficulty of the task, and a study by Hacker et al. (1978), which reported that 

helicopter pilots’ heart rate increased during flight operations without an increase in oxygen consumption, 

suggesting the increase in heartbeat accounts for psychological activation.  

A user’s physical effort is also assessed through heart rate measures. In general, as a person’s 

physical effort increases, the person’s heart rate will also rise. Measures of heart rate variable may be useful 

for human factors research addressing workplace and task safety and efficiency.  According to Bassett 

(2000), there is a linear relationship between a person’s heart rate and their oxygen uptake (VO2) over 

different exercise intensities, allowing the researcher to validate both against each other in an empirical 

study of exercise or intense physical activity.  Freedson and Miller (2000) describes a few ways to analyze 

data from heart rate measures to estimate the amount of time performing physical activity of varying 

intensities. First, researchers can determine the amount of physical activity a person has completed by 

determining the number of minutes above a certain percentage of maximal heart rate, or heart rate reserve. 

Heart rate reserve is an attractive measure for researchers to use because this allows for the comparisons 

of people with different physical fitness levels (Freedson & Miller, 2000). Another method used to quantify 

activity is net heart rate, or heart rate under activity, minus baseline heart rate. While the net heart rate 

method also allows for the comparison of activity between individuals, this method does not allow for the 

estimation of total energy expenditure (Freedson & Miller, 2000). A third method of using heart rate to 
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assess physical effort is called FLEX HR. This method involves measuring both the participant’s heart rate 

and oxygen consumption while sitting, laying down, standing, and performing tasks at varying intensities 

(Freedson & Miller, 2000). Resting metabolic rate is also often obtained. The data gathered is then put into a 

heart rate/oxygen consumption curve, where a FLEX HR is calculated by the average of the highest HR 

from the sedentary activity and the lowest HR from light physical activity (Freedson & Miller, 2000). If a given 

heart rate is above the FLEX HR, the curve generated is used to estimate the participant’s energy 

expenditure, while if a given heart rate is below the FLEX HR calculated, the measurement of resting 

metabolic rate is used to estimate energy expenditure (Freedson & Miller, 2000).  Limitations of the FLEX 

HR method is that it is both costly and time consuming. Heart rate is a measure that may be influenced 

through multiple confounding factors (discussed later), so it is recommended to use heart rate along with 

another physiological measure to help make a stronger researcher design.  

A user’s affect can also be measured physiologically through their heart rate. According to Wilson, 

affect, from a psychological standpoint, refers to an emotion or subjective feeling (Jacko, 2012). Jorna 

(1992) explains that using heart rate can be useful from a psychological viewpoint as an indicator of change 

in the energetic state of the user as a function of psychological manipulations involving the difficulty of a task 

or introducing more time pressure. Changes in heart rate variability may also give cues into activation of the 

sympathetic nervous system, giving researchers insight to anxiety associated with a task or interaction with 

a system or product. Measuring a user’s affect may be of interest to those studying the interaction between 

the user and a product. Noninvasive heart rate measures, like the fingertip pulse oximeter, may be useful for 

studying a user’s affect. Heart rate may rise when a user is excited or thrilled while interacting with a 

product, demonstrating a positive affect toward the product or when they are frustrated with the product 

(negative affect). The variability in what a rise in heart rate could mean from an affect standpoint 

necessitates the use of more than one physiological measure of affect, or combining the physiological data 

with subjective measurements like an interview or questionnaire, or the observation of overt behavior.  Some 

other physiological measurements of affect include galvanic skin response, respiration rate, readings from 

an electromyogram, and measurements of the user’s blood pressure (Jacko, 2012). Balters and Steinert 

(2015) explain that only measuring pulse or analyzing ECG alone is not sufficient enough to gain insight into 
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a subject’s affect; instead these measures of heart activity should be used along with, for example, blood 

pressure readings (which gives insight into activation of the sympathetic nervous system through a rise in 

blood pressure from baseline readings, or insight into the activation of the parasympathetic nervous system 

through a fall in BP readings from baseline) to get a more accurate physiological measure of affect. In 

addition, Brosschot and Thayer (2003) found that negative emotions may last longer physiologically through 

prolonged cardiovascular activation, than positive emotions. 

  While using HRV and other heart-related measures in an experimental study, certain factors may 

affect the reliability and validity of your results. Jorna (1992), explains six different factors affecting HRV 

data. 

 First, respiration affects HRV data. Speaking while conducting a spectral analysis shows a larger 

range of higher-frequencies present than if the user was not speaking, making it difficult for researchers to 

analyze and interpret the user’s heart rate spectrum (Jorna, 1992). Similarly, coughing, sighing, and other 

Valsalva movements should be minimized while measuring HRV.  

Second, muscle activity can influence HRV (Jorna, 1992). Any exercise can increase HRV because 

of fluctuations in blood pressure and in breathing when trying to interpret a spectral analysis, so if the 

researcher does not intend to make physical differences in the tasks a participant must complete, those 

participants HRV will be affected.  

In addition to activity, body position will also influence HRV. Standing in an upright position increases 

a person’s HRV compared to the supine position, so researchers should be cognizant of body positions 

participants are placed in during their experiments (Jorna, 1992).  

 The physical fitness of a person also affects HRV. Generally, physical fitness lowers heart rate and 

increases the power of the spectra during a spectral analysis (Jorna, 1992). Therefore, aerobic fitness in 

participants should be controlled in a potential study.  

 The physical environment a HRV measure is taken in is also a factor. High ambient temperature and 

high humidity increases a person’s heart rate and may affect HRV as well (Freedson & Miller, 2000). 

Researchers need to control these factors  
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 Lastly, age is a factor which affects HRV. As a person advances in age, HRV can decrease (Jorna, 

1992). The author further explains that many past field experiments confound a participant’s experience and 

skill level with age, so absolute comparisons should be made withing one age group (1992).  

 

Future Considerations for Use and Implications 

Technology for heart rate monitoring devices is constantly improving, both in precision and accuracy. 

The validity and reliability of heart rate monitors’ measure falter during high amounts of movement and 

activity, so there are devices being tested which combines heart rate PPG technology with a motion sensor 

to form a valid method for assessing total physical activity expenditure (Assaah, Ekelund, Brage, Wright, 

Mbanya & Wareham, 2011). In the future, heart rate monitors are predicted to get even smaller in form 

factor, facilitating ubiquitous computing, or computing in which users of this technology are not aware of and 

can seamlessly manipulate data without becoming cognizant of the technology driving these manipulations. 

Measuring heart rate may become almost completely unobtrusive to users, allowing researchers to gain a 

picture of the user’s cardiac activation without the participant being encumbered by wires or without 

disruptions in task performance. While heart rate is usually used alongside other physiological measures in 

human factors field experiments, a user’s heart rate data will likely never be replaced by another measure in 

the near future.  
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Appendix A 

Figures Used in this Document 

 

Figure 1.  Laënnec’s schematic for the first stethoscope (1819). 
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Figure 2. Einthoven’s string galvanometer electrocardiograph, the first ECG machine.  

 

Figure 3. Polar Electronics’ first fingertip heart rate monitor, the Tunturi Pulsar. 
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Figure 4. A portable ECG machine commonly used in hospitals today. 

 

  



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 209 

 

 

 

 

 

 

 

 

 

Page left intentionally blank. 

  



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 210 

 

 

 

 

 

Change Blindness and Inattentional Blindness: The Neural Substrate and Implications for Human Factors 

Alyssa T. Gaull 

University of Idaho 

  



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 211 

Abstract 

Change blindness is the phenomenon where humans are inept at detecting changes in stimuli when the 

change signal is masked or otherwise hidden from view. Inattentional blindness is the failure to detect 

objects or events that are unexpected while your attention is engaged in other aspects of a given task. The 

causes of both phenomena are also discussed, including Simons’ five different explanations for change 

blindness and Mack and Rock’s two classifications of inattentional blindness. The neural substrate for the 

existence of the altered percepts in change and inattentional blindness are discussed, with an emphasis on 

the frontal lobes of the brain and the executive control of attention. The implications of both change 

blindness and inattentional blindness in the field of human factors are examined, including applications in 

transportation and safety, medicine, military, and interface design. Finally, I envision the future study of 

change blindness and inattentional blindness in a cognitive neuroscience context. 

 

Keywords:  cognitive neuroscience, sensation and perception, change blindness, inattentional 

blindness, flicker paradigm, control and monitoring systems, medical errors, transportation, safety 
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Change Blindness and Inattentional Blindness: The Neural Substrate and Implications for Human Factors 

What if a pilot monitoring their aircraft’s flight path on a screen was interrupted, and when they 

returned to their previous task, they missed an important change on their display critical to safety? You may 

wonder why people do not see salient changes to stimuli in their visual field, or why they missed something 

obvious while attending to a task. These situations are examples of the phenomena of change blindness 

and inattentional blindness.  

According to Simons and Ambinder (2005), change blindness is described as the phenomenon 

where humans are inept at detecting changes in stimuli when the change signal is masked or otherwise 

hidden from view. These changes are difficult to perceive even if an individual is actively searching for them. 

According to Simons (2000), retinal transients can be disrupted through masking, timing the transient to a 

blink, or by making the changes slowly, which is enough to induce change blindness in individuals. 

Inattentional blindness, on the other hand, is the failure to detect objects or events that are 

unexpected while your attention is engaged on other aspects of a given task (Yantis & Abrams, 2017). 

Inattentional blindness is similar to change blindness in that there is a failure of visual awareness; we clearly 

notice the stimuli of interest when we know to attend to them, except the stimuli of interest in inattentional 

blindness is constant and fully visible. This phenomenon is unlike change blindness where we are trying to 

detect a change in stimuli. 

In this paper, I will first review existing literature on both the phenomena of change blindness, and 

inattentional blindness, explaining important studies and developments throughout the existing literature. 

Secondly, I will examine the cognitive neuroscience aspects of change blindness and inattentional 

blindness: first presenting different explanations for the phenomena, then examining the different 

neuroscience methods used to investigate change blindness and inattentional blindness. In addition, the 

implications of both change blindness and inattentional blindness for the field of human factors is explored, 

with focus on interface design, vigilance tasks, and errors in medicine. Finally, I will provide insight into the 

future study of change blindness and inattentional blindness. 
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History of Change/Inattentional Blindness Research 

History of Change Blindness Research 

While the research interest of the phenomenon of change blindness boomed in the mid-1990s, the 

concept was explored externally to the field of psychology about a century earlier. Filmmakers informally 

reported issues with viewers not noticing set changes and continuity errors between scenes in their movies 

when the transitions are edited as jump cuts, compared to when the editor used smooth transitions (Simons 

& Levin, 1997).  

Initial studies on individuals’ ability to detect change arose from studies on saccadic eye movements 

and working memory. In the late 1970s, McConkie and Zola (1979) conducted a study where college 

students read a passage written in alternating letter case while their eye movements were monitored. The 

researchers introduced a change in the letter case during some saccades, where a capital letter would 

switch to a lower-case letter. A survey conducted at the conclusion of the experiment asked whether they 

noticed any irregularities in the sentences they were reading and found that all the students reported not 

perceiving the change in letter case. These findings suggest that certain information about stimuli (like letter 

case) is not integrated across gaze fixations while reading. 

 

Figure 1. A graphical representation of the “flicker” paradigm utilized in change blindness research. A 

subject is presented with the first scene, then a “blank” is introduced to simulate a saccade before 

introducing the second, changed scene. 
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The interest in change blindness exploded during the 1990s, where multiple studies utilizing the 

“flicker” paradigm (see Figure 1) demonstrated that people fail to detect significant changes made between 

presentations of two pictures of objects and real-world scenes where instead of locking the change to a 

saccade, a visual mask is introduced (called a “blank”) (Blackmore, Brelstaff, Neelson, & Troscianko, 1995; 

Simons & Levin, 1997; Simons & Levin, 1998). These findings suggested that individuals do not store an 

accurate visual representation of the real-world across fixation points. There was also conflicting evidence 

for the individual’s ability to detect change during stable and unchanging visual fixations in the literature. 

McConkie and Currie (1996) discovered through their study on visual stability across saccades, that change 

is easily detected if the eye is fixated on the area of change. During their study on change blindness, 

Rensink, O’Regan and Clark (1999) found that individuals still fail to detect change even when their gaze is 

fixed. 

One of the most famous studies on change blindness is Simon and Levin’s “door study” (1998), 

which took the study of change blindness from a laboratory setting using arrays of dots and colored blocks 

and video studies using carefully shot scenes involving actors and objects, to a more naturalistic setting 

involving real-world interactions. In this study, a confederate asks a passerby for directions. During their 

conversation, they are interrupted by “construction workers” carrying a door between them. In the moment 

where the door passes between the initial confederate asking directions and the subject, the confederate is 

replaced by a different confederate, and the conversation carries on from before the interruption (see Figure 

2.). The findings of this study were surprising—50% of the participants did not notice the substitution of the 

confederates, and those who did notice the change were in a similar age group as the confederates, 

suggesting that the younger subjects encode individual features of an individual perceived to be in their own 

social group, which allowed them to detect the change. Simons and Levin replicated this study using 

different ages for the confederates and the participants and found that less than half recognized the change 

(1997). These findings suggest that if the gist of the scene remains the same as before the interruption, then 

the change is not likely to be detected. This study also illuminated that change blindness is not something 
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which is only present in a lab but is instead a general failure of our ability to compare and retain information 

from one moment to the next (Simons & Rensink, 2005). 

 

Figure 2. Stills from Simons (1998) “door study”. The initial confederate asking for directions is switched for 

another actor, and the subject fails to notice this salient change. The last panel is the two confederates side-

by-side 

 

The current research on change blindness involves the use of brain imaging methods, which will be 

discussed in the section entitled, “Cognitive Neuroscience Methods: Change Blindness”. 

 

History of Inattentional Blindness Research 

The term “inattentional blindness”, a phenomenon closely related to change blindness, was first 

introduced in the 1990s by Rock and Mack (1998). Before their book on the subject, there were studies 
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which explored the failure of auditory awareness during selective attention tasks, the earliest being dichotic 

listening tasks (Moray, 1959; Treisman, 1960). Subjects in these experiments failed to notice content 

changes presented to one of their ears (e.g. a change in the language spoken), while focusing on the 

information presented in their other ear. Interestingly enough, the subjects noticed their own name being 

spoken and salient pitch changes (male to female voice) in the unattended auditory stream, suggesting that 

information is partially processed in the unattended stream (Jensen, Yao, Street, & Simons, 2011).  The 

findings of these early studies on audition and attention demonstrate the ability of humans to filter out certain 

information from our consciousness, while focusing on other information. Furthermore, these studies 

highlighted the ability to miss critical information coming into the ears in the auditory modality; next, studies 

exploring the phenomenon of missing critical information entering the eyes via the visual modality will be 

discussed. 

Rock and Mack (1998) extensively studied the visual perception of unexpected objects and events. 

These studies were typically computer-based studies, an example being the “cross” task. During the “cross” 

task, subjects must attend to a cross on a computer screen and make a judgement whether one arm of the 

cross is longer than the other. On one of the trials, another shape appears on the screen, different from the 

cross. After the trial, the subject is asked if they saw anything other than the cross. Trials after this initial 

unexpected event are completed to see if the noticing rate changes when the subjects know another shape 

can appear. In another trial, the subjects are instructed to ignore the cross on the display and instead report 

if they saw anything else. Across these trials, the noticing rate of the unexpected event was the lowest when 

the event was totally unexpected (25%) and increased up to 75% when full attention was placed on noticing 

unexpected events. The findings from this study shows that the lack of expectation or priming during the 

trials can increase the occurrence of inattentional blindness (missing the unexpected stimulus on the critical 

trial), and brings into question whether or not the unattended and unexpected stimulus was perceptually 

processed or encoded at all (Rock & Mack, 1998).  

Another important (and fun) study of inattentional blindness was conducted by Simons and Chabris 

(1999). This was an experiment inspired by Neisser’s (1979) work where subjects view a video of two 

basketball teams passing the ball to each other. The subjects are instructed to count the number of passes 
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of one team by pressing a key, but during the video, a woman with an umbrella walks through the scene 

(see Figure 3.). Only a small fraction of the subjects noticed the umbrella woman while attending to the 

pass-counting task, while everyone noticed the umbrella woman while not attending to any task except 

watching the video. Future replications of this study with the elimination of a time delay between the 

umbrella woman’s appearance and the questioning of the subjects disproved the theory of inattentional 

amnesia, which posited that the unexpected event is consciously perceived, but immediately forgotten. The 

subjects were still unable to detect the umbrella woman, providing evidence that inattentional blindness 

results from a failure of perception, rather than a failure of memory (Simons & Chabris, 1999). 

 

Figure 3. A scene from Neissner’s (1979) “Umbrella Woman” study. The critical stimulus for the attention 

task is the tall woman with the white umbrella walking through the basketball players. 
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Figure 4. Scenes from Simons and Chabris’ (1999) study, demonstrating examples of four conditions of the 

experiment. 

 

In Simon and Chabris’s study, one condition was an Umbrella-Woman, where a person holding an 

umbrella walked from left to right in the camera view, and the Gorilla condition, where a shorter person 

wearing a gorilla suit would walk through the scene in the same manner. In addition, there were two different 

styles of video shot in this experiment: one was a transparent condition, where the gorilla or the umbrella 

woman would be superimposed over the scene of the team passing the ball amongst each other and be 

partially transparent, while the opaque condition involved the gorilla or umbrella woman being completely 

physically present within the scene (requiring coordination of the actors movements to prevent unnatural 

movement) (see Figure 4.). Lastly, there was an easy task, where participants counted the total number of 
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passes by the attended team, and a hard task, where participants counted separate simultaneous counts of 

the overhead and ground passes made by the attended team. Overall, 54% noticed the unexpected event, 

and more noticed this event during the opaque condition. Additionally, more participants noticed the event in 

the easy condition compared to the hard condition. This study was important because it not only replicated 

Neisser’s study, but also generalized and extended the phenomenon of inattentional blindness. Simons and 

Chabris argued that because these results are consistent with computer-based studies (Mack & Rock, 

1998), we can generalize to real-world situations. The findings also suggest that the level of inattentional 

blindness depends on the difficulty of a task and can be varied by manipulating the difficulty of the task. 

During these studies on both change blindness and inattentional blindness, there were multiple 

psychophysiological reasons for the occurrence of these phenomenon. These explanations will be 

discussed in the following section. 

 

The Cognitive Neuroscience of Change Blindness and Inattentional Blindness 

To understand the phenomena of change and inattentional blindness, one must understand the 

structure and function of the three attentional networks in the human brain: the alerting, the orienting, and 

the executive control network. According to Fan et al. (2009), the alerting network serves to increase 

vigilance in preparation for an impending stimulus. The orienting network of attention supports the selection 

of specific stimuli from sensory inputs where orienting can either be exogenous due to highly salient stimuli 

drawing attention, or endogenous, where a person voluntarily searches for stimuli through their sensory 

inputs. The third attentional network, the executive control network is the most important to change and 

inattentional blindness research because the executive control function of attention uses complex mental 

operations to arrive at a decision to resolve conflicts in percepts. The executive control network is activated 

in decision making, non-expert responses, absolute judgement tasks, and in error detection. The anterior 

cingulate cortex and the lateral prefrontal cortex are the brain areas where the executive control network of 

attention reside (Fan et al., 2009).  

There are multiple explanations for the phenomenon of change blindness and inattentional blindness 

in the literature, as well as methods to find areas in the cortex which modulates these phenomena. This 
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section will examine the explanations for change blindness, as proposed by Simons (2000), then explore 

Mack and Rock’s (1998) two classifications of explanations for change blindness and inattentional blindness. 

Finally, summaries of findings for the phenomena of inattentional and change blindness in the context of 

neuroscience will be discussed, including identifying brain areas associated with these phenomena through 

neuroscience methods such as functional imaging and computer models. 

 

Explanations for the Phenomenon of Change Blindness 

Simons (2000) proposed five different explanations for the phenomenon of change blindness. First, 

Simons explains the most intuitively plausible explanation, termed “overwriting”. This means that the initial 

representation is overwritten or replaced by either the blank or next image, or that any information that the 

individual does not abstract from the initial display of an image or scene is just replaced by the new scene, 

leaving no visual record of the initial scene. Simons highlights that while this explanation is consistent with 

the previous studies on change blindness, it cannot account for all the findings of these studies.  

An alternative hypothesis Simons (2000) proposed was that the individuals accurately encode the 

features of the initial scene, but then fail to encode the details of the current percept, or the changed scene. 

This potential explanation results from our understanding of the goals of perception; humans need to 

understand the meaning and importance of our surroundings, so when we process the features of the initial 

scene, that goal has been met, making the details of the scene irrelevant after that (the changed scene), 

accounting for change blindness after the blank. 

Simons’ third explanation for change blindness is that absolutely nothing is stored visually about the 

visual world (2000). This means that the world itself operates as a memory store, so information that is 

abstracted from the original scene (percept) will be still there after the scene is gone, so the blank disruption 

is only needed to mask the motion signal produced by change. An offshoot of this explanation, the “just-in-

time” models of perceptual representation claim that some information is stored so that we can be 

successful in our actions in the environment, but not enough to be detailed (Ballard, Hayhoe, Pook, & Rao, 

1997). According to these models, we can store information about the spatial location of objects, but not 

visual features like color, shape, etc. (O'Regan, Rensink, & Clark, 1999). 
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Simons’ (2000) fourth explanation for change blindness is that everything is stored visually about the 

visual world, but nothing is compared across scenes. This explanation is inspired by research on human 

reasoning, where an individual can hold two beliefs that are absolutely contradictory, and they will only 

notice this when it is pointed out to them (their attention is drawn to the inconsistencies (Simons, 2000).  

Similarly, individuals may form mental representations of both visual scenes (the initial scene and the 

changed scene), and not realize that these two percepts are different until their attention is drawn to this 

fact. According to Simons, multiple studies suggest that an implicit trace from the initial visual scene is 

preserved, even when the subjects were not aware of this (Shapiro, Raymond, & Arnell, 1997; McCloskey & 

Zaragoza, 1985; Loftus, Schooler, & Wagenaar, 1985). 

Simons’ (2000) final explanation for the phenomenon of change blindness is feature combination. In 

this explanation, we keep some features and objects from the initial scene, and some features and objects 

from the changed scene, creating one percept that is an amalgamation of both scenes (Simons, 2000). With 

this hypothesized distorted percept, the individual is unaware that there were two separate scenes because 

they are essentially unable to keep both percepts of the scenes separate from each other (Simons, 2000). 

An issue with this model, however, is that this does not explain large, nonsensical shifts in the gist of a 

scene (e.g. if the initial scene involves a petite woman who is switched for a large, male clown in the second, 

changed scene). 

 

Explanations for the Phenomenon of Inattentional Blindness 

Mack and Rock (1998), the preeminent researchers on the topic of inattentional blindness proposed 

two different classifications for the explanation of inattentional blindness: perceptual vs. memorial 

explanations. 

Perceptual explanations argue that inattentional blindness arises from a failure of our perception—

where our perceptual process fail to engage in stimuli we are not attending to (Moore 2001). Conversely, 

Mack and Rock (1998) propose that memorial explanations argue that information about unattended stimuli 

fails to become encoded into a person’s memory (not that the information is forgotten—that the information 

is never encoded in the first place). Moore’s (2001) explanation for Mack and Rock’s (1998) two proposed 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 222 

classifications of explanations result from the inattention research paradigm employed by many studies 

asking their subjects to report what they saw only after the fact, making both explanations possible by a 

report that they did not perceive the information of interest. 

While it is argued that there cannot be perception of a stimulus without attention, Moore and Egeth’s 

(1997) findings from a study involving unattended patterns of dots argue that attention is not necessary for 

engaging perceptual processing. In this study, participants engage in a complex perceptual task in which 

they report whether one of the two lines on a display are longer. The lines are superimposed over colored 

dots on the display. During the noncritical trials, there are dots in the background of the display that are 

colored randomly either white or black. On the critical trial, dots appearing in the background of the display 

were colored in a way which would elicit the gestalt principle of grouping by similarity. At the end of the trial, 

a forced choice response unexpectedly appears asking the participant what pattern appeared in the 

background. The assumption is that if grouping occurs without attention, participants would be able to say 

which pattern appeared. The participants failed to group the dots when they were not attending to the 

background, but their responses to line-length discrimination were negatively affected by illusions arising 

from coloring the dots to create visual illusions (Ponzo and Muller-Lyer illusions). The findings suggest that 

while Gestalt grouping was found to occur without attention, attention must exist for encoding the products of 

perceptual processing in working memory so they can be reported later.  

 

Cognitive Neuroscience Methods: Change Blindness 

There are multiple neuroscientific studies exploring the topic of change blindness, including those 

which use brain imaging studies while subjects complete a task. This section will discuss an overview of 

these studies, describe their methods, and report any relevant neuroscientific findings.  

First, a study conducted by Beck, Muggleton, Walsh, Lavie (2005) used a combination of functional 

magnetic resonance imaging (fMRI) and repetitive transcranial magnetic stimulation (rTMS) to investigate 

which brain areas play a critical role in change blindness. In this study, the authors recognize that the 

occiptotemporal cortex plays a role in visual awareness, where lesions on the extrastriate cortex correspond 

with certain deficits in awareness in different visual features or attributes. The authors explain that activation 
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of the ventral stream is argued by neuroscientists to be necessary for awareness, but recently, evidence 

from fMRI studies revealed that the dorsal stream may also play a role in visual awareness. To explore this 

further, Beck et al. (2005) used rTMS to create a temporary lesion in either a subject’s right or left parietal 

cortex while they performed a change blindness task (where they must detect changes in scenes separated 

by a blank interval). The authors found that when the right parietal cortex is lesioned during the change 

detection task, there were longer delays in detecting changes and a higher overall rate of change blindness 

compared to both subjects with temporary lesions to their left parietal cortex, or no temporary lesions at all. 

Beck et al. (2005) extracted from these findings that the right parietal cortex, part of the dorsal stream of 

information plays a critical role in change blindness. 

fMRI studies were also employed in a study conducted by Beck, Rees, Frith, and Lavie (2001), that 

examined which neural systems are activated when subjects detect a visual change, versus when they 

experience change blindness. The standard flicker paradigm was employed, where the subjects must fixate 

at a point in the center of a monitor and are presented two images, with a blank inserted between them. The 

fMRI system used in this study was used to continuously acquire blood oxygenation level-dependent 

(BOLD) responses through contrast image volumes every 2800ms. The trials occurred every 6200ms, 

creating a total of 888 functional volumes. fMRI studies of the subjects during sole change detection showed 

activation in the parietal and right dorsolateral prefrontal cortex, and some activation in extrastriate visual 

cortex for certain objects (like activation in the fusiform gyrus if a face changed). The fMRI data suggested 

that there was joint activation in both the ventral stream and the dorsal stream during the trials where 

change detection occurred, but during the trials where subjects experienced change blindness, dorsal 

pathway activation was noticeably absent, while ventral pathway activation was present. According to Beck 

et al. (2001), previous research solely focused on the ventral pathway’s role in the visual awareness of 

change (ignoring dorsal pathway activation),  hence data suggesting that there may be critical interactions 

between the dorsal and ventral pathways in visual awareness contrasts with the traditional viewpoint. The 

findings of this study suggest the importance of the parietal and dorsolateral frontal activations for conscious 

change detection (Beck et al., 2001). The authors explain that the two most common functions associated 

with the frontoparietal network are eye movements and selective attention, suggesting that selective 
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attention is important in awareness due to evidence that the phenomenon of change blindness is not 

reducible to just visual masking, or the simultaneous appearance of additional stimuli (as in “mudsplashes”, 

described later), just that there must be no transients. The activation of this area during a change detection 

task may suggest that change blindness occurs when our attention is deployed elsewhere when the change 

occurs (2001). 

A third study (Tseng et al. , 2009), inspired by the previous two studies (Beck et al., 2001; Beck, 

Muggleton, Walsh, & Lavie, 2005), used TMS (transcranial magnetic stimulation) on the right posterior 

parietal cortex, an area previously found to be important in updating spatial representations, directing 

visuospatial attention, and in action planning. Disrupting this area was found to increase the rate of change 

blindness in a previous study (Beck, Muggleton, Walsh, & Lavie, 2005). The same flicker paradigm used in 

the previous Beck study was employed (picture one, blank, picture two), but TMS was utilized to illuminate 

the stages in processing where the right posterior parietal cortex was most involved. The 240-trial 

experiment consisted of two blocks: one using TMS (120 trials) and one without the use of TMS (120 trials), 

with the order of the two blocks counter-balanced between subjects. In the TMS condition, there were two 

further conditions where the TMS was applied during two different timeframes, either when picture one was 

presented and the subjects were encoding and maintaining information into visual working memory (during 

60 of the 120 TMS condition trials), or when picture two was presented and subjects were retrieving 

information related to picture one and comparing it to the second picture. The findings indicate that change 

blindness occurred most frequently when TMS was applied at picture one, which suggests that the right 

posterior parietal cortex plays a role in encoding and maintaining information in visual working memory 

(2009).  

As stated in the previous section, change blindness researchers are unsure whether changes 

between the visual scenes can be detected without a percept of the changing object. Researchers today 

debate whether change blindness builds on entirely different perceptual processes, and neurologists are 

interested whether simply sensing a change versus specifically identifying a change relies on different or 

similar neural processes. Bush, Fründ, and Herrmann (2009) conducted a series of two experiments 

investigating whether sensing versus seeing a change in a change detection task (where there is the 
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introduction of one display, then a blank interval, followed by the introduction of the changed display) involve 

different perceptual processes. The authors measured the subjects’ event-related potentials (ERPs) using 

an electroencephalogram (EEG). In the first experiment, the researchers were interested in investigating 

whether subjects in a change detection task were able to detect a change (sense a change) without 

relevance to whether the subjects were able to identify the object(s) which changed. In the second 

experiment, the researchers compared the results from the ERPs gathered from change blindness task in 

experiment one to those in a visual search task (a well-studied effect) They found that measures of visual 

awareness negativity were similar for detecting change with or without the identification of the change, but 

when the subjects fully identified the change, measures of  N2pc (a posterior negativity contralateral to the 

side of a change) were found, suggesting that identifying a change requires perceptual (and by extension, 

neural) processes that are not present when a participant is simply sensing a change (2009). Busch, Fründ, 

and Herrmann (2009) concluded that changes can be detected without actually perceiving the identity of the 

change.  

A study conducted by Cavanaugh and Wurtz (2004) involved the direct electrical stimulation of a 

monkey’s superior colliculus (SC) to investigate whether this area contributes to the attentional shift that 

counters the phenomenon of change blindness by improving the monkey’s rate of change detection and 

increasing their reaction time. Initially, the study involved both human and primate subjects performing a 

change blindness task where an attentional cue (a square placed on the monitor where the change will 

occur) was introduced before introducing the initial scene involving clusters of dots moving in one direction, 

then the blank interval, then the second scene with one of the dot clusters changing where the attentional 

cue was located. Both the humans’ and the monkeys’ eye movements were tracked, and if a change was 

detected, the subjects must saccade to the change—otherwise, staying at the fixation point communicates 

that there was no change detected. The findings indicated that the addition of an attentional cue in the 

motion change detection task increased the change detection rate for both humans and monkeys. In the 

monkeys only study, the superior colliculus was located through single electrode recording and a cylinder 

with single microelectrodes was implanted and placed midline to the SC. The cylinder allows the electrodes 

to advance along the monkey’s SC rostrally. After recording the SC, the electrodes were set to stimulate the 
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monkeys’ SC with enough current to active the SC without evoking saccades. When the monkeys’ SCs were 

stimulated, their performance on the change blindness task increased, compared to no stimulation. 

Cavanaugh and Wurtz’s findings suggests that the superior colliculus is not only responsible for creating the 

saccades which contributes to change blindness, but also contributes to the shift of our visual attention that 

helps combat change blindness (a unified percept) (2004). The authors admit that electrical stimulation is 

not the same as naturally occurring neuronal activity. 

 

Cognitive Neuroscience Methods: Inattentional Blindness 

While there are many studies in the academic literature about the behavioral presentations 

associated with the phenomenon of inattentional blindness, there are not many studying the neural 

substrates associated with inattentional blindness. In a study conducted by Thakral (2011), fMRI studies 

were conducted during a task invoking inattentional blindness to study these neural substrates. In this task, 

subjects were instructed to fixate on a central fixation cross on a monitor with a grey background, followed 

by two colored numbers (1-9, 350ms). The subjects were asked to name each digit and its color while still 

maintaining fixation. On critical trials, a black and white checkerboard circle was presented along with the 

digits for 700ms. Subjects completed trials on each of the three attention conditions, inattention (unaware of 

extra stimulus), divided attention where they were instructed that an additional stimulus may occur (but not 

instructed to look for it), full attention (told there is an additional stimulus and told to look for it). The fMRI 

findings of this study showed marked activation in the prefrontal cortex while inattentional blindness 

occurred in the subjects. The findings of activation in the prefrontal cortex while subjects experience 

inattentional blindness where they are not consciously aware of the stimuli. This challenges previous 

research which claims that activity in the prefrontal cortex only reflects the conscious processing of 

information because this study suggests unconscious activity in the prefrontal cortex (Thakral, 2011). 

In addition to brain imaging methods, computer models can provide some insight into psychological 

phenomena. Dehaene and Changeux (2005) created a computer model representing the spontaneous 

neural activity in networks of interconnected thalamocortical columns. When the spontaneous activity in the 

thalamocortical columns occur, the activity can block external sensory processing. The manipulation of this 
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model can help explain how access to consciousness is blocked in inattentional blindness. The authors 

suggest that spontaneous trains of thought, unrelated to the current task or any external stimuli can exert a 

temporary blocking of access to our consciousness, which may explain the phenomenon of inattentional 

blindness through two predictions: one, an intense prefrontal-parietal-cingulate activation by that distracting 

thought before the presentation of the target stimulus, or two, a reduction of the target stimulus’s activation 

to a short bottom-up activation in specialized processors. There is more evidence for the first explanation, as 

Marois, Yi, and Chun (2004) found that the intensity of the activation in the parieto-frontal area of the brain 

modulates the extent of inattentional blindness.  

 

From Brain Imaging Studies to Real-World Applications: The Human Factor of Change Blindness 

and Inattentional Blindness 

The previous section discussed the neuroscience and the cognitive aspects of inattentional and 

change blindness, but without real-world applications of these findings, there cannot be advances made in 

reducing accidents caused by user error.  

As human factors professionals, we take our knowledge of human perceptual processes to help 

design systems that are safe, effective, easy to learn and use, with good feedback, consistency, and 

visibility of elements of these systems (among other design principles). Learning more about these 

phenomena, which have critical implications for the safety of humans and the prevention of accidents, 

through examining the academic literature (including both laboratory and naturalistic studies) allows us to 

create an understanding which captures a large subset of information about change and inattentional 

blindness, enabling us to better design and implement systems with this understanding in mind. Insight into 

the brain areas where human change detection and attention takes place, in combination with our 

understanding of cognition and the limitations of humans’ perceptual processes, allows us to have a better 

understanding of how to design systems within these human limitations. For example, designing a 

monitoring system for a nuclear power plant, without understanding that even the addition of small stimuli in 

the visual field when a change occurs will negatively affect change detection in the operator, could have 

deadly consequences.  
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Likewise, understanding that neuroscience findings suggest that the prefrontal cortex remains active 

even while processing unconscious visual stimuli, coupled with the understanding of unattended vs. 

attended stimuli in the auditory domain through dichotic listening studies (where people can understand 

“important” stimuli like their name despite not attending to that information) might suggest that attentional 

resources are being devoted to unconscious stimuli in the visual modality as well, highlighting the 

importance of decreasing disengagement and complacency in a task and the importance of cueing attention 

to important areas of change. In the next section, applied problems and studies utilizing real-world situations 

will be discussed. 

 

Implications of Change Blindness and Inattentional Blindness 

Previously, most of the studies discussed on the topic of change blindness and inattentional 

blindness solely involved laboratory studies conducted on computers, with little direct external application to 

real-world counterparts. In fact, there are real-world implications of change blindness and inattentional 

blindness, outside of a simple laboratory setting. Naturalistic applications of both phenomena include 

vigilance tasks involving monitoring surveillance systems, managing critical information in a multitude of 

real-world applications like air-traffic control, and nuclear power control, and while operating a motor vehicle 

or aircraft. These real-world applications and their related studies will be discussed in the following sections, 

divided once again by the phenomenon they belong to.  

 

Implications of Change Blindness 

The study of change blindness has important implications for the topic of transportation safety. 

Adapting the flicker paradigm used in traditional computer and laboratory change blindness studies to a 

transportation context is important as the phenomenon of change blindness can be deadly if a sudden 

change on the road accompanied with the addition of visual stimuli of any size or shape occurs. Change 

detection is a critical process in driving, as important changes in the environment (sudden detours, changes 

in traffic lights, the addition of elements serving as obstacles onto the road surface) must be perceived in 

order to have safe transportation.  
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An article written by O’Regan, Rensink, and Clark (1999) describes a concept of “mudsplashes”(see 

Figure 5.) or a few, small, high-contrast shapes ‘splashed’ on a visual scene, just like how driving through a 

mud puddle in a car creates splatters of mud obstructing multiple places on your windshield. The authors 

found through experimentation that these mudsplashes cause change blindness to occur, even though they 

do not obscure the location where a change occurs. O’Regan, Rensink, and Clark (1999) proposed that 

these small, attention-grabbing luminance transitions splashing the visual field from the “mudsplashes” 

prevents attention from being focused on the area of change. Further explanation as to why mudsplashes 

creates change blindness coincides with an explanation for change blindness from Simons (2000), which 

claims that change blindness may occur because our internal representation of the visual world only 

contains central-interest information, making the rest of our internal representation of the world sparse. 

Because our percept of the external world seems rich, it is theorized that our actual internal representations 

are sparse because we use the external world as a memory store (O’Regan, Rensink, & Clark, 1999). The 

authors explain that if multiple, small visual stimuli are simultaneously introduced into our visual field while 

driving (such as splatters of dust and mud) with a change in the environment (like an addition of an animal, 

person, or debris on the road ahead) this can negatively affect our ability to detect change and may cause a 

dangerous accident. The concept of mudsplashes also extends past transportation into the topics of 

surveillance and navigation as well, as dangerous events can go unnoticed if it coincides with even the 

smallest disturbances in our visual field. 
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Figure 5. Examples of image sets used in O’Regan, Rensink, and Clark’s study on “mudsplashes”. 

 

In a driving task study conducted by Beanland, Filtness, and Jeans (2017), findings suggested that 

the type of environment affects the rate of change detection and the incidence of change blindness while 

driving. In this study, subjects were to perform change detection tasks while viewing image pairs of either 

rural scenes, or urban scenes. While viewing the rural image pairs, the participants were more accurate in 

detecting changes to the environment (an animal crossing the path, changing traffic lights, motorcycles) than 

while viewing image pairs of urban image pairs (2017). In addition, the subjects were less susceptible to 

change blindness for objects that are likely to change or move, such as traffic lights versus road signs, as 

well as moving objects that pose greater damage, such as wild animals versus pedestrians (2017).  

Additionally, change blindness has implications in managing critical information in a display, 

important for applications such as air traffic control, crisis response, emergency rooms, military, and the 

nuclear power industry (DiVita, Obermayer, Linville, 2004). When operators of complex systems (like DiVita, 

Obermayer, and Linville’s example of naval commanders and control system personnel) complete tasks, 

they are often heavily overloaded with multiple simultaneous tasks, including visual search, situation 

assessment, voice communications, and control and display manipulation at multiple large displays often 

located far apart in space. Change blindness often invites itself into situations where the operator must shift 
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attention from one of these displays to another, with potentially deadly effects for failures to detect changes 

in the unattended display.    

To combat change blindness in monitoring control systems, Durlach (2004) suggests that these 

systems should include change detection tools instead of leaving change detection solely up to the human 

operator. An example of this is having unread messages and information displayed in the color red, and 

read information presented as a different color (such as black) in the monitoring or control system (Durlach, 

2004). This is adopted from military displays which “age” information by turning them different colors, 

representing how new (reliable) versus how much older (less reliable) the information is. Another suggestion 

made by Durlach is that new information can blink, drawing the attention of the operator to the new 

information (2004). A concept to keep in mind with displays versus natural environments is that displays 

tend to be dynamic, with information changing in an instant, unlike the real world, where sudden breaks in 

spatiotemporal continuity are unusual (Levin, Momem, & Drivdahl, 2000). Therefore, even examples that 

would seem to combat change blindness, such as introducing highlights into places in online forms where 

required information is asked of the user can become imperceptible due to the brief interruption of the page 

updating to display the newly highlighted section(s). 

 

Implications of Inattentional Blindness 

The phenomenon of inattentional blindness also has implications for road safety, as the failure to 

perceive unexpected but salient events can cause accidents and errors. Inattentional blindness can become 

dangerous when we take in incomplete information about our external world and become misled into forming 

inaccurate internal representations of that world, causing accidents due to inaccurate decisions. According 

to Kennedy and Bliss, the National Highway Traffic Safety Administration reported that almost 800 fatal 

traffic incidents resulted from drivers traveling down the wrong way of clearly-marked streets, and driver 

inattention was reported as the most reported cognitive influence on crashes in the National Motor Vehicle 

Crash Causation Survey (2013).  

An article by Kennedy and Bliss (2013) explored inattentional blindness in a simulated driving task, 

with their focus on the relationship between an individual’s mental resources and demand and instances of 
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inattentional blindness for task critical stimuli related to driving. In their experiment, they created a simulated 

driving task where subjects listened to auditory directions coming from a simulated GPS to reach their 

destination. The final direction tells the subject to turn left on a road with a clearly marked “no left turn” sign 

(See Figure 6.). The findings of the study suggested a high incidence of inattentional blindness, with 78% of 

the 44 subjects failing to notice the sign (2013). NASA-TLX measures of the subjects’ perceived mental 

workload during the task revealed that lower subjective measures of mental workload were associated with 

higher incidences of inattentional blindness, having implications for driving in the real-world due to the 

increased complexity of the modern driving experience and the increase in disengagement in the driving 

task (due to cell phones, radios, passengers, etc.) (Kennedy & Bliss, 2013). 

 

Figure 6. View from the driver’s seat in the driving simulation in Kennedy and Bliss’ (2013) study, showing 

the critical stimulus (a no left-turn sign). 

 

Inattentional blindness also has applications in heads-up displays (HUDs) for aviation. A study 

conducted by Haines (1991) examined whether having flight console information projected onto the 

windshield of the cockpit, allowing pilots to have simultaneous access to both flight console information and 
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data about the external environment, would have an impact the number of errors pilots make. Haines found 

that some of the pilots tried to land their aircraft, despite the runway being visibly obstructed by another 

aircraft. When questioned about the task, the pilots reported that they were completely unaware that there 

was an obstruction on the runway. Scholl, Clifford, and Simons (2005) recalled this study as a clear example 

of inattentional blindness—the pilots in Haines’ study did not report seeing the other aircraft on the runway 

despite looking directly at it through the windshield. 

This phenomenon is not restricted to a single domain, and can happen in any task where a person 

encounters an unexpected but salient event, like a surveyor missing a fleet of enemy ships, or a bicyclist 

blind to a large tree stump ahead on a clear road.  

 

The Future of Change Blindness and Inattentional Blindness Research 

While both change blindness and inattentional blindness research has come a long way since the 

phenomena’s increase in popularity during the 1990s, the neurological explanations for both phenomena are 

not fully understood. Like many psychological phenomena, there is an abundance of literature 

demonstrating objective behaviors associated with the phenomena, but the recent developments in 

neuroscience methods leaves much of the information about brain areas and neural networks associated 

with change and inattentional blindness understood. In the future, with the advent of brain imaging 

technology that is not only non-invasive and portable for naturalistic study, but also offers high spatial and 

temporal resolution for monitoring activity during a task, the neural substrates of both change and 

inattentional blindness will be illuminated. As our tasks become more complex, and our society shifts to 

utilizing a higher level of automation in our daily lives, change and inattentional blindness research will help 

increase the effectiveness and efficiency of monitoring and control tasks. The interest in these phenomena 

will never become irrelevant as long as humans exist and are capable of sight. 
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Appendix A 

Figures used in this document 

 

Figure 1. A graphical representation of the “flicker” paradigm utilized in change blindness research. A 

subject is presented with the first scene, then a “blank” is introduced to simulate a saccade before 

introducing the second, changed scene. 
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Figure 2. Stills from Simons (1998) “door study”. The initial confederate asking for directions is switched for 

another actor, and the subject fails to notice this salient change. The last panel is the two confederates side-

by-side 



 
ALYSSA T. GAULL 

Human Factors Psychology Portfolio 

 239 

 

Figure 3. A scene from Neissner’s (1979) “Umbrella Woman” study. The critical stimulus for the attention 

task is the tall woman with the white umbrella walking through the basketball players. 
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Figure 4. Scenes from Simons and Chabris’ (1999) study, demonstrating examples of four conditions of the 

experiment. 
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Figure 5. Examples of image sets used in O’Regan, Rensink, and Clark’s study on “mudsplashes”. 

 

Figure 6. View from the driver’s seat in the driving simulation in Kennedy and Bliss’ (2013) study, showing 

the critical stimulus (a no left-turn sign). 
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