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RE4Design:
RHYTHMIC ENTRAINMENT
FOR DESIGN FRAMEWORK

HOW TO USE
This framework is built to inform designers about Rhythmic Entrainment. 
It contains a quick overview of the information that is provided in the accompanying 
thesis report. The color of each bubble corresponds to the chapter of the thesis 
where information of that bubble came from. The findings are divided into 7 insights, 
as seen on the right.
Please inform yourself from left to right.

“Rhythmic Entrainment
for design”
Frederike Stortelers

Full (zoomable) version of 
RE4Design Framework:
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EXAMPLE CONCEPT

BE
NC
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ARK

ResonanceFor relaxation
4,5s IN - 4,5s OUT

Sleep
To sleep better4s IN - 7s hold - 8s out

START

START

I should use 
Glimp to relax

Start breath analysis

Lets get to know you!

Step 1: place your phone 

on a flat surface in front of you

Step 2: look towards the phone, 

breathe as you normally would
Wait untill it is done measuring!

O   Fill in questionnaire
      (First session)

O   Do a breath analysis
      (Every 2-3 sessions)

The first session...

Measuring breath..

SKILL LEVEL: 1

Measuring

Breathe in... 
and Out...

Follow the vibrations of
the Pebbles 

SKILL LEVEL: 2

Average UserR: IN: 0,15 OUT: 0,85
Average UserT: 12 BrPM (N>15)
Skill: Mid

Post session

Did the duration of the In- and Exhale feel good?

           I feel like the 
inhale is 

too long 
for me

POST SESSION USER DATA
PPG SENSOR DATA: Average UserT during session 

USER OPINION: Estimation of their breathing Rhythm 

UserR: IN: 0,25 OUT: 0,75 UserT: 12 BrPM Skill: Low

USER DATA
0,25

12 BrPM12 BrPM

0,75 0,25 0,75

Experience in:
Yoga: 0/10
Breathing: 1/10

Questionnaire 
results:

POST SESSION USER DATA

PRIOR USER DATA

OUTPUT

t session

START:
Strictness: Low
Tempo: 40% * UserT + 60% GoalT
Rhythm: 100% of UserR

ENDING:
Strictness: Low
Tempo: 100% GoalT
Rhythm: 100% GoalR

Session plan

PPG SENSOR DATA: Average UserT during session 

t session

Session plan

ResonanceFor relaxation
4,5s IN - 4,5s OUT

Sleep
To sleep better4s IN - 7s hold - 8s out

START

START

GLIMP
Helps relaxing through
breathing exercises

Feedback on your progress
with HRV score

Uses handheld “Pebbles”

Breathe in
when the left pebble 

vibrates, and breathe out
when the right pebble

vibrates

Brrrr

Le
ft

Right

In

Out

Okay, lets relax

Breathe
Calm

How long is this inhale?!

Whoops I’m too early

Too early..
Hm. Again.

How?

Ughh

Okay breathe in further?

This is confusing..

My lungs are 
too small!

Ow this hurts

It’s not 
helping

I can’t do it

I can’t hold my breath 
this long

I should use 
Glimp to relax

How to make Glimp 
responsive to the breath 

of the user?

Importance of Rhythm vs Tempo:
“I really wanted to be in rhythm 

with the sound but when my 
lungs are full, they’re full, I can’t 
add more air if there’s no space 

in my lungs left” 

Measuring breathing 
Rhythm is complicated & 
data is delayed

Knowledge on character
does not translate across 
types

Importance of skill:
“If inhaling took too long I knew there 
was still some space if I steered my 

breath towards my stomach. I did this 
before with the Wim Hoff method” 

The concept adopts a “configuration” level of responsiveness
 to the breathing rhythm of the user, 
in combination with a variety of data measurements 
of the user and a soundscape that adjusts to their skill level.

Conclusion:

What is desirable, 
feasible & viable?

Does an increased level
of responsiveness (”real time” 
vs. “configuration”) increase 

user comfort?

Prototypes Usertest

RESOURCES

PRODUCT HUMAN

CONTEXT

SKILL/
PREFERENCE

ATTENTION

MOTIVATION

INTERACTION
CHARACTER

PLACEMENT

RHYTHMIC
 TASK

FROM RESEARCH

FROM PRODUCTS
Lovense
A sex toy that uses app-controlled vibrations 
that can be controlled by a partner or interact 
with the sextoy of the partner. 
The field of teledildonics has many versions 
of this product. 

Social music
Music performance and listening 

strengthens social aspects 
between groups 

(Fink et al., 2022; J. W. Krueger, 2011)

Running on beat
The time before a runner 

is exhausted was longer when 
a rhythm played in the same tempo 
as their cadence (Bood et al., 2013)

Soundbrenner
A wearable metronome 
that uses tactile 
vibrations to help 
musicians keep a 
consistent tempo
while playing music.
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Spotify 
playlist:

RHYTHMIC ENTRAINMENT (RE)
The process of (at least) 2 weakly 
coupled autonomous rhythmic agents, 
adjusting their rhythms toward a 
common phase or periodicity.

RHYTHM

AFFORDANCE

A pattern of repeating elements/pulses 
with a constant ratio between the 
duration of the pulse and the “silence”. 

The relationships an animal has with 
certain (sensitive/attuned to) 
contexctual information (resources), these 
relationships create features that animals 
have the ability to 
  interact with.

RHYTHM CAN...

Be emotional

“I see everyone enjoying the music, 
I see their emotions and movement, 

but I do not feel it. I’m outside of it all”

Steve Toet (Hearing disabled)

“I want to be close to my crowd 
so I can feel them stomp to the music, 

then I know if I’m doing it right.”
 JEANS (Techno DJ) 

Respond via the context

Be an engaging social experience

“When everyone is together [in the rhythm], 
there’s no end or beginning in who you 
are and who the other is”

Jikke van Giffen (Singer)

Be multimodal

“I can tell if the boat is doing okay 
by hearing e.g. the oars and feeling the 
movement of the rowers”

Jeroen Smit (Coxswain)

RESPONSIVE:

WHY IS THIS VALUABLE?

LEVELS OF RESPONSIVENESS

A product that is able to adjust the 
output rhythm by analyzing user input 

with sensors and data.

Responsive contexts were considered valuable 
in the interviews and research has shown it can
generate strong positive effects. Most products on the
market are not responsive. 

A few levels were distinguished, which differ in their
input speed, output speed and origin of data. 
More responsiveness is assumed
    to be beneficial
 

Neural Breath rate Gross motor skill Fine motor skill Shared

Case from research

Product case

Unique, organic feeling actuator

Confusing whirring sound

W
HI

RR
IN

G NUDGING

MOONBIRD

APOLLO NEURO

Bracelet shifts when moving,
changes the vibration sensation

BUMPING
SIZZLING

Pattern changes every 20s,
confusing and distractive

Shame due to aesthetics

TACTILE TRANSDUCER

Forceful vibrations

Heavy and big

BEATING

RUMBLING

Changeable intensity

App controlls

Commonly occuring features:
RUMBLING

                    GLIMP

           M
AGIC MOTION Drawing rhythms

in the app

NUMBING
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