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B / LIFECYCLE ASSESMENT SETUP

This document elaborates on the setup of the Life 
Cycle Assesment comparing single and reusable 
pulse oximeters on the Intensive Care Unit of 
Erasmus MC.

Bill of materials
A Bill of Materials of the sensors could not be 
acquired from the manufacturer, therefore 
material determination had to be done. Broken 
sensors were used as to not waste usable sensors. 
The products were taken apart for a disassembly 
analysis and afterwards used to determine the 
main materials of the disassembled part. This 
was done by looking at the material properties 
like weight, density, flexibility, feel, suitability of 
the material in de medical context and burn tests.
Within this material breakdown, material waste 
during production was not included, as this 
information could not be obtained. 
Part numbers refer to the picture under the table.In Dutch hospitals, pulse oximeters have one 

of the biggest impacts on the environmental 
footprint of all disposables. In order to design a 
solution, it is important to identify how big this 
footprint is, and how design choices can limit this 
footprint. 

Pulse oximeters already exist in both single 
use as reusable forms, which are both actively 
used in hospitals. The initial thought is that the 
reusable pulse oximeter is more sustainable, and 
a design direction to transition single use to reus 
able seems logical. However, for the context of 
Dutch hospitals the environmental benefit of 
reusable devices is not proven. Therefore, a Life 
Cycle Assessment comparing these two device 
types will be performed.

The functioning of the product system
To provide continues pulse oximetry 
measurements for one year. 
•	 ICU: for 3500 patients per year with an 

average stay of 4,86 days
•	 Need for 60 reusable sensors to supply the 

entire ward (in case of full reusable scenario)
•	 Need for 5000 reusable sensors to supply 

the entire ward (in case of full single-use 
scenario)

•	 	 Data from ICU (4500 purchased in 
2023, 90% use of single use on ward) 

B.1 Problem Definition

B.2 Assumptions

B.2 Life Cycle Inventory

Who
Monitoring of: non-isolated patients 
Handling by: nurses

What
A pulse oximeter, comparing a single use 
product to a reusable variation
Specific products:  RD SET DB-I Reusable Soft 
Sensor and RD SET™ Adt single use sensor

Where 
Continues patient monitoring, 24 hours daily on 
the ICU department of Erasmus Medical Center

How
Pulse oximeter attached to the fingertip, 
monitoring through transmissive oximetry. 

Functional unit
To provide continues pulse oximetry 
measurements for one year on non-isolated 
patients on the ICU of Erasmus Medical Center. 

LCA goal
Comparative analysis of the single vs. 
multiuse product as well as identification of 
environmental hotspots, to serve as design 
input. 

Life Cycle Assessment Modeling
Life cycle assessment was performed using 
OpenLCA 2.3.1. and the IDEMAT 2023 database. 
This database and software were recommended 
to me by Joost Vogtländer. Ecoinvent database 
was considered but not recommended, as the 
EI version 10 was found to have a few big faults. 
Product specific data was acquired through 
material identification of Masimo sensors 
including the RD SET DB-I Reusable Soft Sensor 
and RD SET™ Adt single use sensor. Ecological 

Footprint 3.0 (adapted) was used for a detailed 
impact assessment method, as this assesment 
method is good for comparing individual impact 
factors, advised by Joost Vogtländer.

Department data
Beds on the ICU: 50
Amount of patient admissions: 3225
Total amount of treatment days: 15.689 
Average patient stay length (days): 4,86
Amount of purchased single use sensors (pcs): 
3600

•	 60 reusable sensors are required to supply 
the entire ICU, one per bed (50) and 10 extras 
in storage.

•	 5000 single use sensors are required to 
supply the entire ICU. The purchased amount 
in 2023 was 3600 sensors, which supplied 
90% of the ward. 

•	 The reusable pulse oximeter is only cleaned 
at patient discharge, using a ¼ of a microfiber 
cloth and water. This is conform the cleaning 
protocol of the hospital, for non-isolated 
patients. As no data was available for the 
amount of isolated patients, this patient 
group was excluded. 

•	 The reusable product lifespan was set at 
1 year. The manufacturer indicates 2 year 
lifespan, but this is shortened due to product 
misuse. This is an estimation as no Erasmus 
MC data or insight is available about the 
lifespan of the pulse oximeters in their 
context.

•	 The single use pulse oximeters are used 
for up to a week on the Erasmus MC ICU, 
afterwards they are replaced with a new one.
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Packaging material
Primary reusable
•	 Cardboard box 0.024 kg Cardboard
•	 Instruction 0.002 kg virgin paper
Primary disposable
•	 Pouch
•	 	 Clear 0.00183 kg (LDPE 4)(Masimo - 	

	 Masimo Packaging Labeling, z.d.)
•	 	 Label 0.00172 kg (HDPE 2)
Secondary single-use
•	 https://www.masimo.com/products/sensors/

rd-set/
•	 	 0.176 kg cardboard box for 20 pieces
• 		  8.8 grams of cardboard per 	
		  single use sensor

Cleaning procedure
h t t p s : / / w w w . v i l e d a - p r o f e s s i o n a l . n l /
schoonmaakdoeken/poetsdoeken/r-micronsolo-
rol 
•	 Roll is 180 towels
•	 One towel is 25 cm by 32 cm
•	 One towel is 3.66 grams
•	 	 35% recycled polyester  			 

	 (comprising post-consumer1 		
	 PET-bottle waste, certified)

•	 	 15% virgin polyamide 
•	 	 50% viscose
Soaked towel is 13.66 grams 
•	 10 grams of water
•	 But measured 100 grams of water coming 

from the tap

In the calculation of the impact of the 
cleaning wipe, raw material production, wipe 
manufacturing, water (as a material), transport 
to end of life and incineration with municipal 
waste was taken in scope. The transport from 
manufacturing to hospital was unclear so left out 
of scope.

Transport
The following table shows the estimated 
transportation distances for the product (parts). 
Taiwan, Philippines, China and Costa Rica are 

production and assembly locations, therefore 
not the full product is transported between these 
locations. Therefore, an estimation was made for 
the transportation weight between locations. It 
was estimated that 1/3 of the product weight is 
added on in each production phase. After full 
assembly in Costa Rica, the full product including 
its packaging is transported.

Only transport over water is taken into account 
between production facilities, as the exact location 
of factories is unknown. The production locations 
are according to Philips’ pulse oximeter product 
journey as well as the Erasmus distribution 
journey. 

Use
Reusable cleaning:
•	 Cleaning once for every (3225) patient
•	 	 Every individual sensor (60 in total) 	

	 was cleaned 53.75 times

The amount of wipes per cleaning was estimated 
at ¼ wipe per cleaning but is hard to estimate 
as it can very from 1 to 20 wipes to clean the 
entire ICU room after patient stay. Difficult to 
determine how much of these wipes are used for 
the pulse oximeter alone. On other departments 
1 wipe is used to disinfect the 3 vital sensors and 
‘broodje’. Therefore an estimation of ¼ wipe was 
also considered for the ICU, this is in line with the 
Duffy LCA article. 

•	 ¼ wipe per sensor (53.75 times cleaned per 
year)

•	 100 g water per wipe
•	 25 g water per sensor 

Reusable energy:
•	 15689 treatment days per year for 60 sensors 
•	 261.483 days of continuous monitoring per 

sensor
•	 	 6275.6 hours per sensor per year
•	 Average pulse oximeter uses approximately 

40 mW of energy. (Baheti & Garudadri, 2009)

Single use cleaning:
/

Single use energy:
•	 15689 treatment days per year for 5000 

sensors
•	 3,1378 days per sensor
•	 	 75,3072 hours per sensor per year
•	 Average pulse oximeter uses approximately 

40 mW of energy. (Baheti & Garudadri, 2009)

As the energy needed to process and store the 
data could not be estimated, these were left 

out of scope. Thit energy does not influence the 
comparison between single and reusable, as they 
are equal.

End-of-life
Because products are disposed of in the general 
waste on all departments after use, the EOL 
category of municipality waste incineration is 
chosen. 

The treatment of pathological waste is 
sometimes restricted to dedicated incinerators, 
while non-pathological waste is, in some 
cases, incinerated with other wastes in non-
dedicated incinerators e.g. MSWI. (chrome-



extension://efaidnbmnnnibpcajpcglclefindmkaj/
https://eippcb.jrc.ec.europa.eu/sites/default/
files/2020-03/superseded_wi_bref_0806_0.pdf)

A small part of broken reusable pulse oximeters 
are discarded in electrical waste, but this is 
negligible.

Paper and cardboard packaging is collected 
seperately

•	 Packaging cardboard (already recycled 
material): only 3-4 recycling cycles in total 
(book_LCA) so estimated 2 more recycling 
cycles. Therefore divide incineration impact 
by 2

•	 Paper manual: Virgin paper can be recycled 
3-4 times, estimate the lower end so 3 times. 
Divide incineration weight by 3. 

The short distance of EoL transport is assumed 
to be negligible. The waste is processed in the 
Netherlands, but exact locations are unknow. 

Calculation
To perform the calculation. A life cycle process 
was set up for every life cycle phase of the 
products (raw material, manufacturing, use, 
transport and end of life). These phases were all 
considered for one sensor use over an entire year. 
Afterwards, to compare the sensors these phases 
were multiplied by the amount of sensors used for 
one year, to calculate the impact of the use of the 
sensors for one year for the entire department.

Validation
The final results of the LCA were validated using 
the Duffy LCA. To do so the amount of cleaning 
cycles, use of alcohol and higher weight of the 
single use sensor were temporarily adjusted to 
match the Duffy article. Doing so, the LCA results 
showed similar life cycle impact distributions 
as the Duffy article. Through this validation I 
concluded that my data was reliable enough to 
make informed decisions regarding my design.

B.3 Life Cycle Inventory Philips 
Nova

BOM
The BOM is split up in the reusable and single-
use elements. 



Transport
Transport of reusable part is the same as the 
current  reusable product. 

Transport single use part is from germany to 
Erasmus MC (very simple product, so can be 
produced in europe).

Packaging
For the reusable base, the same packaging as the 
current reusable

The single-use patch has the same box as the 
current single use, except it is filled with double 
the amount of stickers, as the stickers are twice 
as small. 

Use
•	 Cleaning: same as current reusable
•	 60 sensors estimation (same as reusable)
•	 5000 stickers (83 per sensor per jaar

End-of-life
Only copper and paper is recycled 

Allocate 1/3 of incineration credit to the paper 
(LCA book)



C / DISASSEMBLY MAPPING

When considering the 10R’s strategy, the value 
of a product needs to be upheld for as long 
as possible. A crucial product property for R4-
R9, so everything past reuse, is the ease of 
disassembly. Remanufacturing for example, 
requires disassembly to acquire the product parts 
to test and reuse. Simplifying this process will 
make all R’s faster, and therefore more profitable 
(Soh et al., 2014). To analyse the current ease 
of disassembly, disassembly maps were created 
(see figure x). This method combines multiple 
disassembly strategies, and was created to guide 
the design process (De Fazio et al., 2021).

Parts 
In the disassembly map product parts are 
represented as circles, containing a number 
corresponding to the part. A product part is 
indicated once completely removed. Some parts 
come apart as clusters, these are represented as 
cluster blocks, single component circles containing 
all product parts, separated by comma’s.  

The maps can expand in two directions, vertical 
and horizontal. Maps expanding in the vertical 
direction are caused by dependent disassembly 
sequences. This means that the removal of a part 
requires the removal of the part above it. The 
lower a part is located in the map, the more steps 
are required to remove it. The vertical direction 
of the disassembly map therefore indicates the 
disassembly depth. More depth generally means 
a higher disassembly time.  

Horizontal map expansion is caused by 
independent disassembly sequences. In this case, 
multiple parts can be removed, whether or not 

B.1 Disassembly map structure

B.2 Reusable finger clip

the others are removed. There parts then share 
the same depth level. More horizontal as opposed 
to vertical expansion results in lower disassembly 
depths, generally lowering disassembly time.  

Sometimes a part can only be removed, after two 
other independent parts are disassembled. This 
is indicated using an ‘&’ (De Fazio et al., 2021).   

Actions 
Disassembly actions are depicted as action blocks, 
located between the product parts. These blocks 
indicate the tool needed to establish disassembly 
and the connection type of the part. The colour of 
the action block shows the required force. Legend 
in figure x shows the variations (De Fazio et al., 
2021). 

Penalties 
Next to action blocks, penalties can be indicated. 
Penalties show design features that are ideally 
avoided, as they can cause longer disassembly 
times, disassembly errors or can interfere with 
reuse. (De Fazio et al., 2021)

First the reusable sensors will be disassembled 
and explained. Afterwards two single-use sensors 
are disassembled. But not compared in as much 
detail, as the reusable was more inspiring for 
future redesigns.

The total disassembly of the pulse oximeter 
clip cost 32 minutes, 14 of which were spent on 
component 2, the removal of the connector cover. 
Because of the use of adhesives and multi-part 
injection moulding, many non-reusable connector 
penalties are present.  

Connector pin (8,9) 
The main parts, holding together the finger clip 
were the connector pins 8 and 9. After removing 
these, the rest of the disassembly of the finger clip 
(excluding electronics) was straightforward. The 
pins were held together by a snap-fit. In order to 
separate part 8 and 9 from each other a high force 
was required, damaging both parts.  

Finger cushions (6,7) 
The finger cushions are the only component 
attached using glue. Depending on the amount 
used, these cushions could be removed without 
damage, but did leave glue residues on both 
the cushions and the plastic clips. This would 
contaminate the purity of the material of both 
these components, a barrier for high grade 
recycling  

Electronics (3) 
The electronics are a target component with a 
failure indication. It received this failure indicator 
as the electronics are the biggest factor for product 
failure. If the product lifespan would want to be 
extended through electronic replacement, this 
component should be easy to reach. This sensor 
does not allow component replacement as the 
electronics are at the highest disassembly depth of 
11 and require damaging of other components in 
on order to reach it. For recycling, the damaging of 
other component does not have to be a problem. 
The total disassembly depth of this device is only 
4, with a low part count of 5 allowing relatively easy 
separation of materials for high value recycling. Full 
disassembly of all individual electronic components, 
like individual wires and the connector components 
cast in plastic, was not attempted, but would also 
not be required for extracting metals from the 
component for recycling indicate the tool needed 
to establish disassembly and the connection type 
of the part. The colour of the action block shows 
the required force. Legend in figure x shows the 
variations (De Fazio et al., 2021). 
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B.2 Reusable finger clip

B.3 Comparing the reusables

The total disassembly of the pulse oximeter 
sleeve cost 29 minutes, 14 of which were spent on 
component 2, the removal of the connector cover. 
Every component except the disassembly of 
component 1 received the product manipulation 
and non-reusable connector penalty, not allowing 
them to be reused in remanufacturing or 
refurbishment processes.  

Sleeve (3) 
The second most time consuming disassembly 
component was the silicone sleeve, which cost 
8 minutes to remove. As the electronics were 
injection moulded into the sleeve, it had to be 
fully cut open using a Stanley knife in order 
to separate them. Therefore this component 
received the product manipulation and non-
reusable connector penalty.  

Electronics (4) 
For the same reason as the reusable pulse 
oximeter clip, the electronics are a target 
component with a failure indication. In order to 
reach the electronics, all components except part 
1 would have to be damaged in order to reach it. 
The disassembly depth of the electronics is only 
5, instead of 11 at the pulse oximeter clip, yet 
does not take significantly less time to separate. 
Again, full disassembly of individual electronic 
components was not attempted.  

Comparing the two sensors, we can see that 
the pulse oximeter sleeve has significantly less 
components as well as lower total disassembly 
depth. However, this does not significantly 
lower the disassembly time. This is because the 
sensors both contain component two, a time 
consuming part to separate. Alongside this part, 
the pulse oximeter’s sleeve requires a lot of time 

to disassemble.  

The lower part count does mean, fewer points 
of possible failure and enhancing durability. It 
also means less material types, making them 
easier to sort and recycle at the end of their life.  

Both sensors have the biggest risk of product 
failure around the electronics, which is hardest 
to separate in both cases. 

Multi-part injection moulding joints and 
adhesives like glue complicate disassembly in 
both sensors as it fuses different material types 
together.  

It can be concluded that neither sensor is 
designed with ease of disassembly in mind. 
While this may not be critical in the current 
product lifecycle, where sensors are incinerated 
at the end of their life, it becomes important for 
future redesigns aiming to incorporate circular 
strategies. Optimizing disassembly through 
lowered part count and eliminating adhesive 
and multi-part injection moulding joint types, will 
be essential to enable repair, refurbishment, and 
recycling processes effectively (Åkermark, 1997).  
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D / INTERACTION AND DATA MAPS

The following maps were used during a meeting 
with HCPs and the graduation committee to 
communicate the problem, and validate my 
insights. 

The meeting was lead by me and started by 
running through these different user context as 
well as the data, and finalized by talking about 
some key insights. During the meeting mistakes 
were corrected by HCPs and a short brainstorm 
about solution direction was opened.
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PULMONARY 
CLINIC A
INTERMITTED 
MONITORING

SINGLE USE
SENSOR

REUSABLE
SENSOR

NURSE PATH
REUSABLE SENSOR PATH
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ANNUALLY

3. PULMONARY CLINIC INTERMITTED MONITORING DATA
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1b. MOVEMENT MAP
Patient room

Pharmacy ‘Milieu 
station’
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95% of pulmonary clinic 
patients gets monitored through 
intermitted monitoring, getting 
checked 1 to 3 times daily. This 
process is visualised here.
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Pulse oximeter cleaning is frequently skipped 
If finger perfusion is low, finger clip is 

clipped onto ear : off label use

A. Attach blood pulse oximeter 
clip, blood pressure cuff and take 

temperature

A.Log into pole using Erasmus 
microsection number

A.Scan patient ID on room door 
or patient wristband

C. Remove sensor

A.Patient data is automatically 
stored

B. Check if patient SpO2 is 
represenatative  

D. Roll checkup pole to central 
hall for next patient checkup 

Vital sign checkup can be reassuring for patients

1-3 times per day (2 minutes)

The checkup pole can take up to a minute to 
start updistrupting the workflow
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Reason for single use:  Patient comfort: weight, movement freedom 
  Lower risk of nuisance alarms (sensor doesn’t move) 
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5 to 10% of pulmonary clinic 
patients gets monitored 
continuously due to high 
oxygen administration. This 
process is visualised here.
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PATIENT DISCHARGE

If finger perfusion is low, single use sensor 
is attached to the ear: off label use

Alarms from isolated patient sensors requires 
nurse to suit up in protective clothes 

A.Attach pulse oximeter 
and ECG

A.Patient settles in 
prepared room

B. Check if monitoring values 
are represenatative 

C. Continuesly monitor patient 
vital signs on cental monitor

B. Discard sensor in 
general waste bin

A. Remove and/or replace sensor 
at discharge or after a week

Continues monitoring lowers workload as it 
replaced frequent check ups

Cable length allows patient to leave the bed 
bringing freedom and comfort

Patient is usually familiar with the 
department and upcoming treatment, they 

know what to expect
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2. PRODUCT USE EXPERIENCE

1a. PRODUCT USE SCENARIO

If finger perfusion is low, single use sensor 
is attached to the ear: off label use

Alarms from isolated patient sensors requires 
nurse to suit up in protective clothes 
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ICUDEPARTMENT
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ICU patients are always transfered 
from other departments if patient 
is in need of more intensive care. 
This (often) time sensitive transfer 
is visualised here. 

2 3 4 5 6

NURSES MOVE TO DEPARTMENT ATTACH PATIENT TO SENSORS MOVE PATIENT TO THE ICU PERFORM TREATMENT AT THE ICU

Patients with decreased consciousness finick with 
pulse oximeter, causing it to fall off and alarm

A. Continuesly check patient vital 
changes

A. Grab transfer kit, including a 
backpack, ‘broodje’ and vital sensors B. Rush to patient’s department A. Attach patient to pulse oximeter, 

ECG and blood pressure cuff
B. Check state of patient

C. Determine whether to 
transfer patient to the ICU

C. Start treatment 

A. Place patient in ICU room B. Attach ‘broodje’ with vital 
sensing to monitor

Monitoring sensors can cause discomfort, 
causing patient to demand removal 

0.123 0.123

50 4500 pcs

100%

SINGLE USE
SENSOR

REUSABLE
SENSOR90% 10%

0%

Reason for single use:  Low perfusion, more secure, usable on other bodyparts
Reason for reusable:  Already present in the room, sweaty patient hands, quick application
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Sensor exchange is often incomplete causing 
shortages

NURSE
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CHANGE 

CLEANING ALARMS PRODUCT 
USE

REQUIRED ACCURACY 

TIME SENSITIVITY PATIENT

0.123

The acute situation asks for precise and correct 
action

NURSE



2. PRODUCT USE EXPERIENCE

1a. PRODUCT USE SCENARIOOPERATING
ROOM
FULL PATIENT 
STAY 

CONTINUOUS
MONITORING

CHECK UP 
MONITORING

NURSE PATH REUSABLE SENSOR PATH

PATIENTS
ANNUALLY

ANNUALLY DISCARDED 
SINGLE USE SENSORS 

BEDS

3. OPERATION ROOM DATA

25000

1b. MOVEMENT MAP

OPERATION 
ROOM

Most patients undergoing an operation are 
sceduled in advanced. They are transfered 
from their department to the OR shortly 
before intervention, undergo the operation 
and recover. This process is visualised here.

1 2 4 6 7

MOVE SCEDULED PATIENT TO ‘HOLDING’ ATTACH PATIENT TO SENSORS PERFORM OPERATION RECOVER ON THE ‘VERKOEVER’

A nurse’s sensor preference can become a new 
standard for nurse students

A. Continuesly check patient vital 
changes

A. Attach patient to pulse oximeter, 
ECG and blood pressure cuff

B. Check if monitoring values are 
represenatative 

C. Transfer patient to 
department

A. Patient recovers B. Remove sensors from patient

Constant accurate readings result in 
confident anesthetist actions

0.123 0.123 0.123

26 2000 pcs

100%

SINGLE USE
SENSOR

REUSABLE
SENSOR

10% 90%

Knowing the nurse has to clean the sensor after 
the operation may result in single use choice

Department sensor exchanges cause reusable 
shortages, requiring disposable use 

Reason for single use:  Can’t find reusable, low perfusion, no risk of pressure sores (long operation)
Reason for reusable:  Standard, staff encouragement
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Moving the patient during operation can cause 
the sensor to fall off
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2. PRODUCT USE EXPERIENCE

1a. PRODUCT USE SCENARIOEMERGENCY
ROOM
FULL PATIENT 
STAY

CONTINUOUS
MONITORING

CHECK UP 
MONITORING

NURSE PATH REUSABLE SENSOR PATH

PATIENTS
ANNUALLY

ANNUALLY DISCARDED 
SINGLE USE SENSORS 

BEDS

3. EMERGENCY ROOM DATA

40.000

1b. MOVEMENT 
MAP

Waiting 
room

Patient 
room

Triage 
room

Decentral 
storage

Department

‘Milieu station’

Trauma care

Ambulance arrival

ER patients arrive shortly after an 
incident. Some arrive by ambulance, most 
by their own means of transport. A likely 
patient scenario of from this second 
group is visualised here.

2 3 4 5 6

WAIT IN WAITING ROOM CHECK PATIENT VITALS AT TRIAGE TREAT PATIENT TRANSFER TO DEPARTMENT

Sensor exchange is often incomplete causing 
shortages

Movement artifacts and fall of alarms are 
more likely with reusable sensors

A. Attach required vital 
sensors B. Treat patient

C. Continuously check patient 
vital changes

A. Attach patient to pulse oximeter, 
ECG and blood pressure cuff

B. Ask list of questions

C. Determine patient 
acuteness

C. Remove sensors C. Receive replacement 
‘broodje’ and sensors 

A. Move ‘broodje’ to bed clamp B. Transfer to department

Receive clean sensors and ‘broodje’ back in 
exchange, lowering cleaning workload of nurses

Patient in distress as the severity of their 
situation is unknown

Patient movement causes artifacts, resulting in 
nuissance alarms and unreliable readings  

0.123 0.123

25 700 pcs*

30% 70%

SINGLE USE
SENSOR

REUSABLE
SENSOR

5% 95%

Reason for single use:  Kid, movable patient, contageous patient
Reason for reusable:  Adult

*An additional 1600 sensors for kid patients
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E / CREATIVE SESSION

The goal of this creative session is to gain a broad 
scala of ideas to further develop/integrate into 
concepts later on. By including more people into 
the brainstorming process, this will allow more 
out of the box thinking.  

Who
The session will be held with 4-6 master design 
students of the faculty of industrial design 
engineering. About half of these students are 
familiar with designing pulse oximeter concepts 
due to their recently finished ‘product now’ course. 
The other half has limited knowledge about pulse 
oximeters. All designers are familiar with design 
methods used during this creative session. 

Where
The creative session will be held at the faculty of 
industrial design engineering. A private room will 
be reserved with a big table to seat 6, a screen 
and wall space to display ideas. As the room is 
private there will be no limitations to speak freely 
without disrupting other students.  

When
The session is planned on 12/02/2025 in the lunch 
break between 12:00-13:00. The session will last 
for approximately an hour. 

E.1 Idea generation (30 min)

Method 1: Association (10 min) 
Ideating through association is a design technique 
that I personally enjoy driving designers to think 
beyond things they already know. It will take place 
as follows. 

A brief introduction about pulse oximeters 
is given, showing the current products and 

expressing why they need to be secured on 
the fingertip.  

1.	 The participants are all instructed 
to ideate on the same questions  
	 How can you secure something on 	
	 the fingertip? 

2.	 The participants receive a new plank page. 
3.	 On the screen a powerpoint is visible 

showing random pictures.  

These pictures were generated using a 
random picture generation website: https://
randomwordgenerator.com/picture.php.The 
chosen pictures were selected to reflect a broad 
range of themes avoiding visuals of hands.

4.	 The participants view the picture and get 
1 minutes to sketch an idea based on that 
picture. 

5.	 Afterwards the next picture is shown, this 
is repeated for 10 pictures 



Method 1: How Can You (10 min) 
A ‘How Can You?’ Better known as a HKJ is a well 
known early idea generation method. This will 
take place as follows. 

1.	 Participants sit around a table 
2.	 Participants each receive an A3 paper with a 

How Can You question written in the centre 
of the page. The questions are the following: 

•	 How can you secure something on the 
fingertip?  

•	 How can you easily apply a product to the 
fingertip? 

•	 How can you make a product fit different 
fingertip sizes? x2 

•	 How can you easily clean a pulse oximeter? 
•	 How can you convey product trustworthiness?  

3.	 A timer is set for 2 minutes. The participants 
start ideating all of the possible answers to 
the question writing and sketching ideas.  

4.	 After two minutes the pages rotate to the 
next person. 

5.	 This is repeated until everyone has ideated 
on every page. 

Discussion (8 min) 
A short discussion moment is implemented for 
people to share their thoughts on interesting 
ideas that came up during the HKJ or Association 
brainstorm. All idea sheets are hung up on the 
wall and every participant shares (at least) one 
idea that intrigued them. 

E.2 Concept idea generation (30 
min)

Teamed up ideation (20 min)
The second phase of the creative session is more 
focussed on the pulse oximeter, adding in a few 
more requirements. Participants are shown the 
current versions of pulse oximeters highlighting 
two elements, the techpack, including the size 
and preferred position of the light and detector, 
and the wire it is attached to. With these essential 
elements in mind the concept idea development 
can start. It will take place as follows. 

1.	 Participants are teamed up in groups of 2 
or 3.  

2.	 Participants are provided with sketches of 
hands to draw on top of as well as more 
blank paper. 

3.	 Participants choose 1-2 ideas (or combined 
ideas) to draw up into a pulse oximeter 
concept ideas, taking the wire and techpack 
into account.   

4.	 Teams have the possibility to try out designs 
in low-fi prototypes using materials like 
cardboard, paper and tape.

E.3 Results

E.3 Reflection

The most important findings were: 

Security through contact 
Though the current finger sleeve is relatively 
secure, it does not feel secure as it doesn’t have 
enough contact with the finger area. Therefore, 
a feeling of more security can be encouraged by 
increasing the contact surface of the product to 
the finger 

Reusable disposable hybrid risk 
A combination of a reusable and disposable part 
is possible, but might result in a higher likelihood 
of nurses throwing out the entire product (also 
the reusable part). This can be discourages 
through material choice, informative icons etc. 
A counterargument for this, is that observations 
in the Erasmus MC have shown that single-use 
products are frequently stored and reused like 
reusables.  

Study of sex toys 
A possible exploration area of sex toys was 
proposed, as these often have similar material 
types and sizing mechanisms. A study will be 
performed to encourage ideation. 

The creative session on redesigning the pulse 
oximeter, was insightful and valuable. One of 
the most positive aspects was the enthusiasm 
of my fellow students. People were excited to 

Present idea (6 min)
Every team gets 2 minutes to present their final 
idea(s) to the group. This finalizes the creative 
session.  

Wrap up (4 min)
Thank everyone for their participation.

participate, experimenting with materials and 
contributing ideas. This session was also a 
great learning opportunity for me, as I often 
work individually and hesitate to involve fellow 
students in my design process due to a sense of 
vulnerability. However, it was encouraging to see 
how eager everyone was to help and collaborate. 

At the beginning, I took on the role of a 
moderator, managing time, slides, and 
introductions. As the session progressed, I 
transitioned into a participant, engaging more 
actively in discussions. I think this shift created 
a good balance, starting with structure but 
later creating a more collaborative, team-like 
atmosphere. 

However, there were also challenges. Many 
students had prior knowledge of the topic, which 
seemed to limit their ability to think outside the 
box. Their awareness of existing requirements 
made them more cautious in their ideation. As a 
result, many of the ideas generated were similar 
to ones I had already considered, so they did not 
significantly expand my perspective. That said, 
the most interesting concepts emerged when we 
engaged in open discussions, rather than strictly 
following the HKJ technique. 

In the future, I would adjust the approach 
by introducing existing ideas upfront and 
encouraging participants to modify and expand 
upon them through discussion and sketching. 
This might lead to more innovative outcomes 
and a more dynamic exchange of ideas.
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H / PROTOTYPE TEST

H.1 Test plan

Objective of the Test 
The goal of this test is to gain insight into the user 
experience and perception of nurses regarding 
three concepts. The focus is on intuitive usability, 
sense of security and reliability. 

Test Setup 
•	 Participants: Healthcare professionals of the 

ICU and pulmonary clinic department. Most 
of which are nurses, two doctors and a doctor 
in training. 

•	 Number of concept ideas: 2 Test, comparing 
to current reusable finger sleeve 

•	 Method: Hands-on test with think-aloud 
protocol and ranking scales survey 

•	 Location: On the departments 
•	 Duration per participant: approx. 10 minutes 

Test Setup
Introduction  
•	 Brief explanation of the test objective and 

expected duration. 
•	 Clarification that we are testing the concepts, 

not the participants. 
•	 Encouragement to think aloud while 

performing tasks. 

Hands-on test of concept ideas  
•	 The participant receives the concept and 

performs the tasks: 
	 Applying 
	 Removing 
•	 Observation: Note reactions, difficulties, and 

spontaneous feedback. 
•	 Taking notes on intuitive use, moments of 

hesitation, and frustrations.
•	 The following figure shows a picture of the 

test setup

Ranking scales survey
After each concept, the participant completes 
a short survey with a ranking (on a scale of 1-5)
(see below) for:
1.	 Ease of applying
2.	 Feeling of security
3.	 Trustworthiness

Conclusion and Open Feedback 
1.	 What was the most intuitive?
2.	 Would a hybrid (single and reuse combined) 

concept fit your workflow?
	 Would you need less additional tape?
	 Would you be tempted to throw out 	
	 the reusable component?
3.	 Are there any improvement points or 

suggestions?
4.	 What patient (groups) would not be able to 

use this device?
5.	 How can these sticker conveniently be stored 

in the patient room?

Processing the Results
•	 Analyze and compare ranking scale scores 

between concepts.
•	 Summarize qualitative feedback and 

observations.
•	 Identify patterns and pain points to support 

further iteration of the concepts.



H.2 Results



The table above shows the results from the filled-
out form during test 1. 

On overall scores the original reusable ranks the 
lowest, although it has the highest rating when it 
comes to ‘ease to apply’. The original sleeve is very 
easy to add onto the fingertip, but this is balanced 
with a very insecure grip and untrustworthy 
reading due the products freedom to move. This 
results in false alarms and errors in the trend 
reading. These characteristics make the product 
fit for high stress situations in which a reading a 
needed very quickly, like an admission to the ICU. 
Once a situation is settled, this reusable device 
is often too unstable, uncomfortable and alarm 
prone to keep on, and is therefore frequently 
exchanged with a single use sticker. 

Concept idea 2 ranks the highest. It has a well 
distributed score across all three requirements, 
ease of use, security on the finger and 
trustworthiness. This prototype was considered 
easier to apply than concept 1, mostly due to the 
clicking mechanism as well as the smaller tape 
area to peel. 

Concept 1 ranked lower than 2, though the slide in 
mechanism was usually understood quicker than 
the clicking, as it was more visible than the hidden 
click ridges in concept 2. As the shapes did not 
hug the finger’s shape, but layed on top of it, the 
concept idea was considered less stable by most. 

The extra time it took to apply the hybrid concept 
ideas compared to the single use was considered 
negligible, especially as the single use is often 
applied in non-stressful situations. 
The following page shows some pictures of 
observations of the user tests. The white hand 
model shows little contrast to the prototypes, 
which is a consideration for next time. 

Design considerations
In addition to the scores, the product use was 
observed and discussed. This resulted in the 
following design considerations. 
•	 No tape over the reusable component, as 

this makes it more prone to be thrown out
•	 Lower the material volume on the bottom of 

the finger, to give the patient more freedom 
to use their hand. 

•	 The less tape needs to be peeled the better, 
as this can be finicky.

•	 Though more tape did sometimes convey 
more security

•	 The curved shape around the top of the 
finger gives a feeling of security

•	 The order of first applying the sticker to the 
finger, then adding the reusable part was 
considered more intuitive.

•	 Preferably, the reusable component should 
be removable while keeping the sticker on.

•	 Click mechanisms where considered easier 
and more secure than the slide in mechanism 

•	 Stickers should be stored close to the 
patient’s bed, like the cart in the patient’s 
room. 

•	 White color is considered single-use. So the 
reusable component should avoid white.

•	 Making the product asymmetrical prevents 
confusion about which side goes where. 

•	 Experienced nurses were more likely to 
correctly apply the concept prototypes 
compared to inexperienced nurses, as they 
recognized the single use sensor application 
in the prototypes.

•	 Awareness on product use (like not 
throwing out the reusable component) 
can be communicated to nurses with use 
instruction (video) over e-mail alongside 
product appearance.

Reflection
In this test I compared the concept ideas to the 
reusable finger sleeve. During tests it appeared 
that the concept idea would not necessarily 
replace the reusable product, but the single-
use one instead, and live alongside the reusable 
finger sleeve. The reusable could be used in high 
stress situations, while the concept ideas would 
be used when stress has subsided, and patient is 
admitted for a longer period of time (continues 
measurements). Therefore, the concept ideas 
should be compared to the single use product as 
opposed to the reusable finger sleeve. 

The scale of trustworthiness in the form was 
hard for people to understand as they could not 
experience the use of the product’s electronics. 
Therefore, some people asked how they were 
supposed to answer it. I answered that they should 
do it on intuition. What factors were considered 
to scale the trustworthiness of the product was 
not completely clear between users. Next time, 
this scale should be reconsidered or rephrased.
 
The test was very successful in confirming this 
concept direction as a desirable one as well as 
forming a list of design considerations for the next 
iteration of the design. Nurses were very helpful 
and the interaction was great. 



I / USABILITY TESTING

Introduction text Test plan

Test setup

“Thank you for participating in this usability test. 
Today, we’ll be evaluating the speed and ease 
of applying different pulse oximeters, including 
a single-use sensor, a reusable sensor, and a 
new hybrid prototype. The goal is to identify any 
usability issues and potential improvements for 
the prototype. 

You’ll be asked to apply each device while 
we measure the time it takes. We will start by 
applying the new hybrid design. First I will show 
you a video instruction on how to use the new 
design. Afterwards you can try out this design, 
once to get familiarized, and a than a second time. 

The session will take about 10 minutes. If you 
agree, we may record the test for later analysis. 
Afterward, you’ll complete a short questionnaire 
about your experience. Please perform the tasks 
as you naturally would in a clinical setting, and 
share any thoughts along the way. 

Do you have any questions before we begin?”

Objective of the Test 
Gather final design improvements  and perform a 
comparitive analysis regarding application speed 
and cleaning speed of product redesign and 
existing single use and reusable pulse oximeter 

Limitations 
•	 Amount of nurses 
•	 Time of nurses (max 5-10 min) 
•	 Amount of stickers (max 2 per person, 10 

people) 

Test Setup 
1.	 Show video of intended use  
2.	 Let participant try on their own (real person), 

guided test (No time pressure, though time 
is recorded)

Steps:  
1.	 Grab sticker from the drawer 
2.	 Peel backing off of the sticker 
3.	 Align sticker on finger and apply 
4.	 Grab hybrid product from hook 
5.	 Plug product into monitor 
6.	 Click bottom of the hybrid into the sticker 
7.	 Click top of hybrid into the sticker 

3.	 Give feedback on any incorrect user steps 
4.	 Let participant apply product again, 

optimized test 
5.	 Let the particpant apply a single use product 
6.	 Let participant apply reusable 

Note down any observations of user interaction. 



Questionaire

Questionaire inspired by PSSUQ (Post-Study 
System Usability Questionnaire), with tailored 
personal questions related comparing the 
sensors. This questionaire was used to guide 
an interview, ‘filling it out’ 3 times, one time per 
sensor type.

J / TRACEABILITY EXPLORATION

For the traceability system, several technologies 
were explored and combined. The following 
figures show an explanation and consiferations 
for the technologies. 

A digital chip (i.e. EEPROM) is an electronic 
component that can store small amounts of data, 
like sensor ID. It can transfer this data through 
wired connection. In combination with a smart 
adapter, the location and information on product 
use can be saved to a local server or cloud. 

A passive RFID can store data like a unique sensor 
ID. Once the sensor is connected to a monitor 
(through an adapter) the RFID reader in the adapter 
sends a signal activating the RFID, which in turn 
transfers its data. The smart adapter can share 
location and use info to a local server or cloud

A reader in the storage room can also locate 
sensors in storage

High-frequency RFID’s can reach up to 1.5 

No location 
tracking in 
storage

No RF 
interference risk

Cheap

No battery No battery 

Risk of 
confusing other 
sensors nearby

Risk of RF 
interference

Cheap

Can track in 
storage



Every medical device is equipped with a UDI that 
links to regulatory and manufacturer data, but can 
also be used within a hospital database. In a testing 
setup i.e. a UDI and error code can be scanned to 
store the reason for end-of-life in the cloud or local 
server. 

A smart tag add-on equipped with GPS and wifi 
connection can allow real-time location of the 
sensor throughout the hospital. The smart tag can 
be connected to the sensor’s UDI to save the data 
to one specific sensor. 

Low threshold

No RF 
interference risk

Requires extra 
user steps

Low threshold

Battery required

Expensive

Every medical device is equipped with a UDI that 
links to regulatory and manufacturer data, but can 
also be used within a hospital database. In a testing 
setup i.e. a UDI and error code can be scanned to 
store the reason for end-of-life in the cloud or local 
server. 

A smart tag add-on equipped with GPS and wifi 
connection can allow real-time location of the 
sensor throughout the hospital. The smart tag can 
be connected to the sensor’s UDI to save the data 
to one specific sensor. 

Low threshold

No RF 
interference risk

Requires extra 
user steps

Low threshold

Battery required

Expensive

A digital chip (i.e. EEPROM) is an electronic 
component that can store small amounts of data, 
like sensor ID. It can transfer this data through 
wired connection. In combination with a smart 
adapter, the location and information on product 
use can be saved to a local server or cloud. 

A passive RFID can store data like a unique sensor 
ID. Once the sensor is connected to a monitor 
(through an adapter) the RFID reader in the adapter 
sends a signal activating the RFID, which in turn 
transfers its data. The smart adapter can share 
location and use info to a local server or cloud

A reader in the storage room can also locate 
sensors in storage

High-frequency RFID’s can reach up to 1.5 

No location 
tracking in 
storage

No RF 
interference risk

Cheap

No battery No battery 

Risk of 
confusing other 
sensors nearby

Risk of RF 
interference

Cheap

Can track in 
storage

One of the main downsides of the current 
chosen design, is that when sensors move 
between departments without being attached 
to a broodje, the location is not traced. Only the 
last use location can be viewed. Therefore the 
implementation of a storage room RFID reader, 
and RFID tag in the sensor was considered as an 
addition. When discussing this with Philips, we 

decided not to include this in the system, as this 
additional system would quickly surpass the costs 
of an increased stock of sensors. Therefore, the 
sensor traceability was kept to last use location, 
with the recommendation of increasing sensor 
stock levels in hospitals where this still leads to 
sensor surplus and shortages.  








