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Executive Summary

3

Our research has shown that 
many people struggle daily with 
the effects of stress, anxiety, 
and a lack of mental control or 
clarity. In order to address these 
concerns, our University of 
Washington MS HCDE capstone 
team CalmCats, in partnership 
with a virtual reality and 
meditation team at Intel, have 
developed a product to help 
overcome these barriers through 
the use of mindfulness and 
meditation practices in virtual 
reality.

Through an intensive and 
iterative process of design, our 
team has researched, ideated, 
storyboarded, developed, and 
evaluated a solution that 
addresses the needs of real 
users. Our solution is a virtual 
reality product suite for the HTC 
Vive that offers different guided 
meditations, including a new 
mindfulness focus exercise. In 
addition, our suite offers many 
personalized options to help 
increase the likelihood of 
matching the needs of each 
unique user.
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Design Question

Methods
Our team explored stressors common in our lives, in order 
to drive the conversation about existing problems and 
pain points. Stressors were categorized based on their 
commonalities. A single question was posed for each 
category, which led our team to develop a high-level 
research question.
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How might we enable a stressed 
user to effectively take control of 
their mind and anxiety with 
meditation practices in virtual 
reality?



Interviews
Purpose
Interviews helped us to gauge the potential of VR and 
meditation.  Through our findings, our team was able to 
gain valuable insights into individual meditation 
strategies, purposes and experiences.

Insights
■ An effective meditation is one that involves focus 

and breathing exercises.
■ Meditation is most often used for calming down and 

relieving stress.
■ Guided meditation experiences are most commonly 

used and are preferred.
■ Health, fitness, and meditation applications are 

often downloaded, but rate of usage is low.
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8 of 8
6 of 8
6 of 8
5 of 8 
4 of 8
7 of 8

Enjoy meditation
Said meditation involves focus on the breath
Said meditation involves calming their thoughts
Prefer a quiet room to meditate
Prefer a guided meditation experience
Had used a health, fitness, or meditation app



Surveys
Purpose
Surveys were conducted in order to spot the best 
opportunities for a useful meditation application. 
Through distribution on social media, we collected over 
180 total responses from a very broad audience. This 
information guided our persona dimensions.

Insights
■ Meditation is most often used for 

relaxation, anxiety relief, stress 
management, and concentration

■ People believe that meditation in VR 
could be effective
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Competitive Analysis
Purpose
Competitive analysis allowed us to identify products that 
work well, as well as the features that make them 
effective or ineffective. The goal for this step was to 
gauge potential gaps in the current market. To organize 
this information, we noted each application’s respective 
platform, price, user level of experience, features, benefits 
of usage, effectiveness, pitfalls, and overall success.

Insights
■ People prefer innovative relaxation techniques.
■ Breathing prompts are effective.
■ Ability to see progress is beneficial.
■ Gamification works well.
■ Simplicity is key.
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Design Requirements
■ Product should help users to relax.
■ Exercises should allow users to focus on breathing.
■ Afford users a way to track moods, through a 

mood/feeling rating and a journal option.
■ Gamification should be used to encourage 

long-term use.



Personas
Clarissa Clarity 

Clarissa is a full-time student, works part-time, and has a 
family at home. She finds it difficult to settle her thoughts. 
Her goal is to stop her thoughts from running wild  and to 
improve her focus.

Design Considerations:
■ Block distractions.
■ Provide subtle visual feedback as a means of 

achieving clarity.
■ Record progress to indicate positive results.
■ Provide effective audio or video. R
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Personas
Xavier Anxiety 
Xavier is a full-time professional, who finds himself 
under a lot of stress, and struggles with anxiety and 
depression. His goal is to relax and calm down in the 
short and long term.

Design Considerations:
■ Transport to a peaceful location.
■ Provide effective audio or video.
■ Provide feedback to inform the user of 

meditation effectiveness.
■ Block distractions.
■ Provide guided calming exercises.
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Individual Sketching
■ Design principles were defined based on research 

results to guide our choices.
■ As individuals, we explored a range of concepts 

from mild to wild. Dozens of ideas were created.

Perfection Game1 
■ Taking turns, each team member presented an 

idea, then a reviewer followed with “what would 
it take to make this a 10 for me?”

■ This approach encouraged us to gather the best 
aspects of each concept and build iteratively 
toward more refined concepts.

■ Using this format, we were able to efficiently 
present our individual concepts.

■ As a built-in benefit, we rapidly critiqued and 
iterated in a group format without distractions.

Combination
■ By rapidly exploring many concepts, we were 

able to identify key features and benefits that 
would address the needs of our personas.

■ By focusing on key insights, we were able to 
constrain our design and prioritize the features 
we would carry forward into the next phase.

Sketching and Ideation
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Storyboards

Function & Flow
■ We modeled the user flow using 

storyboards.
■ The level of functional detail was just 

enough to show key concepts.
■ Each mockup was presented in context 

of flow, with related requirements, 
attributes, and supporting info.

Xavier’s Scenario
■ We examined the user narrative from end 

to end from our persona’s perspective.
■ At the top of each storyboard, we began 

with Xavier’s story, setting the scene, and 
describing how and why he might use 
elements of the storyboard.

26 
storyboards

created
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Design Requirements

Each scene 
showed 
requirements & 
supporting 
research.

Requirements 
■ The team created a “baseball card” for 

each scene, with a graphic and key info.
■ Requirements were detailed here and 

ranked in priority in a separate effort.
■ These illustrated requirements were 

effective enough for our partner team at 
OSU to code a VR simulation to our specs.

Supporting Research
■ To ensure we were on track with our 

motivations and choices, we 
grounded each slide in our research.

■ We used our data to drive scene 
creation and design choices.

■ These proved helpful in supporting 
our decisions with our sponsor, Intel.
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Design Requirements

After user 
testing, new 
requirements 
and insights  
were added to 
our storyboards.

New Requirements
■ We revisited the baseline storyboards and 

updated after user testing completion.
■ Our revised end-to-end concept improved 

usability of the hand and breath guides, added 
in-scene triggers, and offered new user coaching.

■ Our OSU partner team updated their VR model 
based on these improved requirements.

Insights from Testing
■ There is some subtlety to designing VR 

experiences. 
■ Some clear pain points and quick 

improvements were identified.
■ Early validation often helped ensure 

that our design work was guided in a 
positive direction.
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Lo-Fi Breath
Prototype & Test
Participants: five (5), of mixed gender, age, VR & 
meditation experience, and VR interest
Type: Wizard of Oz Experiment2 - Physical Prototype
Materials: Lampshade, hat, sheet, LED light
Actions: Participant is seated with lampshade/hat on 
head, plus sheet covering to create VR headset and 
isolation effect. Moderator encourages audible relaxing 
breaths. Assistant steps forward and back as the 
participant breathes, shining light closer and farther 
from shade to simulate a breath guide. 

Evaluate
Participants generally did not enjoy this experience. 
There were confounding setup factors, as the test was 
very hard to execute in sync with the user’s breath. 
However, we discovered real opportunities which 
greatly improved our results in Hi-Fi testing.

Instructions matter.
Users were unsure if the guide 
was leading or following, and 

this provoked anxiety.

Observation Lo-Fi
Lampshade+Light

Helpful for stress ★★★★★

Visuals (light, cloud) ★★★★★

Motion (light tracking, animation) ★★★★★

Understood interaction ★★★★★



Observation Hi-Fi
Cloud Presentation

Helpful for stress ★★★★

Visuals (light, cloud) ★★★★

Motion (light tracking, animation) ★★★★

Understood interaction ★★★★
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Hi-Fi Breath
Prototype & Test
Participants: four (4), of mixed gender, age, VR & 
meditation experience, and VR interest
Type: Wizard of Oz Experiment2 - 2D Computer 
Presentation
Materials: 2D Powerpoint Presentation
Actions: Participant is seated in front of a computer 
monitor. Moderator describes scene and encourages 
audible relaxing breaths. Assistant presses keyboard 
arrow in sync with breath to simulate breath guide. 

Evaluate
Participants universally loved this experience, finding it 
very helpful for stress reduction. They were easily able 
to imagine a more immersive version of this activity, 
partly because we first let them try on the VR headset, 
and gave a clear scene setup. The only negative 
comment was that the visual was “too cute”, though 
they quickly became accustomed to it.

Breath needs coaching.
Even without the cumbersome 

lampshade, breath focus was not 
easy for some users, reinforcing the 

importance of new user training.



Lo-Fi Hands
Prototype & Test
Participants: five (5), of mixed gender, age, VR & 
meditation experience, and VR interest
Type: Wizard of Oz Experiment2 - Physical Prototype
Materials: Two laser pointers, spotlight
Actions: Participant stands or sits facing a wall, with a 
spotlight casting a shadow from behind. Assistant 
shines two laser pointers on the wall. Moderator 
encourages participant to relax and follow the lights, as 
the assistant slowly moves them for several minutes.  

Evaluate
Participants enjoyed this exercise and found it helpful 
for stress relief, but more helpful for focus. There were 
some complaints about unsteadiness that users thought 
would be eliminated in a VR model.  

Calming pair.
The participant and laser assistant 
became a bonded mediation pair 

as they followed each other’s 
motions.

Observation
Lo-Fi 

Laser Pointer

Helpful for stress ★★★★★

Helpful for focus ★★★★★

Motion (speed, pattern, range) ★★★★★

Sound (ocean waves) not included

Understood interaction ★★★★★

Pr
ot

ot
yp

e 
&

 E
va

lu
at

e

20



Hi-Fi Hands
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Observation
Hi-Fi

VR Orbs

Helpful for stress ★★★★

Helpful for focus ★★★★

Motion (speed, pattern, range) ★★★★

Sound (ocean waves) ★★★★

Understood interaction ★★★★

Prototype & Test
Participants: four (4), of mixed gender, age, VR & 
meditation experience, and VR interest
Type: Virtual Reality Model
Materials: HTC Vive equipment & VR “Orbs” prototype
Actions: Facilitator sets up equipment and launches VR 
program. Participant puts on equipment and is asked 
how they might interact with these orbs on a beach.  
Coaching is provided, then they are allowed to interact 
for a silent 2-3 minutes with the hand guides. 

Evaluate
Participants were relaxed in this exercise, and in fact 
were somewhat stressed. Some found it useful for 
focus, but not pleasantly so. They did like the ocean 
sounds and the island animation.

Tuning VR settings.
Users were stressed by the 

patterns of movement, height, and 
speed. In the future, coding 

adjustable settings may help with 
calming.
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Lo-Fi Menus

Observation Lo-Fi
Cardboard Menus

Goals ★★★★★

Scenes ★★★★★

Sounds ★★★★★

Actions ★★★★★

Overall Layout & Interaction ★★★★★

Prototype & Test
Participants: five(5), of mixed gender, age, VR & 
meditation experience, and VR interest
Type: Physical mockup
Materials: Cardboard, cut paper circles, tape, markers
Actions: Facilitator guides participant through “what 
would you expect” questions on each level of the menu, 
clarifying expectations and understanding. Open 
questions also asked about areas of improvement.

Evaluate
The very low resolution left participants willing to share 
ideas. The physical models were used to judge how 
closely users might stand to the menus and if they 
might physically interact, which they didn’t. A key 
finding was that “Actions” should be renamed “Guides”.

VR Menu alternatives
Some participants offered the 

insight that they’d rather select 
options naturally within a VR 
scene, rather than use menus.
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Hi-Fi Leaves
Prototype & Test
Participants: four (4), of mixed gender, age, VR & 
meditation experience, and VR interest
Type: Virtual Reality Model
Materials: HTC Vive equipment & VR “Leaves” model
Actions: Facilitator sets up equipment and launches VR 
program. Participant puts on equipment and is asked to 
describe what they see and how they might interact 
with this forest if given biofeedback sensors. They are 
then given a 2 minute guided meditation.

Evaluate
Participants enjoyed the animated scene, nature 
sounds, and voice guide, though they were less focused 
on leaf color change. Some animation was distracting.

VR blocking defects.
Participants are less forgiving of 
defects in VR environments, so 

annoyances are judged critically 
and may obscure nuanced info.

Observation Hi-Fi
Biometric Leaf Color

Animated Environment ★★★★

Leaf color change ★★★★

Sound (ambient bird noise) ★★★★

Voice Guide (meditation) ★★★★

Leaf & branch movement ★★★★

Enclosed rock walls ★★★★
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360 
Video
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Transport 
yourself 
anywhere.

Benefits
■ Provides calming visuals and audio 

which help block out distractions.
■ By far, people interviewed wanted 

most of all to be transported and 
immersed in a beautiful scene.

Features
■ Provides high resolution VR 360 

videos with rich audio.
■ Offers a wide range of scenes 

from a deep library.
■ Option to explore public 360 

video sources with scenes rated 
by a community of users.

I’d imagine I’d like a 
meadow … peaceful, 
relaxing, sunny clear sky.  
A place like paradise.  - jh

“
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Breathing 
Feedback
Get calm faster 
with a visual 
breath guide.

Benefits
■ Helps relieve anxiety by reinforcing 

calming breath when needed.
■ Focus on breath was a preferred 

method of meditation and relaxation 
from those surveyed.

Features
■ Activate any time by making 

audible relaxing breaths.
■ Breath guide animates within 

any VR meditation scene.
■ Dismiss at any time.

I loved it. It helped me to 
breathe from my core and 
I was able to get into a 
rhythm.  - tb

“
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Guided 
Hands
Engage your body if 
your thoughts keep 
running wild.

Benefits
■ Helpful for people with active minds 

who need mental clarity or focus.
■ Physical movement has supported 

meditation for generations, through 
yoga, tai chi, and other practices.

Features
■ Activate naturally within any 

scene. Just pick up a controller.
■ One or two hands; sitting, 

standing, or even laying down.
■ Dismiss at any time.

It’s nice to focus on 
something completely 
unrelated to all the other 
things in your life.  - rb

“
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Animated 
Biofeedback
Change the world 
around you with your 
own biometrics.

Benefits
■ Animated environments are new 

every time, tuned to your inputs.
■ Scenes can be constructed based on 

your self-rated mood, breath, or even 
your heart rate and other biofeedback.

Having the visual of the 
trees changing colors 
was great and helpful for 
getting me to relax.  - cg

“Features
■ Scenes are generated either 

randomly or with sensor input.
■ A library of unique scenes is 

available, with both abstract and 
nature-based animations. 
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Goals and
Reports
Journal your 
thoughts and see 
long-term results.

Benefits
■ Helps reach goals such as calm or 

focus and maintain as time passes.
■ Gives an easy, visual view after each 

use, to see the history of your practice. 

Features
■ Easy self reporting of your own 

state of stress or calmness.
■ Optionally leave transcribed 

verbal notes by simply speaking.
■ Explore simple, informative 

graphs.
■ Skip it if it’s not for you.
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Menus and
Options
Tap into deep varieties 
and create your own 
experience.

Benefits
■ A deeply customized environment is 

easily configurable, allowing your 
experience to totally meet your needs.

■ Never grow bored with a few options - 
explore music, scenes, and more.

Features
■ Menus are simple and subtle, so 

they won’t get in your way.
■ Easily invoke many of the options 

directly from scenes.
■ Visit the menus when you want 

more detailed, visual coaching.
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Journey Into the Unknown
Overall, our capstone project was a journey 
through a field unexplored: prototyping and 
testing a VR product without constant 
access to and usage of a coded, VR 
environment. Our team places more value on 
the process utilized and lessons learned 
rather than the actual final product, which is 
currently unfinished due to the shortage of 
time. We were incredibly ambitious with our 
capstone project from the start and faced 
many unexpected challenges along the way. 
However, our team was highly motivated by 
the fact that VR is still an emerging field. Due 
to the novelty of the rapidly growing VR field, 
no specific user experience practices have 
been established yet, which challenged us to 
be creative with development of ways to 
design a VR product without any 
programming experience.

Final Reflection
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Importance of Partnerships
Our project team ended up larger than just 
the four of us. We partnered with a 
three-man capstone team from Oregon State 
University (OSU), who programmed our 
virtual reality hands experience in Unity for 
the HTC Vive based on our design 
requirements. We also had weekly meetings 
with our Intel sponsors and larger team, 
where each counterpart checked-in 
regarding their progress and kept everyone 
up to date with upcoming plans for work. 
Without the OSU and Intel teams, our 
product could not have gone as far as it did. 
It was a great experience to work on a 
project involving multiple teams, which is 
more similar to a real-world industry project.



What We Would Change
Halfway through our project, our team 
realized that we had too many milestones 
and not enough time to complete everything 
we wanted to do. We spent a considerable 
amount of time adjusting our week-by-week 
schedule plan while simultaneously doing 
work for and completing deliverables. It 
would have been better to have fleshed out a 
more realistic plan from the beginning for our 
workload amount as well as the completion 
of deliverables involving other teams so that 
we would not have felt as rushed in the last 
third of our capstone project.

Final Reflection
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In Hindsight
Going into capstone, it would have been nice 
to know that even though capstone is a 
6-month long project, the first 3 months are 
planning, which means that it is really only 
the last 3 months where the execution takes 
place. This was incredibly limiting for the 
number of tasks we originally hoped to 
accomplish and we ended up having to cut 
some things out of our timeline plan. In 
addition, it would have been extremely 
helpful to have learned more about visual 
design elements as well as video editing prior 
to the end of the quarter so that we could 
have been more fully prepared for the slew of 
final deliverables at the end.



Full VR Prototype
Although we were able to get the hands 
exercise prototyped in Unity with the help of 
the OSU team, we would have liked to see the 
rest of our product suite prototyped in VR as 
well. However, with only 10 weeks, it was 
barely enough time to even design the product 
suite, let alone build a full VR prototype with all 
of our elements included.

Biofeedback Integration
Many of our product features and exercises 
involve the use of biofeedback. Although we 
cannot specifically say which biometrics, it 
would have been amazing to see the actual 
biometrics interact with our VR product in the 
way we designed for.
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Future Directions

Menu Design
During our usability tests, some participants 
had suggested a more integrated menu format, 
rather than the vertical menu you often see on 
websites. For example, in addition to having a 
static menu, there would be menu controls 
within the VR environment itself. We would 
have liked to look into this design concept of an 
integrated VR menu if we had more time.

More Usability Evaluations
We barely had enough time to conduct two 
usability evaluations, although we were able to 
complete two full testing cycles. However, there 
are still many more iterations and changes we 
would have liked to prototype and test again if 
we had more time.



Ryan believes design 
is all about making it 
easier for people to 
connect with the 
experiences and 
people that matter 
most to them. As an 
industrial designer 
and more recently a 
UX designer, Ryan  
has been developing 
consumer products for 
over 10 years. C
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Meet the Team

Kira’s background is in 
architecture and CAD, 
but she has been 
working in User 
Research and UX 
design roles for the 
past 4 years. Kira is 
very interested in the 
usage of technology 
for improving human 
well-being.

Paul has a master’s 
degree in mechanical 
engineering and a varied 
career background, 
ranging from 
woodworking to 
software design and 
management. UX draws 
from all of the unique 
experiences he has had 
and they allow him to 
take more creative 
directions in his work.

Ricki’s background is 
in psychology and her 
passions lie in 
cognitive, social, and 
biopsychology, so she 
is fascinated with 
technological topics 
relating to those 
realms, including 
virtual and augmented 
realities.

Paul TownsendRicki MuddRyan MooreKira Cassels

cassels.kira@gmail.com ryan@mooreID.com ricki.mudd@gmail.com pjtownsend33@gmail.com
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1. The Core Protocols - Perfection Game
Copyright © 2010 Jim and Michele McCarthy
http://bit.ly/2ne9kRx

(The Core is distributed under the terms of the GNU General Public License as published by 
the Free Software Foundation, either version 3 of the License, or (at your option) any later 
version. For exact terms see http://www.gnu.org/licenses/. The Core is considered as source 
code under that agreement. You are free to use and distribute this work or any derivations 
you care to make, provided you also distribute this source document in its entirety, including 
this paragraph.)

2.   Wizard of Oz Experiment
http://bit.ly/2m8RAoZ

Kelley, J. F. 1984. An iterative design methodology for user friendly natural language office 
information applications. ACM Trans. Inf. Syst. 2, 1 (Jan. 1984), 26-41. DOI= 
http://doi.acm.org/10.1145/357417.357420
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