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Project Description 
For my final project, I created a product called Spirit Billing. Spirit Billing is a piece of client 
invoicing software that can be integrated directly with the Ghostbusters’ existing ghost trap 
technology. Spirit Billing can be used to generate an invoice and/or charge a specified client for 
their outstanding balance based on the contents of the ghost trap. 
 
Before I started developing this piece of Ghostbusters technology, I conducted a thorough user 
analysis of the Ghostbusters team to ensure that my product would address one of their specific 
needs; I focused on their need to invoice clients and accept payment onsite at the time their 
services are rendered. I then created a set of design sketches before developing a low fidelity 
prototype, a high fidelity prototype, and a final prototype. Between each iteration, I implemented 
changes based on the results of user testing. I believe my final product could help the 
Ghostbusters conduct business more smoothly without modifying their existing ghost trapping 
protocol. 

User Analysis 

Users, context, and environment 
The primary users are the original Ghostbusters — three former Columbia University professors 
who are dismissed from the university and decide to turn their paranormal and parapsychology 
research activities into a ghost hunting, trapping, and storage business. The three founders 
(Egon Spengler, Ray Stantz, and Peter Venkman) have known each other for years, 
presumably because of their overlapping research areas. Although Egon and Ray often tease 
Peter about his lack of studying, all three men are intelligent, well educated, and have earned 
doctoral degrees. 
 
Egon, Ray, and Peter have slightly different personal goals. Egon is the brains of the 
Ghostbusters and is interested in collecting samples of ectoplasmic residue (slime!) for further 
study. Ray is the heart of the Ghostbusters and takes out a third mortgage on his family home in 
the Bronx in order for the Ghostbusters to have enough money to purchase their facility and pay 
for other startup costs: renovations for their headquarters, the Ghostbuster vehicle (Ecto-1) and 
necessary repairs, a ghost containment unit, proton packs, uniforms, and other business 
expenses. Peter is the voice of the Ghostbusters; he often serves as their spokesperson and is 
also interested in wooing the prettiest of the Ghostbusters’ female clients. Their main shared 
goals are to study the ghosts they find and to make their new business profitable. 
 
The Ghostbusters’ headquarters is an old firehouse located in New York, NY. Their location in 
downtown Manhattan provides them with a high number of potential clients, and their converted 
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firehouse is ideal for storing their vehicle onsite and quickly responding to emergency calls. The 
Ghostbusters have higher than average operating costs due to being located in an expensive 
metropolitan area. 
 
The Ghostbusters develop much of their unique technology based on their own scientific 
research. Because they are capable of designing and implementing their own inventions, they 
likely have a higher than average level of comfort with using technology. 
 
While the Ghostbusters are book smart, they do lack a certain amount of business acumen. 
They start their own business without ever drafting a business plan, and at one point in the film 
the three men are seen spending the last of their petty cash on takeout food. 
 
The ghostbusting job is physically demanding, and the Ghostbusters respond to calls similarly to 
firemen: when a client phones in a report about a spirit, an alarm bell sounds in the 
Ghostbusters’ facility, and they make a mad dash for their lockers (often making use of the 
fireman’s pole that is still in place at their headquarters). The three men suit up and hit the road 
in Ecto-1 to go catch the ghost. Their uniforms are janitor-like jumpsuits that they can zip up 
over their civilian clothes; this is handy because they can quickly dress for the job and the 
uniforms protect them from the massive amounts of slime they encounter while searching for 
and battling ghosts. The uniforms are loose and easy to move in, although they do make the 
Ghostbusters look like common exterminators. They also wear large black gloves while 
operating their ghostbusting equipment. 
 
The Ghostbusters attempt to pinpoint the ghost’s exact whereabouts after they arrive at the 
location with the reported paranormal activity. They use a handheld tracking device that 
operates like a metal detector, alerting the user with a series of lights and beeps when they are 
getting closer to a spirit presence.  
 
After the ghost has been found, the Ghostbusters use their proton packs to aim streams of 
radially polarized protons at the ghost, immobilize it, and guide it into an open ghost trap. With 
the ghost secured inside the trap, the Ghostbusters provide the client with a handwritten invoice 
and make their way back to Ghostbusters HQ to deposit the ghost in the specially designed 
containment unit in the basement of their facility. 
 
Other potential users: 
 

● Janine Melnitz, Ghostbusters secretary who is responsible for answering calls and 
handling other administrative tasks. 

● Winston Zedemore, who is hired to join the original crew of Ghostbusters when business 
really picks up. 
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Tasks 
The main tasks the Ghostbusters perform as part of their workflow are as follows: 
 

● Respond to calls from potential clients; schedule an appointment for a later date or 
respond to an emergency call immediately 

● Get dressed in their Ghostbusters uniforms 
● Travel to location with reported paranormal activity 
● Locate the ghost 
● Collect samples of ectoplasmic residue (if applicable); typically gathered by scraping 

sample into a large petri dish 
● Trap the ghost 
● Provide client with invoice 
● Travel back to Ghostbusters HQ 
● Move the ghost from the trap into the containment unit for storage purposes 
● Equipment maintenance and development 
● Administrative tasks: billing, scheduling, etc. 

 
These tasks are important because they are all necessary to keep the Ghostbusters business 
up and running. The Ghostbusters’ main source of income comes from trapping ghosts, so it is 
in their best interest to do so quickly and efficiently. 

Problem to address 
After capturing their first ghost at a fancy hotel, Peter rattles off a list of various fees owed and 
jots them down on a paper invoice to hand off to the client. Peter has to remove his gloves to 
write on the pad of paper, and viewers never actually see the Ghostbusters collect payment. It 
would be beneficial for the Ghostbusters to have an easy way to invoice clients and accept 
payment onsite at the time their services are rendered, especially since their initial loan to cover 
their startup costs has such a high interest rate. 

Feature Analysis 

System description 
The system I built — Spirit Billing — consists of a small green LCD screen with a corresponding 
set of physical navigation buttons that are all integrated into the top panel of the Ghostbusters’ 
traditional ghost trap. The navigation buttons are four triangle-shaped buttons (that serve as 
primitive arrows) arranged around a single circular select button in the center. I wanted to use 
physical buttons (and not a touchscreen) because the Ghostbusters wear gloves while 
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operating their ghostbusting equipment, and physical buttons will provide concrete user 
feedback confirming via touch that a button has, in fact, been adequately pressed. Even while 
wearing gloves, the Ghostbusters will be able to tell that a button has been fully pressed. I also 
wanted the entire interface to fit seamlessly into the Ghostbusters’ existing ghost-catching 
process so that ample functionality is offered without requiring a lot of additional work on their 
part. 
 
After catching a ghost inside the trap, the user will be prompted to generate an invoice for a 
specific client. If an invoice is not created on the spot, the Ghostbusters will receive a reminder 
to associate the trap’s contents with a particular client once they arrive back at their 
headquarters. However, if a client is selected, they will be billed for the contents of the ghost 
trap and an email invoice will be sent to them. The user will then be prompted to charge the 
client’s credit card for their balance owed. If the client does not pay on the spot, the 
Ghostbusters will be reminded to process payment for that particular invoice later. 

Major features 
The major features of Spirit Billing are as follows: 
 

● Alert the user when there is a ghost contained inside the ghost trap 
● Generate a reminder to invoice a client later 
● Send an email invoice to a client immediately 
● Generate a reminder to process a client payment later 
● Charge a client’s credit card immediately 

 
All of Spirit Billing’s major features ensure that the Ghostbusters will be able to invoice and 
collect payment from their clients in a timely manner. The invoicing and payment collection 
process integrates seamlessly with the tasks the Ghostbusters already perform as part of their 
current workflow. The invoices can be delivered instantly upon catching a ghost for a client and 
the digital invoice design looks much more professional than a handwritten paper invoice. The 
end result is that the Ghostbusters can provide high-end service to high-end clients and the 
“expensive” feel of the experience is carried through from the beginning of their visit until the 
end. 

Design Process 

Design sketches 
After identifying the problem that I wanted to solve, I created five initial sketches for my product: 
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Forearm cuff with interactive screen (I 
imagined this would be similar to Leela’s from 
Futurama) 
 

● Responds to voice commands (the 
Ghostbusters can’t use a touchscreen 
while wearing gloves) 

● Could be useful for other functions 
(like ghost proximity tracking) 

 

Modern electronic version of Peter 
Venkman’s paper invoicing system 
 

● Mini printer that can print paper 
invoice on the spot 

● Eco-friendly option to email client the 
invoice instead 

 

Invoicing web app that can be used across 
devices 
 

● Janine could also access the app 
back at Ghostbusters HQ while the 
Ghostbusters themselves are 
responding to calls and fulfilling 
appointments 

● Ideally still need voice activated 
options so the app can be used with 
or without gloves 
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Modified ghost trap that senses when ghost is 
present and generates a client invoice 
accordingly 
 

● Price could based on type of spirit 
contained inside the ghost trap 

● Fixed service costs could also be 
added to the invoice 

● No touchscreen or voice activation 
required 

 

Modified proton pack that knows how much of 
its charge has been used and generates a 
client invoice accordingly 
 

● Could be combined with ghost trap 
idea above 

● Assumes packs are recharged 
between each client, which may not 
be the case 

● No touchscreen or voice activation 
needed 

Low fidelity prototype 
When starting to develop my low fidelity prototype, I first identified the precise tasks I would like 
the user to be able to perform. My initial list of tasks was as follows: 
 

1. Inform the system which client the trap is currently being used to trap for 
2. Ghost is lured into trap and trap closes 
3. Feedback provided to the user indicating that the trap currently contains a ghost 
4. System confirms presence of a spirit and generates invoice for client indicated 

○ Invoice includes cost of trapping the spirit plus fixed costs for proton charging and 
spirit storage 

○ Invoice is sent to the client email address on file (later a paper copy can also be 
sent to physical address) 

5. Offer opportunity for client to pay immediately 
 
I made the following assumptions: 
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● The Ghostbusters want to render services first, prior to billing the client or accepting 
payment 

● The Ghostbusters need a way to perform the necessary tasks without using a 
touchscreen (in case they are on a job and still wearing their gloves) 

● The Ghostbusters charge clients fixed costs for proton charging and spirit storage 
● Only one ghost can be contained inside each ghost trap 
● Client contact and billing information is primarily entered into the system offsite, using a 

computer with a full keyboard 
 
Originally, I thought I would have the Ghostbusters identify the client they are currently trapping 
for as soon as they arrive at the scene with reported paranormal activity, immediately before 
they precisely locate and trap the ghost. As I thought more about this, I concluded that this may 
not always be feasible, or there might be situations where the Ghostbusters set out to trap a 
ghost but come up empty-handed, and therefore they would have performed an unnecessary 
task if they already had to associate a client with the (empty) ghost trap. I decided it made more 
sense to identify a client for billing purposes after the ghost has been successfully contained 
inside the trap. 

Images 
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High fidelity prototype 

Changes implemented 
After testing my low fidelity prototype with two people, I identified three changes to implement in 
my high fidelity prototype: 
 

1. A better way to sort through the client list, assuming that this list will eventually get quite 
long 

2. A way to accommodate “unknown” or “TBD” options when selecting from the client list, 
or perhaps a way to manually enter a new client on the fly 

3. A way to immediately accept payment from a client 
 

8 



 
 
Kristen Byers 
INST 631 Final Paper 

I used the Law of Uniform Connectedness and the Law of Common Region to develop a way to 
split the client list into two categories: individuals and companies. I designed the two categories 
to look like a set of old school file folders, and the user can use the left and right arrows to 
toggle between the two categories. Keeping Miller’s Law in Mind, I made sure that the client list 
only shows six clients at any given time (the remainder can be seen by scrolling). 
 
I also added “cancel” and “enter new” buttons to the screens that display the client list. 
 
At this point, I struggled with how to have the ghost trap act as a portable point of sale system. I 
knew I wanted customers to be able to pay on the spot, and my initial idea was to have a place 
on the ghost trap where you could swipe a client’s credit card. However, I decided that the ghost 
trap is likely too volatile to also act as a payment processor, and it would be better to just get 
permission to charge a client credit card that had been previously saved to the client’s file. I 
added a series of screens that appear after the invoice is sent asking if the user would like to 
charge the client’s credit card. 

Images 
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Debugging 
I had two people work with my high fidelity prototype to make sure I hadn’t neglected to create 
any screens and that I hadn’t accidentally linked any actions to the wrong screen. After a few 
small tweaks, I was ready to usability test my high fidelity prototype. 

Usability testing 
I conducted a usability test of my high fidelity prototype with five subjects (my coworkers on the 
Communications team at the University of Maryland’s A. James Clark School of Engineering). 
 
Unfortunately, I wasn’t able to wrangle anyone with a PhD for my testing, but four of my testers 
do have a Master’s degrees in Communications, so they are well-educated, but in a different 
field than the Ghostbusters. My fifth tester was our undergraduate student worker, who is a 
senior studying Journalism. Three testers are female and two are male; one tester is 
left-handed. Despite a rather vast age range (between 20 and 60 years old), all of them are 
comfortable using technology. 

Protocol 
I used the following protocol for the usability testing of my high fidelity prototype. 
 
Scenario: You are a Ghostbuster. You and your coworkers have gotten the hang of catching 
ghosts in ghosts traps using your proton packs, but your team isn't so good at remembering to 
invoice and collect payments from your clients. You are testing out a new piece of invoicing 
software that installs directly on the ghost trap to see if you like it. 
 
Tasks 

1. You have caught a ghost in the trap. Send an invoice to Kristen Byers for the trapping of 
said ghost. She would like to pay later. 

2. You have caught a ghost in the trap. You have to hurry to the next client appointment so 
you want to remind yourself to send an invoice later. 

3. You have caught a ghost in the trap. Send an invoice to New York Public Library. They 
would like to pay right away, so you want to charge the credit card they currently have on 
file. 

Testing notes 

 

Tester Approach Notes 

Melissa Simple observation Melissa caught on to the interface very quickly. 
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Both of my debuggers and most other testers tried to “touch” the 
green LCD display, but Melissa did not have this problem. 
 
She did not immediately see the distinction between the 
“company” and “individual” tabs in the client list, but she quickly 
figured it out after scrolling down through the entire list of clients in 
the “company” tab. 

 
As Melissa was working her way through the three tasks, I noticed 
the length of the confirmation messages felt a little long; Melissa 
was trying to move on to the next part of the task but the screen 
wasn’t ready for her to do so. 
 
She noted that she liked the ghost icon, but the “ghost in trap” 
alert screen could be more obvious, especially because the LCD 
screen stays a constant green color. 

Becky Think-aloud Becky caught on to the interface very quickly and was good at 
describing her process using the think-aloud method. 
 
She first tried to navigate the client list by touching the green LCD 
screen but then remembered to use the arrow keys instead; she 
suggested that the arrow keys will need to be bigger if the 
Ghostbusters are wearing bulky gloves. 
 
As Becky performed her tasks, the time between screens 
definitely felt too long; Becky became convinced that pressing the 
circular button in the center of the control pad made the screen 
switch to the next message (when really it had no effect and the 
screen was just set to change automatically after a certain 
number of seconds). 
 
Becky suggested that the “ghost in trap” alert screen could play a 
song from the Ghostbusters movie when a ghost is caught. 
 
She wondered if there would be an additional selection screen if 
the client had multiple credit cards on file. 
 
Becky complained that there is no search button and wondered 
what would happen if the Ghostbusters had a really successful 
business with a lot of clients. She would want a way to search if 
the list was much longer than it appeared in the high fidelity 
prototype. 
 
Becky was my only left-handed tester. She didn’t seem to object 
to the controls being on the right-hand side of the screen, but it 
did mean her hand was partially blocking the LCD screen from her 
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view while using the control pad; she had to pull her hand back 
slightly in order to read what was written there. 

Mark Simple observation Mark also caught on to the interface very quickly. He even 
verbally stated that “the interface is very intuitive.” 
 
He tried to navigate the client list as if it were a touchscreen 
several times, but always remembered to then use the arrow keys 
on the control pad instead. 
 
Even though we were not using the think-aloud usability testing 
method, Mark said “enter” out loud when pressing the circle 
button at one point — confirming that this button is definitely 
recognizable as the select button. 
 
He suggested that the “ghost in trap” alert screen could flash or 
move around a little bit. 
 
The confirmation messages seemed to really resonate with Mark. 
Even though I had not asked him to think aloud as he performed 
the three tasks, he would often say the first word or phrase of the 
confirmation out loud (“ok!” or “invoice sent!”). This led me to 
believe that the feedback provided by the confirmation messages 
(as well as the wording of them) was on track. 

Anjanette Thank-aloud Anjanette caught on to the interface the quickest of all the testers. 
 
She said that the circular button in the center of the control pad is 
very obviously a “yes” button. 
 
At first she tried to navigate the client list by touching the green 
LCD screen but then remembered to use the arrow keys instead. 
 
Anjanette was a speed demon and powered through the three 
tasks very quickly. She easily outpaced the confirmation 
messages and was getting impatient for the interface to display 
the next screen. She pressed the select button a few different 
times to try and force the next screen to display when it did not 
appear as quickly as she would have liked. 
 
After successfully charging a client’s credit card she said, “Cool, I 
get my money!” 

Jermaine Simple observation Jermaine managed to complete all three tasks, though he was the 
slowest of the five testers. 
 
He tried to use the interface as if it were a touchscreen several 
times. This was perhaps exacerbated by the fact that I used a 
mobile phone to demonstrate the interface, and the phone is 
inherently a touchscreen, but I did remind my testers that the 
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ghost trap uses an LCD screen alongside a set of physical 
buttons. 
 
He also had a very light touch and would tap the select button 
with the tiniest part of his fingertip; sometimes not enough of his 
index finger pad would make contact for long enough for the 
screen to register that he had indeed touched the select button. 
This led to some frustration, and the issue would be alleviated if I 
had been able to build a prototype with truly physical buttons. 
 
Jermaine had trouble figuring out how to navigate from the 
“company” to the “individual” tab, but he eventually figured it out 
without prompting. 
 
Even though Jermaine was the slowest at completing the tasks, 
he still outpaced some of the confirmation screens, and even tried 
pressing the select button to force the screen to change to the 
next one. 
 
He was the only tester to accidentally proceed to an incorrect 
screen, but he was able to find and use the functional “cancel” 
button to start over and perform the task correctly. 

Observations 
All five of my testers were able to successfully complete the three tasks outlined above in a 
short amount of time. The testers became faster and more comfortable with using the interface 
as they progressed through the tasks. Because of this, I concluded that the learnability and 
memorability of my interface were fairly high. 
 
Several testers commented that they liked the ghost icon used in the Spirit Billing logo and on 
the “ghost in trap” alert screen. However, most testers also stated that the alert screen could be 
more obvious about grabbing the user’s attention. According to the Aesthetic-Usability Effect, 
users often perceive aesthetically pleasing design as design that’s more usable. I decided to 
keep the ghost since users mentioned that they liked it, but going forward I did make the ghost 
blink a few times on the “ghost in trap” alert screen in order to make this notification message 
feel more insistent. 
 
It took most testers a few seconds to figure out how to toggle between the company and 
individual tabs of the client list. Users can toggle between the two lists using the left and right 
arrow keys on the control pad. I thought it through, and I could not devise a way to make this 
any easier, so I chalked this one up to Tesler’s Law (aka The Law of Conservation of 
Complexity). 
 
Most of my testers were operating so quickly that the confirmation messages felt too long. 
According to the Doherty Threshold, productivity soars when a computer and its users interact 
at a pace that ensures that neither has to wait on the other. My users were definitely waiting on 
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my confirmation screens, so I decided to shorten them to increase my users’ productivity when 
interacting with the Spirit Billing interface. 

Final prototype 

Changes implemented 
After analyzing the usability testing results for my high fidelity prototype, I identified areas for 
improvement and implemented two major changes to my final prototype before conducting 
another round of testing: 
 

1. Shortened the duration of all confirmation screens from 10s and 8s to 6s and added the 
option to press the select button to proceed to the next screen 

2. Made the “ghost in trap” alert screen more obvious by making the ghost icon blink 
several times 

Usability testing 
I conducted a usability test of my final prototype with five subjects — my friends who were 
present at Thanksgiving dinner. Three testers are female and two are male; the youngest 
testers are in their late 20s and the oldest testers are in their 60s. 
 
I used the simple observation method for all five testers and repeated the same set of three 
tasks from the usability testing of my high fidelity prototype. 

Observations 
All five of my testers were able to successfully complete the three assigned tasks in a short 
amount of time.  
 
As with the usability testing of my high fidelity prototype, the testers did sometimes try to interact 
with the interface as if it were a touchscreen (this was perhaps exacerbated by the fact that I 
used a mobile phone to demonstrate the Spirit Billing interface). Despite this, the testers caught 
on quickly and soon became comfortable using the control pad buttons instead of trying to touch 
the green LCD screen. 
 
The testers still took a few seconds to figure out how to move between the company and 
individual tabs of the client list. They all eventually figured out they could use the left and right 
arrow keys on the control pad to move between the two lists. Once they figured this out, they did 
not forget how to do it. 
 
The timing of the confirmation screens in the final prototype felt appropriate given the pace at 
which my testers completed the tasks, and a few testers made use of the newly implemented 
ability to press the select button to proceed to the next screen more quickly. 
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Discussion 
Developing technology for a special population like the Ghostbusters presents an interesting set 
of design challenges. A special population generally means there are special requirements that 
need to be taken into account when designing for them, and these special requirements cannot 
be ignored during the design process. Because the Ghostbusters business is the first of its kind, 
they do not have any competitors to take inspiration from or to model themselves after, and they 
do not have any previously established industry best practices that they can follow. All of their 
technology is designed, created, and maintained in-house and is only used by their immediate 
team members. They inherently know how to use their specialized equipment because they 
designed it (or, in Venkman’s case, they are taught how to use the equipment by the person 
who designed it). Because of the Ghostbusters’ unique needs, tasks, and environment, a 
thorough user analysis at the beginning of the design process is essential. Otherwise, it is 
difficult to identify with the users, the tasks they need to perform, the technology they are 
already using, and what sort of product could be designed to meet their specific needs and 
improve their workflow. A special population may not be able to describe or even identify their 
problems, so much of this work will fall to the designer. 
 
Testing of the various prototype iterations is always necessary, but it becomes particularly 
important when designing for a special population. Suspected weaknesses may be confirmed, 
but since the designer is probably not a member of the specialized user base, new discoveries 
will be made and the designer may uncover issues they had not anticipated. 
 
The interface I created relied on existing Ghostbusters technology (a ghost trap that Hollywood 
has proven can effectively trap and contain paranormal spirits). However, I can see how the 
paranormal presents a particular challenge in interface design. Since the paranormal world has 
few experts, finding legitimate information is difficult. In addition, because of the differences in 
how individuals perceive and experience paranormal activity, it may prove difficult to account for 
all of these variations in a single design. Again, extensive user analysis and usability testing 
would be required. 
 
In the case of Spirit Billing, the environment did significantly affect my design decisions. I 
created a product to be used by the Ghostbusters immediately after catching a ghost inside one 
of their preexisting ghost traps. The Ghostbusters wear bulky gloves while operating their 
ghostbusting equipment (including ghost traps), and I didn’t want to force them to remove their 
gloves before accessing Spirit Billing. This meant that I could not use a touchscreen interface to 
address the problem I identified in my user analysis. Since so many interfaces we use regularly 
rely on touchscreens, it required some thought, and forced me to think a little outside the box in 
order to devise a solution that could be used while wearing gloves. The immediately obvious 
solution was to use voice commands, but given the many issues with voice-to-text software, I 
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ended up using what one might consider “old” technology — an LCD screen combined with a 
set of physical buttons — because sometimes the simplest solution is the best one. 
 
In addition, the Ghostbusters’ location in New York City is important to consider when designing 
interfaces for them. With a population of over 8 million people, the Ghostbusters have a lot of 
potential clients, especially if they are the only business in the area offering unique services 
such as ghost trapping and removal. For Spirit Billing, this meant making special considerations 
for managing a large client list. There are other instances when products will need the ability to 
scale up to accommodate such a large client portfolio, and designers need to take care when 
creating such products. 
 
Special environmental considerations could certainly carry over into other domains; the 
Ghostbusters are not the only users who have special requirements and will need to have 
special considerations made to accomodate them and their needs. 
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