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Abstract

COPD (chronic obstructive pulmonary disease) is a leading cause of illness and
mortality worldwide. According to WHO estimates, 65 million individuals suffer
from moderate to severe COPD. COPD killed about 3 million people in 2005,
accounting for 5% of all deaths worldwide, and it is expected to be the third
greatest cause of death by 2030. Developing countries are rapidly changing.
Socioeconomic development, industrialization, urbanization, changing age
structures, and changing lifestyles have resulted in a growing burden of non
communicable diseases(NCD) like COPD in the countries. India contributes a
considerable and growing proportion of COPD mortality, which is considered to
be among the highest in the world, with more than 64.7 estimated age-
standardized death rates per 100,000 people in both sexes. Crude estimates
suggest there are 50 million COPD patients in India. Among which the disease is
very much non communicable in kids. Spirometers is breath analyzer or device
used for conducting spirometry test for the diagnosis of respiratory issues like
COPD & Asthma. This project is redesign the spirometer for kids of 5-10 years old
to encourage them and test their lung function for the betterment of their life.
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1.Introduction

1.1 What is spirometer?

A spirometer is a medical equipment used to perform
spirometry tests for identifying lung illnesses such as

COPD, asthma, bronchitis, and emphysema. A spirometer is
frequently used to determine the cause of shortness of breath,
examine the influence of pollutants on lung function, the effect
of medication, and evaluate disease treatment progress.

Figure 1. Spirometer
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1.2 Understanding spirometry test

Spirometry is a common office test used to assess how well
your lungs work by measuring how much air you inhale, how
much you exhale and how quickly you exhale.

Spirometry is used to diagnose asthma, chronic obstructive
pulmonary disease (COPD) and other conditions that affect
breathing. Spirometry may also be used periodically to
monitor your lung condition and check whether a treatment
for a chronic lung condition is helping you breathe better.

1.3 Who should take a Spirometry test?

*  Chronic Obstructive Pulmonary Disease (COPD)
patients

* Asthma

* smokers and former smokers

* Elders with respiratory issues

*  persistent cough and sputum production

* frequent respiratory tract infections

* patients with undiagnosed respiratory symptoms

User group - 5-85
Frequency of use - Once in 3-6 months

Spirometer

Nk

Figure 2. Clinical testing of spirometry

for kids
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1.4 Indian Scenario

COPD (chronic obstructive pulmonary disease) is a
prominent cause of sickness and death around the world.
Developing countries are undergoing fast
transformation. Socioeconomic development,
industrialization, urbanization, changing age structures,
and changing lifestyles have all contributed to an
increase in the burden of non communicable diseases
(NCDs) such as COPD in the countries. India has 18% of
the world's population, but India accounts for 32% global
respiratory diseases , Despite the huge and growing
burden of COPD in India’ more than 95% of COPD COPD is the 2" most prevalent disease in India with
patients in the community remain undiagnosed. i i

However, Several epidemiological studies have addressed :i""':r *i' b Y

the prevalence of COPD in India, with the methodology M"“{ ! 'M""E 5??4 :"‘W"
used and the definitions used for diagnosis being the ':z'?'f“?" vl 3‘.}.‘;"1’“"“ W 1
Ilmltmg factors. Patients affected

Figure 3. Indian scenario
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2. Secondary study
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2.1 Types of spirometers

2.1.1 Incentive spirometers

Incentive spirometers are handheld devices used to
promote lung recovery after illness, infection, or surgery.
This is a very basic device (pictured beside), which operates
some indicative in it .It does not include any electrical
components. Essentially, when the user breathes in or out,
Balls inside on the inside of the tube will rise, actively
measuring the amount of air taken in by the lungs Inhaled
air is the only measurement an incentive spirometer can
provide. The purpose in using an incentive spirometer is to
promote lung activity and prevent fluid from building up,
hindering pneumonia from developing.

/ vgnlll'

Figure 4. Incentive Spirometers
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2.1.2 Volumetric incentive spirometers

Volumetric Incentive spirometers are handheld devices
used to promote lung recovery after illness, infection, or
surgery . Apart from basic incentive spirometer this come
with analog measurements on the device providing a
volumetric guideline for adequate lung exercise . The
measurements and indications Inspiratory indicator
encourages patients to maintain an appropriate rate
inspiration

2.1.3 Peak flow meter

Unlike an incentive Spirometer, peak flow meters measure
exhaled air from the lungs. These devices are also capable
of measuring PEF (Peak Expiratory Flow Rate) and FEV1
(Forced Expiratory Volume in the first second you exhale).
The digital aspect means they are electronically functioning
devices that measure exhaled air via an internal turbine
system. The problem with internal turbine systems is that
they are susceptible to debris and damage, resulting in a
shorter device lifespan. Though digital peak flow meters are
useful most currently available on the market today, do not
measure FVC (forced viral capacity) - the total amount of
air measured during an FEV test. They are also non-
rechargeable (require batteries) and are not compatible
with any Bluetooth function or App features.

—q‘

Gkt

[TT#
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Figure 5. Volumetric Spirometer

Figure 6. Peak flow meter

Spirometer for kids
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2.1.4 Desktop spirometers

Desktop spirometers are spirometers that are used
extensively in clinics. This typically have a built-in display
and printer and produce a report on thermal paper. They
will often also send data to a PC for electronic reports to be
archived, typically as a PDF.

2.1.5 Medical workstation spirometers

Medical Workstations are stand-alone medical devices that
can also be linked to your office network. A range of
hardware can be connected to the device for different
physiological measurements, including spirometers, BP,
ECG, Sp0O2, medical scales etc. One medical workstation, the
Vitalograph COMPACT, has a built-in spirometer.

U,

“ *

gy " L ¢
W

Spirometer for kids

Figure 7. Desktop spirometer

Figure 8 Medical workstation spirometer
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2.1.6 spirometers

Personal Spirometers allow those with chronic respiratory
conditions such as asthma, COPD, chronic bronchitis, cystic
fibrosis, and pneumonia to continually monitor and test their
pulmonary function. Monitoring respiratory health on a daily
basis can help those which chronic respiratory conditions
identify anomalies, trends, and even improvements in lung
function due to treatment.

2.2 Advantages of personnel spirometers

Pocket-size Solution for Lung-sized Problem!
Conduct lung function tests at home with the world's first

personal ultrasonic spirometer and track your lung health
trends via mobile app.

Clinical Accuracy at Home
Perform pulmonary function tests with clinical precision,

anytime, anywhere.

Hassle-free Mobile Application
Connect the Personal spirometer to your mobile phone via

Bluetooth. An intuitive user interface guides you step-by-
step through tests, alerts you about errors, and helps you
improve your technique. Share your trend reports with your
healthcare provider with the tap of a button.

Continuous Monitoring for Your Lung Health
Your doctor can track your test results and monitor your

progress remotely
as you perform your spirometry tests at home.

SPIROMETER

Vi

Figure 9. Digital spirometer

Spirometer for kids
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2.3 Understanding the Spirometry Results and What
Happens Next

Spirometry will give the doctor information about why the
patient may have a cough, shortness of breath, or noisy
breathing and help diagnose certain lung problems. After
the test, the patient can return to your normal daily
activities.

Normal values are calculated based on age, height and
gender. If a value is abnormal, a lung problem may be
present. Sometimes a patient with normal lungs may have a
breathing test value that is abnormal. The doctor will
explain what the test results mean. Depending on the
results of the test, the doctor may prescribe inhalers or
medicines to help improve patient’s lung function. The
testing may be repeated at future visits to monitor the lung
function.

Figure 10. Hand held Digital spirometer

Spirometer for kids
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2.4 Measurements in spirometer
What all measurements does spirometry test
provide?

Peak flow readings are higher when patients are well, and
lower when the airways are constricted. From changes in
recorded values, patients and doctors may determine
lung functionality, the severity of asthma symptoms, and
treatment.

The standard spirometry test is a maximal forced
exhalation (with greatest effort) after a maximal deep
inspiration (completely full lungs). Several indices can be
derived from this blow.

*  FEV1 - Forced Expiratory Volume in One Second - the
maximum volume of air that the subject is able to
exhale in the first second. This is the single most
important index.

* FVC - Forced Vital Capacity - the total volume of air
that the subject can forcibly exhale. This can take as
long as 20s in subjects with obstructive lung disease.

Spirometer for kids

(FEV1) .
Forced Forced vital
expirator vital capacity

y volume capacity (VC)
in1s (FVC)
Peak Inspirato
FEV1/FVC . ry vital
. expirator .
ratio y flow capacity
(PEF) (VO

Figure 11. Measurable values in spirometer

FEV6 - Forced Expiratory Volume in Six Seconds - the
maximum volume of air that the subject is able to exhale
in 6s.

FEV6 is a useful and validated surrogate for FVC.

FEV1/VC - the ratio of FEV1to VC, FVC or FEV6 (whichever
larger) expressed as a unit less ratio - not a percentage to
avoid confusion with percent of predicted.

IDC School of design, lIT Bombay
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2.5 Factors effecting spirometry measurements

Age Lung function generally increases with age up to ~25
years, then declines with increasing age afterwards.
Unfortunately, some lung function equipment will give
patients aged <25 years larger predicted values than at age
25 years. To avoid majorly overestimating the predicted
value for patients <25 years of age, the best course of action
is input the subject’s age as 16 years and then 25 years. If
the predicted is larger at 16 years, then use the value for 25
years.

Sex Pre-pubescent males and females generally have the
same lung function, but post-puberty, the growth of the
thorax is greater in males, giving marked differences in lung
volumes.

Height The taller the person, the bigger the lungs.

Weight Certain reference equations use weight to calculate
reference values. Weight affects lung function in that
increasing weight causes increasing lung function until
obesity is reached, after which it has the opposite effect.

Spirometer for kids
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Figure 12. Factors effecting spirometry measurements
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2.6 Spirometry test procedures

Test happens in 3 parts . 1% includes the pre- test
instructions given to the patients in order to get the
proper and accurate measurements of the lung condition
of the patient without any bias. Next is pre-Bronchodilator
test in which the test in done without any medicines after
which a bronchodilator shot is taken and the test is
repeated to know how much the lung capacity has
increased after using the medicine shot.

2.7 Pre test instructions

Below are some activities a that should be done certain
hours before the test so that the test result of the patient
does not get biased

Drinking alcohol 4h
Eating a large meai 2h
Vigorous exercise 30min
Smoking 24 hr

Spirometer for kids

Spirometry test procedure

Pre test instructions

Pre bronchodilator test

Post bronchodilator test

Figure 13. Spirometry test procedure
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2.8 Clinic preparations

Understanding clinic preparations done in

between each test

Hands must be washed between patients. Bacterial-viral
filters should be used for all patients and thrown away by
the patient at the end of testing. If an infectious patient
requires testing, this should be performed at the end of the
session and the equipment should be stripped down and
sterilized/parts replaced (depending on what is being used)
before being used again.

single-use consumables New set of consumables
such as mouthpieces or must be used for each new
Patients must wash their nose clips must be patient and all shared items
hands beforg and after disposed correctly and and surfaces must be
testing immediately after use disinfected appropriately in

between patients.

T )
Y g
= ¢

Figure 14. Clinic preparations
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2.9 Patient positioning
Correct measurement posture is as follows.

* Sit upright: there should be no difference in the
amount of air the patient can exhale from a sitting
position compared to a standing position as long as

they are sitting up straight and there are no Blow into Your are done!
restrictions mouthpiece The graph of

) connected to  |ung function is
* Feet flat on floor with legs uncrossed: no use of = Spirometer created

abdominal muscles for leg position.

* Loosen tight-fitting clothing: if clothing is too tight, this
can give restrictive pictures on spirometry (give lower
volumes than are true).

* Dentures normally left in: it is best to have some
structure to the mouth area unless dentures are very
loose.

* Use a chair with arms: when exhaling maximally,
patients can become light-headed and possibly sway or
faint.

Figure 15. what to expect during the test

IDC School of design, IIT Bombay n
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2.10 Techniques for measuring
There are a number of different techniques for performing
spirometry.

Before performing the forced expiration, tidal (normal)
breaths can be taken first, then a deep breath taken in while
still using the mouthpiece, followed by a further quick, full
inspiration.

Alternatively, a deep breath can be taken in then the mouth
placed tightly around the mouthpiece before a full
expiration is performed.

The patient can be asked to completely empty their lungs
then take in a quick full inspiration, followed by a full
expiration.

Encouragement makes a big difference, so don't be afraid
to raise your voice to encourage the patient, particularly
near the end of the maneuver. The patient needs to keep
blowing until no more air comes out and the volume-time
trace reaches a plateau with <50 mL being exhaled in 2 s [1].
Some patients, particularly those with obstructive disease,
may find it difficult to exhale completely on a forced
maneuver. A relaxed VC may produce better results in this
case.

Spirometer for kids

FVC and FEV1

deep breath in, as large as possible
blows out as hard and as fast as possible
keeps going until there is no air left.

VC

Patient takes a deep breath in, as large as
possible

blows steadily for as long as possible until
there is no air left.

Peak flow rate
Obtained from the FEV1 and FVC
maneuvers

IVC

The IVC maneuver is performed at the
end of FVC/VC by taking a deep, fast
breath back in after breathing all the
way out.

IDC School of design, lIT Bombay
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2.11 Stake holders

Spirometer for kids

Kids Parents/ : :
———— Health check » Monitor kids health
Stake holder 5-12 caretakers
Hassle free Conduct the test Keeping track of the
testing easily tests and medication
Need Hassle free Smooth Engaging/ playful
testing experience experience
Portability of the Easy cleaning of Sharing results
product the product with doctor
Analyzing the patient .
givin):g proper Medical device Health care service
Stake holder Doctors ' or etpd and Profitable,
medication distribute and e
manufactures usIness
Pr?viSetinco;ra%emdent Helping
Proper data o both patient an . . .
Need parents to
cheet parents to go through the manage the Easy manufacturing Easy transportation Growth of business
procedure and kids health
medication
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2.12 Market study

There are many spirometers on the market. They can be
divided roughly into a group that primarily measures
volume and a group that primarily measures flow. Quality
control and calibration should be performed on a regular
basis to ensure that a device (still) functions appropriately.
The types have different characteristics and are optimal for
different circumstances (from a simple peak-flow meter to
monitor asthma at home to an ultrasonic device to measure

a patient in a pulmonary function lab).
HonroLiING
€nse or USWE
GeeD ERGoNOMICS

PRoPER. 2MRwWAY
FoR.  yunmunG &
ExnauNG

TARGET USER &RovP
/\‘\,PKIC,E R an GiNG
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> TWREWE  CLEAune

—3 DimAnTLG Foe
CLEamv NG

2 SroRAGE

PRopULT
w1eenle
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Figure 16. structure for Market study
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2.13 Market study- Selling products

" B @
w : )

CareFusion Micro | Contech handheld Contech spirometer
Spirometer spirometer sp10
Price — 33,000/- Price — 25,000/- Price — 21,000/~
+  Choice of four indices + Datamemory, delete data  +  Data memory, delete data

can be displayed

o ’ . +  Trend chart display +  Trend chart display
+  Confirming diagnostic
interpretation * Rechargeable * Rechargeable
+  Post bronchodilator + Battery power display +  Battery power display
comparison + Display lung condition by
+  PC software for unit light

configuration
9 +  Ultra thin design, easy

portable

2.14 Insights

* Expensive to middle range pricing of the product

* Only few provide reusable mouth piece with the
product

* Width of the mouth piece not suitable to all ages

* Filters of most of the product are not removable for
cleaning, Only MIR provide that . The one with fixed
does not posses a better cleaning ergonomic also

* Poor communication on the interface

* Poor storage facility

* Unappealing form

(.

Spirobank Smart
spirometer

Price — 14,000/-

Clinical grade
Spirometry & Oximetry
parameters

Suitable for ages 5-93
years

Real time Oximetry test

Can save and share the
report anytime.

Spirometer for kids

Carefusion pulmolife
spirometer

Price — 8000/-

Simple and fast operation
Clear LCD display

Can identify patients who
may require a full
spirometry test

low-cost

Figure 17. Selling products
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2.15 Features in modern spirometers

Results sharing, Trend data In-App guidance
virtual spirometry

Clinical accuracy at home Portable Cloud integration

Figure 18. Features in modern spirometer
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2.16 Components of personnel spirometer

ToRBWNG
Mouth piece through which the

user has to inhale in/

NOUT'[ wae / ) RGB LED

Mouth piece through which the
user has to inhale in \

ARDUINO

PRESSURE

SENSOR
b ;::

B BATTERY

Screen for getting the i

feedback easily wo Screen
moBis ~APRLICATON INTERNAL Cp mopnEN TS

Spirometry software that gives
CHRREWNE PORT proper and detailed data of the
result and have many other modified
features too

Figure 18. Components in a spirometer
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3 .Primary research
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3.1 Contextual inquiry

Dr. Miti Shah Chest clinic, Pulmonologist

Conducted user study at Dr.Miti Shah chest clinic at Sion
West , Mumbai. Understood the whole set up , how the
test is performed , what all are the equipment's used for
testing and the precautions and measurements took for
hygiene.

Test space:

The test was conducted in an air conditioned room where
there was a table and chair mainly for the instructor and
the patient and an extra chair for the bystander. The room
also include a bed and that was provided for if at all the
patient feels dizzy or unconscious while testing which may
occur

Equipment used:

The products used for the test were MIR Spirometer which
is a PC spirometers , PC spirometer make your desktop or
laptop PC into a spirometer when you run the software
application provided with the device. This also is the most
widely used spirometry system used in small respiratory
clinics. They also had a set of disposable mouth piece of 2.8
inch , laptop which is connected with the spirometer and a
weighing machine

Spirometer for kids

e |
- —////)
2 Instructor
b Spirometry test pc
- = and setup
y Patient
y 3 » SN2 <
—l = T = Caretaker

\/

Figure 19. Testing setup

Products used
MIR Spiro

- spirometer

Disposable
Mouth piece

Laptop

Figure 20. Products used
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User-1 - Age 32

Ravi is of 32 years old from Mumbai. He had mild lung
infection and asthma and that was the reason of the test.
Ravi used to conduct the test once in 4 months . Ravi also
use to smoke and was reluctant to reveal that to the
instructor

Was told to check weight

Came and sat at the chair

Asked about patient history and smoking history.
Took the Spirometer

Technician described about the procedure
Conducting the test

Taking bronchodilator shot

Repeating the testing

Leaving.

©ooNOUAWN=

Spirometer for kids

Procedure:

Checking weight,
Sitting upright

Inhaling In Breathing out

Repeating test after 10min

Figure 21. Testing user 1
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User 2 - Age 9

Ajmal is of 9 years old from Mumbai. He had asthma
issues for 2 years and that was the reason of the test.
Ajmal used to conduct the test once in 3 months .

vhwN o

© 0N O

User-2 - Age 9yrs

Was told to check weight
Came and sat at the chair
Asked about patient history
Took the Spirometer
Technician demonstrated and clearly described
about the procedure
Conducting trial test.
Conducting the test

Taking bronchodilator shot
Repeating the testing
Leaving

Inhaling In Breathing out

Figure 22 Testing user 2
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3.2 User interviews

3.2.1 Questionnaire for caretaker 3.2.2 Questionnaire for technician

What is the reason of testing? At what stage of lung capacity illness do you recommend a
How frequently do you take your child for testing? patient to use a personnel spirometer?

What is the mode of travel to clinic for testing? What are instructions you give to the patients which they
How far is it from your place? should follow while performing spirometry test?

How does the kid react to the visit to clinic and test? Instructions for using the product

How do you find your kids acceptancy for going for the How do you interpreting the result

test? How frequent do the patients visit the clinic to test their
How easy do you find your kid to go and do spirometry lung capacity?

test? . . _ How difficult do you find the patient to perform the test?
Does the kid perform spirometry test easily and what are  What are the issued followed by poor hygiene of the

the issues he use? product?

What is role at clinic by standing as a care taker while Do patients opt visiting clinic or monitoring from home
performing the test? what do you think and what is best for COPD and asthma
Can you brief the instructions given to the kid before and  patients?

while testing? How often do your patients who use a personal spirometer
How do you find the hygiene of the spirometer at clinic? share their results with you?

Are you familiar with personnel spirometer? If yes how does they share the data?

How do your patients react to the outcome of the tests
they perform?

IDC School of design, IIT Bombay n
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3.2.3 Parents Interview

““Conducts spirometry test once in
3-4 months”’

“Using incentive
spirometer once in
every two three
days “

“Difficulty in taking
kid to hospital”

“Unwillingness of kid to use these

devices in front of anyone”

“Instructor from the
clinic matters him
most of time ”- better
the encouragement,
easy the test

“Difficulty in taking
kid to hospital” comes to clinic test

“Usually clean it weekly or so, don’t
know how it is in clinic”

“He use to play with
incentive one but it

he is little reluctant”

“Faking kid initially that incentive
spirometer is a game”

“Difficulty in
making him
understand that he
should exercise
using it frequently”

“Haven’t heard of
personnel
spirometer”

Spirometer for kids

Primary research

What is the reason of testing?

How frequently do you take your child for testing?
What is the mode of travel to clinic for testing?
How far is it from your place?

How does the kid react to the visit to clinic and
test?

How do you find your kids acceptancy for going for
the test?

How easy do you find your kid to go and do
spirometry test?

Does the kid perform spirometry test easily and
what are the issues he use?

What is role at clinic by standing as a care taker
while performing the test?

Can you brief the instructions given to the kid
before and while testing?

How do you find the hygiene of the spirometer at
clinic?

Are you familiar with personnel spirometer?

IDC School of design, lIT Bombay
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3.2.4 Expert Interview

““Conduct spirometry test at
clinic ,don’t usually
recommend personnel

spirometer”’
“Patients
have been “Personnel
enquiring spirometer is
about not that
personnel popular”
spirometer”

“Encouraging them is always a
booster for them to perform the task
easily”

“Patients with
respiratory issues
should be testing

once in 4-5
months ”’

“We use disposable
mouthpiece for
different patients,
other than that we
clean the valve
regularly”

“Patient use to find difficulty in the
procedure always during the start”

“We would

“Covid has changed
peoples perspective, use of

recommend to use
MIR spirometer,

“Kids are difficult to
handle , they wont
understand easily
how to do the task,
the graphics also
helps”

Spirometer for kids

How do you conduct the test in clinic

How do you find the patients understanding the procedure?
How often should the patient do the spirometry test?

What are the hygiene preparations done in the clinic?
Which personnel spirometer do you suggest to the patients?
What all problems do the patient encounter during the test?
At what stage of lung capacity illness do you recommend a
patient to use a personnel spirometer?

Do you have an idea of how frequent they use it to track their
lung capacity?

What are instructions you give to the patients which they
should follow while using a personnel spirometer?
Instructions for using the product?

Instructions for interpreting the result?

if not using personnel spirometer how frequent do the
patients visit the clinic to test their lung capacity?

What are the issued followed by poor hygiene of the product?
Do patients opt visiting clinic or monitoring from home what
do you think and what is best for COPD and asthma patients?
How often do your patients who use a personal spirometer
share their results with you?

If yes how does they share the data?

How do your patients react to the outcome of the tests they

that’s what we use
here and the

personnel devices has

: : erform?
increased is what we P

“Exercising using incentive

understand,infact we personnel spirometer is always .
support that” spirometer is also recommended , that improves ¢
good” lung function a lot”
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3.3 User journey

3.3.1 Before use

Technician

S | checking &8 — Waiting for Gettin, i

Replacing necking & - { g A eaing Taking

tthmo:ti remrﬁing aken lody the Checklng comfortable normal Understanding
HE oL’ elEht of s patients weight with the breath, being the technique
piece the patient s,m'm stay calm turn seat comfortable

What
they
say

Spirometer for kids
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3.3.2 During use

Technician Patient
3 Placing the ing b Exhaling out
Idin Taking big S - .
512 (:h son mouth deep breath rlmﬂhpiec:as Takingin Repeating
) e piece inside through the fastas possivle/ bronct:‘odllator the test
spirometer mouthpiece blowing out =hot
the mouth slowy

IDC School of design, IIT Bombay | 36



Project 2 Report 2022

The patient tents to change the holding position
frequently because of the poor ergonomics of the
product .

Disposable mouth piece is an extra effort to
remove and replace

It is difficult to make them understand the
procedure and perform the task

Kids had an extra interface to encourage the to
breath as instructed for good results.

Mouth piece size was bigger for kids

Hygiene issue of turbine because its not cleaned
and dust remains on the mouth pipe and turbine
which is not good for asthma and COPD patients
The position od the turbine is also very close,
chances of getting dust is close.

IDC School of design, lIT Bombay

3.3.3 After use

Steps

What they
do

What they
say

What they
feel

Pain
points

Taking
restful and
normal
breath

Removing and Recording

disposing the the test
mouth

piece result

f 1 Checking Kept the Resting back
Whether the spirometer and taking
data’s are
correctly on the Gofidal
cecorded table breathing

Relax
Focused and

Multi- Relax and

tasking calm
calm

Hygiene
issue

Spirometer for kids
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" Holding of - Disposipg
the product mouth piece

3.4 Observations and user points

* The patient tents to change the holding position
frequently because of the poor ergonomics of the

product . . Test Test mterfac.e for
. . . interface for Kids - Graphics for
* Disposable mouth piece is an extra effort to
adults encouragement

remove and replace

* It is difficult to make them understand the
procedure and perform the task

* Kids had an extra interface to encourage the to
breath as instructed for good results.

*  Mouth piece size was bigger for kids

* Hygiene issue of turbine because its not cleaned
and dust remains on the mouth pipe and turbine

which is not good for asthma and COPD patients  — .
* The position od the turbine is also very close, Changing holding position Uncleaned turbine
chances of getting dust is close. positions due to poor grip used throughout the

Figure 23 Pain points day for all patients
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4. Design brief

Redesigning digital spirometers for children (5-10 years
old) with bronchitis, asthma, and other respiratory
conditions

The availability of better spirometry equipment with
incentives and modified criteria will enhance the for
acceptability and repeatability of the test with the young
kids.

Target Users
Children (5-12 years old) with bronchitis, asthma, and other
respiratory conditions

* Easy maintenance and cleaning of the product

* Enhancing the handling of the product in terms of
usability, grip and comfort

* Portability and better storing of the product

* Enhancing the connection of the product with the
usersincorporation of two contradicting activities in a
single product and making it attractive and same time
engaging for the kids

*  User friendly

Figure 24 Kid using spirometer
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4.1 Design Direction

Incorporating testing and exercise into one product can ,
help children’s feel more connected to it, which will
increase how often they use it.

Children find incentive spirometers, a respiratory disease %
exercise tool, to be a challenge and a fun. Given this,
improving the incentive spirometer's aesthetics and

combining it into digital spirometry equipment can
increase the product's use by kids without any reluctance. Figure 25 two types of spirometer in one device
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5. Defining Users

Around 30-35% of children worldwide suffer from allergy
disorders, with the prevalence of these conditions
increasing in recent years. Childhood allergic disorders
include atopic dermatitis, allergic rhinitis, asthma, and
food allergies, with asthma being the most frequent
chronic ailment among children and adults. Asthma causes
the tiny airways in the lungs to narrow due to
inflammation, resulting in wheezing, coughing, trouble
breathing, and chest tightness. It is frequently
underdiagnosed and undertreated, particularly in low- and
middle-income countries, and has a negative influence on
quality of life.

Improvement in  spirometry readings following
bronchodilator is more sensitive in children and is vital to
help confirm a diagnosis of asthma. Epidemiological data
is based mainly on questionnaire-reported symptoms,
which may not always be accurate, resulting in variations
in the prevalence rates of asthma. Although confirming
reversible airflow restriction is just as critical in children as
in adults when diagnosing asthma, the practical
application of spirometry in children is even more difficult.
These concerns were highlighted by statistics from the
United States, which showed that while 52% of physicians
who offered primary care to children used spirometry,
only 21% used it according to national recommendations
and only 35% of those surveyed were confident in
interpreting the test results. Another study reported that
21% of spirometry values were misinterpreted,
highlighting the importance of training and quality control
before using spirometry on children in primary care.

Figure 26 . Kid using spirometer

Spirometer for kids
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How often do you use your incentive spirometer? What do you do to measure your lung capacity if needed?
14 responses 13 responses

Conducted a survey on how people use incentive
spirometer for enhancing their lung performance.
No of samples took- 14

@ WMultiple times everyday
@ Once in two days

® weekly

@ | forget, once in a while

@ Check from hospital
@ Personnel spirometer

714%

The samples included 11 year old kid and elders as
well.

Reason of using the device included patients
with Asthma, severe breathing issues, lung
infection and to improve lung performance

Does it have measurements on it or is it purely for exercise?

14 responses
@ Have you been suggested to use a

spirometer?
after surgery. @ ves .
@ No ® No
85.7%
How often do you clean the device? How frequent do use you measure?
* Frequency of use is average of thrice in a week. """ 19 responses
* Patients use incentive spirometer more often @ overy wesk ® once in 6-8 wesks

@ thrice annually
@ twice in a year

@ once in a while
@ | haven't cleaned my de

and barely clean the device after using

* Commonly used incentive spirometer is the one
without measurements

* For spirometry testing patients are referred to
visit clinics or hospital

@ once in a year

IDC School of design, IIT Bombay m
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5.1 Understanding the Users
What attracts them?

What engage them 2
What motivates them ¢

Kids

5-12 Years

Diya Joshy
9 years
Karthik Krishna 4 grade
10 years
5 grade 9
i > 3 P
Lt B8 %5,
) Characters [ .
Characters e A
. . ) Peppa from Peppa Pig is my favorite character TE B
\
Doremian 1s iy favofite caitoon and Lormeta s1id £ because he is hilarious and it's entertaining to
watch him become angry.

Doremon are my favorite.

Little singam is also my favorite cartoon. |
always am thrilled to watch all the episodes of
Little Singam
Spiderman is also one of my favorite. | am
fascinated with his actions , consumes and how
he fly over buildings

COLOURS

Nila
6 years 7 years
#t grade 3 2 grade e
’!
. /‘ Aot /
ch t
aracters Characters

My favorite characters are Elsa from Frozen and
Dora from Dora the explorer . | love to see Elsa
in her gown ,it is very pretty and all the glittery

layers it have is very beautiful.

Dora is very fun. | always watch it when | am
having snacks, The funniest character is swiper

COLOURS

Honey from Honey-bunny is extremely
entertaining and always gets into trouble by
himself, therefore | enjoy him.

Games and toys

I like riding cycles, playing football and smartphone
games like shooting games and online football
games

COLOURS

Reiza Pollin

| love watching the cartoon Pikachu. It's
adorable. My favorite movie is Frozen.

My favorite character in it is Elsa. | adore her
incredible power

Games and toys

I like riding cycles, playing football and smartphone
games like shooting games and online football
games

Unicorn is also my favorite.

COLOURS

Figure 27 Children's interest

Games and toys

My favorite toys are teddy bears and plush Peppa
figurines. | also enjoy playing with Legos.

My favorite smartphone games are the dress-up and
cooking ones.

Games and toys

All my stuffs are of unicorn. My lunch box, pencil
pouch, school bag everything
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5.2.Understanding the Users- Interest and favorite

(PN fv\o» om’fmﬂ(
Soh ok anies -

lld-b\ncﬁ'm.

toys

STATI0NAR(IES

i

el arl
JA"-M)J(Z

Figure 27 Children's interest
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5.3. Mood Board

Because the target audience is 5-10 year olds who enjoy
toys and bright colors, | chose some images for my mood
board that are basic, colorful, and have animal
characteristics.

Form Language Texture

CoF T 4

Carcay foRm
Ot T BRIGHT (2DURS.

CAcTS Ko
4 MHANDLE

Res EmB NG Fhce
87
Timg, PiscE aﬁ;’:rmclm
FoRr) THAT
Resemac

I DiNagt vpy

= sy &
ReSemBLING
IS TextRe

{

INCREMED
GRID.

teean @ CACTOS
MnreAC '3

7exToRe

' wWCREDTING
JusST feonpLING

-3 Pres
fon  I1MDUCED  foRmS Figure 28 Mood board

%/r»p 1nBPRED
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HAND MEASUREMENTS OF MEN,WOMEN AND CHILDREN

6. Ergonomic consideration

RIGHT HAND HAND POSITIONS - AVERAGE MAN

AV. MAN increase 14% when bent MAX. REACH
35— 7.5

min. open. 1.02- i‘“‘
V.M.

2 protected 7 -
buttons L31-LM N\
profile of idies ‘ _93D. 540
heavy winter Y g 3
gloves AAF T \em : g

45
3d.finger Ig.
h 2
.85av,
1.03 max.
B7T5max.

2.25 x 4" hole

operate ‘
or 3.5%sq.hole gu:h buttons

)

‘: : min.'ocﬁes;'or y finger pads! | "
s % empty hon
“’.7 ] 202 W'
ION 1 dor 2,
; orsum19:  £|NGER GRIP
) 1 angle of mox. /. % ,14% inc':eou in
¢ lunate force and and lg.
resting angle 3 o
. N —

Measurement Study population AV WOMAN —',memm p m;_gﬂ.,‘f% LA i ferch 0.0 degrease i
Children  Adults  Dif- P-  Size ’ T
fer-  value (chil- i i HANDSRASY a8 I
Mean SD Mean SD ence dren/ " TN e
adults, o L :
0/0) 31 z:? max.cyl. | X —>0_— g
Shoulder breadth (cm) 31.0 22 425 23 115 <0.0001 73 = St \/"/ s
Arm length (cm) 508 47 713 45 205 <0.0001 71 , , l:’;i.ﬁ}:ﬁ.}:,‘é‘;’é‘.""'
Hand length (cm) 136 1.0 188 1.1 52 <0.0001 72 ' — — c"'um; i
Hand width (cm) 75 06 10.0 0.9 25 <0.0001 75 HAND DATA I iie] 50.%tile | 578 %Hile | 2.5% tlle] 50.%tile |o75%tle| 6yr. | Byr. | tyr | rayr.
hand length 6.8 75 8.2 62 6.9 7.5 5.1 58 8.3 7.0
Index finger length (cm) 48 01 72 05 24 <0.0001 67 h:nd.bvo:dih 32 | as | s | 26 | 20 | 31 | 23 | 25 | 28 | —
Index finger width (mm) 14.6 1.1 203 24 57 <0.0001 72 S R R R A EE I E R
Index finer mass (g) 10.1 19 28.0 78 17.9 <0.0001 36 thumblength | 24 | 27 | 30 ) =2 [ %4 [ %6 | 10 1 %0 1 22 | 24
Figure 29. Anthropocentric data about children s hand Figure 30. Hand Measurement.
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Mind mapping
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7. Mind mappin ,
PPINg PLAvEOL —+
PRopUCT MeD 1A
Easy or
- Rocd
Con SurTATLON Cf?&auallkvljlsés Sterms / Euunbc‘,;gs e M ro im A
- (o6 TEST Movrweee binG Tre
PATIENT Crze " PRopycT.
- MEDIcATION ATlE . Por_ kips al. B0
- ExeRush Py , Rion LonnoelTING
\—— ",
TEx70RE , grip
HAD s ¢ CHAR ACTER
- [m PRovIN & vEel 6'P/P 1 VM—' F}U._(A&LE
CooRDinwb1I08 T e’%zgnwey,“é DESIE N (ANEVAGE  PREUSE
Use PRopucT X 3 RS D16 NIF IED
Testnoe & > Prompiig .
CAGR CEINE -
ENKALCAGE THE PloouT CooRp AT 10w M 7 §E YKONLEIEK S W fRopucT uSE
FleQuency OF USE R /\
TesT EXERCISE
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8. ideations

8.1.ldeations for hygiene

SLibe DowN
To CLOSE

</

SockET FOR
MovTH PIECE

Ideation for better hygiene

Making the product dis assemble and

SoCKkeT FOR TuRBA(E assemble easily so that it can be removed
for cleaning it thoroughly

knsy RemoVPBLE FoR

CLeEANING ANID
MmANTAINANICE

Figure 31 Ideation for hygiene
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8.2 Ideations for portability Desi

Figure 32 Ideation for Portability

IDC School of design, IIT Bombay | 50 |



Project 2 Report 2022 Spirometer for kids

8.3 Ideations for portability

Figure 33 Ideation for Portability

Simple cap for the mouth piece Flip down and use

Providing simple cap to cover up the mouth piece from dirt Pulling down the mouth piece for use. Other push it back
so that it is safe from dust

IDC School of design, IIT Bombay | 51 |
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Ideations for portability

Tor L

TU R

Figure 34 [deation for Portability

Rotate and use

Mechanism similar to lipstick mechanism where while
rotating the bottom top lid opens and mouth piece pop
out for use

Spirometer for kids
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Ideations for portability

Figure 35 Ideation for Portability

Slide and use Flip and use
Lid with tambour mechanism, when sliding down mouth piece Flipping the mouth piece up for use, flipping down make the
projects out for use. Slide the lid back to make the device compact device compact
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Ideations for portability

CLice PE’,K} Slide down
MECAAN 16y
Figure 36 Ideation for Portability
Click and use Slide in & out
Smililar to click pen, the mouth piece pops out when clicked for Similar to slide pen this use the mechanism of slide in and out for
use, push it back with hand to make it compact retracting the mouthpiece from the inner chamber of the device

IDC School of design, IIT Bombay “
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Ideations for portability

MouT Pece

Figure 36 Ideation for Portability

Some Fun while opening

Children are constantly fascinated by slimes and other squishy, transformable materials,
this mechanism is made of a layer of squishy substance that may be utilized to click and
retract the mouthpiece from inside.
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Ideations for portability

Figure 36 Ideation for Portability

Twist to open

Turn the lid down to release the mouthpiece for usage. While operating the device, the Lid
also conceals the tag. Carry the device easily using the tag.
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8.4 Ideations for Playfulness

Blow for music

While blowing out, the shape makes a whistling sound.
Play with the sound and for a variety of sounds, blow
firmly.

Figure 37 Ideation for playfulness
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Ideations for Playfulness

Projecting beads

When blown out, the beads on top of the form extend,
creating attractive shape and sound

Figure 38 Ideation for playfulness
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Ideations for Playfulness

Animac

Hﬂp [
Mourns6— [
vp
Figure 39 Ideation for playfulness Figure 40 Ideation for playfulness
Projecting head Lights play
This one is given an animal form in which when blown the When blown out, the light spreads out, more forcefully
head moves up. The final target height can only be then it spreads till the tip which will be the target for the
reached when blown forcefully user
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Ideations for Playfulness

Figure 41 Ideation for playfulness Figure 42 Ideation for playfulness
Minimal form in which there is two projection that can When blown out, the head will move up as well as spin in
move to and fro according to the blow strength to both one different providing a visual treat

the sideways
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Ideations for Playfulness

Spirometer for kids

Figure 43 Ideation for playfulness

Spin and reach it to the top, that will the target for the
kids; To blow hardly and spin the colourful coin inside the
device ,help it reach the top

Figure 44 Ideation for playfulness

Compact form in which the user can flip down the
mouthpiece to use, blow out hard to project the ring up.
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9. Concept _ _ _ _ o
Task: Kid can blow in an out easily through the mouth piece by lifting

the upper globe ,hence making the mouth piece’s pathway clear for
9.1 Concept 1 pperelo 5 g . y
accurate testing

Exercise: while the globe is placed down the turbine enters the
mouthpiece , hence when blown the fan operates creating a visual treat

Form :The form is a globe shape with a textured handle for better grip

e mi hpiee .

T
u ’@«WVMZ(
o w K Pl L

—~__> Hadle wh

Fexhuse ﬁi od

Figure 45 Concept 1 a :
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126 wnmm

4 mm

o3 i
130 mm

35mm
Testing mode

Figure 46 Concept 1 details
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9.2 Concept 2

Task: Kid can blow in an out easily through the mouth piece for
conducting the test
Exercise: Turn the red middle portion to cover the air gap, then blown

in for activating the game, targeting to reach the rings to the top most
portion of device

Form :The form animal inspired form

Figure 47 Basic form - Concept 2
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Snap and lock

25

Spoce fpn bat

L,P:‘hwéﬁ }mlbomu
Prassurs SenSor

To tover w'-"a‘f’ J
Mouth piecs - Removable

T 1 Figure 48: Details

7o mm

(Somm

Figure 49 :Dimension

IrSmm
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9.3 Form explorations

Figure 50: Animal inspired form Figure 51: Product with stand

Stand for resting the device in
such a way that the mouth piece
is covered and safe from dust.
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Dimension drawing

i

g
&

] ] ] ////I/III,
2 3 / |
~ | ~& Vi 'f,,’ head -Top portion
| R | 70572075770
\ Tube
3 3
Ie) (e}
PMMA
R |1 i ORI 1111 s e
0.801 080"
4z ""_" % head -Top portion
! Pressure sensor SP series
[{e] [(e]
Arduino Nano 16x45mm
v Battery -Lithium Polymer
()
T ) 1 1
- -0.30
‘ 5.00 - L 57 -

Activities Figure 52: Product Dimensions
-Lung capacity test
- Exercise

¢ Incorporating testing and exercise into one product so that
it help children to learn the testing process easily, make
them feel more connected to it and thus increase the fre-
guency and accuracy of the test.

¢ Playfull game Mouth

* Removable and washable mouth piece piece

twist and
operate

Material - Polypropylene, PMMA

Components - Top Body, Bottom body, Middle body, Pres-
sure sensor, Battery, Ardinuo Nano , Charging port
Manufacturing- Injection molded parts

W

Testing mode When not in use
Turn, Close and use for Magnetic stand which will enclose the
exercising mouth piece safely from dust

Additional - Pouch for carrying

Figure 53: Product Details
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9.3 Form explorations
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Figure 54: Form exploration - 5.00 - - 5.00 -
Figure 55: Dimensions

Form with an extra medicinal
compartment that can help the
user /caretaker carry their

medicine while travelling
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9.4 Mouth piece — User testing

Figure 56 , Safety measures Figure 57: Mouth pieces of
taken for user testing with kids different size shape , with

different fillets

Figure 58: Kids trying out different mouthpieces Figure 59:Most comfortable mouthpiece for
kids- 25mmX 22mm, 7mm fillet
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9.5 Forms — User testing

Figure 60: User testing with forms

Spirometer for kids
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9.6 Final Concept 2

Task: Kid can blow in an out easily through the mouth piece for
conducting the test
Exercise: Turn the red middle portion to cover the air gap, then blown

in for activating the game, targeting to reach the rings to the top most
portion of device

Form :The form animal inspired form

Figure 61 :Basic color scheme and form
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9.7.Dimensional drawing

- (OV0O)

+—2.50—
— 250 -

. Top portion
" with animal
ear enhancing
interest in kids

17

% Main body
which house
the
components

3.5

3.5

- (I

“os0! 35—

§

v (T

T 080!

1.5+

(=)
Pressure

sensor

Lithium
polymer
battery

- 2.00 -
- 2.00 -

- 5.00 - = 5.00 -

Figure 62: Final concept dimensions and section
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9.9.Final concept Details

> Top portion with animal ear
enhancing interest in kids

Guiding tubes for the rings
> to move

» Rings

Flat panel with different size
of holes

Twist to close the air gap and
use it for exercising

Middle portion- For closing
and opening the Air gap

Main body which house the
components

Removable mouth piece

Compartment for medicines

Removable mouth piece for

washing Figure 63: Final concept details
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10. Phoo

Exercising mode

Spirometer for kids

Testing mode
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10.1 Dimension drawing

(OVO
/ N

160

10.0¢ 5.3

57

45
72207

Spirometer for kids

s7—300 7 - 30 7
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10.2 Section drawing

Press fitting of tubes to the
upper plastic part

Snap fitting of top and main part of
the device, twisting part is snap

L fitting with proper spacing that
allows it to move smoothly

v

L : Different size holes for the flow of air to
W - push the rings up while blowing

v

|

v

Twist and fit the mouth piece- Easily
removable

‘
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10.3 product detail N A » Top portion with animal ear
\ 'V enhancing interest in kids
J / -Polyethylene

\' :

w » PMMA casing for the game

| PMMA

|

1’:

T3 »  Rings

v

Guiding tubes for the rings to move

Middle portion- For closing and
opening the Air gap -PE

v

Mesh pipe inside the
main body

«—— Main body which house the

components -PE

v

v

Bottom body <

v

Removable mouth piece- PE

v

Lipo Battery

Arduino Nano <

B

»” Pressure sensor
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Spirometer for kids

Phod

Spirometer for kids s
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10.4 product storing

Spirometer for kids
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10.5 user scenario
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10.6 Packaging

Spirometer for kids
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» Spirometer with storage
case

N

y

Mouth piece < Instruction manual
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10.7 Prototype

Spirometer for kids
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10.7 User testing and validation

Usability

* Smoothly moving part

* Stopper need to be
improved

* Good gripping

Hygiene

* Easily removable,

* Suitable size for all ages
between 5-19

* Easily washable

Form

* Interesting form

* Unisex interest in the
form and color

* Engaging and functional
game
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Thank you
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