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Abstract

There is an opportunity for manufacturers to design fit-for-purpose oxygen concentrators to 
address mortality due to the oxygen gap in low and middle-income countries (LMICs). Oxygen 
concentrators were originally designed for use in the home setting. Though concentrators 
have already provided benefit in LMICs, the intended uses, users, and use environments are 
different. This leads to a cycle where nurses are ill-equipped to troubleshoot simple errors, 
regular maintenance is not performed, and technicians are unable to identify, source, and 
repair devices for want of simple parts and tools.

Spark Health Design, in partnership with Oxygen for Life Initiative and the Center for Public 
Health and Development, conducted a Human-centred design evaluation of existing oxygen 
concentrators and accessories in Nigeria and Kenya. The result is a set of twelve opportunities 
to guide manufacturers in improving the use, maintenance, and repair of oxygen concentrator 
systems. Addressing these opportunities can dramatically increase the safe and effective use 
of these lifesaving devices in under-resourced healthcare facilities worldwide. We hope to 
change the narrative of stories like this one.

 “At the emergency 
department where 
I work, we use 
concentrators nearly 
every minute of the 
day [..]. One day there 
was no piped oxygen, 
so we had to order 
oxygen, but there was 
no cylinder oxygen 
available. In addition, 
the concentrators were 
not working. That night 
there was no oxygen at 
the emergency ward. 
The three patients 
who needed oxygen 
unfortunately died.”

Nurse ML_001_N, Level 5 Hospital
Nairobi, Kenya
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Introduction

Hypoxaemia refers to low oxygen level in the blood, and it is common in many clinical 
conditions affecting children and adults. The treatment for hypoxaemia is oxygen therapy. 
Oxygen concentrators are a source of oxygen originally designed for use in the home 
environment. 

While studies have highlighted challenges in the use of oxygen concentrators in under-
resourced settings, concentrators remain a reliable alternative source to piped and cylinder 
oxygen (Bakare et al., 2019, Enarson et al., 2008, la Vincente et al., 2011). Oxygen plants 
are expensive to construct, and they require skilled expertise for maintenance and optimal 
performance. The global community is working to build out more oxygen plants and 
supporting infrastructure, but these efforts are currently far from meeting the global need for 
oxygen. 

Given the increased global demand for oxygen due to the pervading Covid–19 pandemic, 
more oxygen concentrators are needed to close oxygen gaps. In addition, concentrators used 
in under-resourced settings need to be robust, durable, and energy efficient. Most evaluations 
of oxygen concentrators have focused on technical assessment. There is little evidence 
that any prior human factors and usability evaluations have been conducted with oxygen 
concentrators that considers LMIC healthcare system users, use cases, and use environments. 
To improve market demand and end–user utility of the device, usability assessment and 
feedback is important to inform design of new, fit-for-purpose oxygen concentrators. 

The Oxygen CoLab invited Spark Health Design to conduct a human-centred design 
evaluation of oxygen concentrators in partnership with the Oxygen for Life Initiative and the 
Center for Public Health and Development. This work builds on prior efforts of the World 
Health Organization and UNICEF to describe the optimal technical specifications for oxygen 
therapy devices and oxygen concentrators (World Health Organization 2015, World Health 
Organization and the United Nations Children’s Fund 2019). We also worked closely with the 
UNICEF and NEST 360 team who simultaneously developed a comprehensive target product 
profile for oxygen concentrators used in LMICs which also informed this work (United Nations 
Children’s Fund and NEST 360, 2022).

We used a human-centred design and usability engineering approach to explore firsthand 
experiences of nurses, biomedical engineers, and biomedical engineering technicians (BME(T)
s) who use of existing oxygen concentrators in under-resourced healthcare facilities in low 
and middle-income countries. The resulting guide provides inspiration for new innovators 
and existing manufacturers on usability considerations when designing fit-for-purpose 
concentrators for under-resourced settings (URS) in LMICs. 

The goal is to increase the safety and efficacy of concentrators through improving their 
usability in under-resourced healthcare facilities worldwide. Figure 1 depicts the system of 
devices and accessories used to deliver safe and effective oxygen therapy. Elements of focus 
in this evaluation are shown at the top.
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Manufacturers can increase the lifesaving impact 
of oxygen equipment by designing oxygen 
concentrators and accessories that are usable for 
the intended uses, intended users, and intended 
use environments in low and middle-income 
countries. As depicted in Figure 2, the priority is to 
first design the concentrator to prevent use errors. 
If there are still use-related risks remaining after the 
features are designed to mitigate use-related risks 
as far as possible, then labelling including alarms, 

markings, displays, and instructions for use can be 
employed to prevent use errors (Labeling, 2022). 
Required training is viewed as a last resort if all 
other efforts are insufficient to mitigate use-related 
risks. The most impactful way to improve usability 
is to design the device such that users are not 
able to make errors that could harm patients, 
themselves, or bystanders (International Standards 
Organization, 2019). 

Figure 1: Devices and accessories required for safe and effective oxygen therapy, with devices of focus for this evaluation 
at the top.
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The most effective strategies to employ 
during device design to reduce or eliminate 
use-related hazards involve modifications 
to the device user interface. To the extent 
possible, the “look and feel” of the user 
interface should be logical and intuitive to use. 
A well-designed user interface will facilitate 
correct user actions and will prevent or 
discourage actions that could result in harm 
(use errors). Addressing use-related hazards 
by modifying the device design is usually 
more effective than revising the labelling or 
training. In addition, labelling might not be 
accessible when needed and training depends 
on memory, which might not be accurate or 
complete. (Office of Device Evaluation, 2016)

In addition to increased safety and efficacy, an 
added benefit of such practises is the likelihood 
that good user interface design will reduce training 
costs to healthcare facilities (Sawyer, 1997). Usable 
devices reduce reliance on user manuals and the 
need for user training and retraining (Food and 
Drug Administration, 2022). Accordingly, there is 
an opportunity for concentrator manufacturers to 
design more usable concentrators and accessories 

for healthcare contexts in LMICs. This will reduce the 
burden of training and servicing and whilst increasing 
the provision of safe and effective oxygen therapy as 
Figure 3. 

All healthcare professionals (including nurses, 
midwives, doctors, medical assistants, etc.), 
biomedical engineers, and biomedical engineering 
technicians working with oxygen concentrators 
and accessories need to be educated in the general 
principles of their use and operation. However, 
more usable devices would lead to shorter training, 
decrease the need for repeat training, and decrease 
the need for training across different brands and 
models of concentrator and accessory. More usable 
devices would also enable training to be easily 
integrated in pre-service and in-service training, 
including in orientation for new and rotating staff 
and on-the-job learning at the bedside.

In addition, regulatory bodies view dependence 
on training as a last resort to ensure safe and 
effective device use. Even when training is provided, 
participants often lose knowledge over time. 
In under-resourced settings, there is often no 
opportunity for a refresher course. In addition, 

Figure 2: Priority of focus for medical device manufacturers to mitigate use-related risks. 

Priority 1: Features
Design features to 
prevent use errors

Priority 2: Labelling
Add labelling such as alarms, 
markings, displays and 
instructions for use to mitigate 
any remaining use-related risks

Priority 3: Training
Design a required training for all 
users if labelling is insufficient to 
mitigate remaining use-related 
risks
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personnel frequently move to new facilities where 
they encounter new brands and models of familiar 
devices that today require new training. 
This document primarily concerns itself with the 
design of the device features and labelling to enable 
the oxygen concentrator system to be as usable as 
possible. Some of the insights in this document can 
also inform training program design. The result will 
be higher lifetime utilisation of each concentrator 
and more patients receiving safe and effective 
oxygen therapy worldwide.

Figure 3: The opportunity for concentrator manufacturers to design more usable concentrator and accessories 
for healthcare contexts in LMICs. 

Improve device design 
and labelling for LMICs
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Medical Device Development 
for Usability
Human-centred design (HCD) is a flexible set of tools, processes, and mindsets that can 
help uncover the essential needs of diverse stakeholders involved in the success of medical 
technology for global health (Fisher & Johansen, 2020). Human-centred design is defined by 
the International Organization for Standardization as:

An approach to interactive systems development that aims to make systems usable and 
useful by focusing on the users, their needs and requirements, and by applying human 
factors/ergonomics, and usability knowledge and techniques. This approach enhances 
effectiveness and efficiency, improves human well-being, user satisfaction, accessibility 
and sustainability; and counteracts possible adverse effects of use on human health, 
safety and performance. (ISO 9241-210:2019(E))

Usability engineering process and methods are described in Application of usability 
engineering to medical devices (IEC 62366-1:2015). Usability engineering is part of the medical 
device risk management approach described in Application of Risk Management to Medical 
Devices (ISO 14971:2019). Together, HCD and usability engineering can be used throughout 
the medical device development process to yield usable, safe, and effective medical devices as 
shown in Figure 4.

HCD is especially useful in the early stages of a medical device design process because the 
approach is flexible and adaptable to help discover what matters most to communities and 
stakeholders. HCD is useful for identifying opportunities and evaluating the desirability and 
usability of early-stage concepts. The opportunity identification and concept generation 
phases may include one or more cycles of stakeholder engagement to arrive at a concept with 
potential to be beneficial to the community, desirable by stakeholders, technically feasible, 
and viable for the business. 

Usability engineering can also inform early-stage work by identifying the intended uses, and 
important characteristics of intended users, and use environments that may affect usability. 
Usability engineering is applied even more prominently in during detailed engineering. Once 
concepts have detailed user interfaces, usability engineering can improve the design and 
identify use-related risks through iterative formative evaluations. These evaluations inform 
the use-related risk analysis (URRA) that identifies all critical tasks that must be included in 
the final usability validation testing. Once the product, labelling, and any required training 
materials are finalized, usability validation (summative) testing is performed to provide 
objective evidence that use-related risks are mitigated as far as possible. The results of the 
usability validation testing are included in the device’s technical file for regulatory approval as 
part of documenting the risk management process for the device and for compliance with the 
IEC 62366-1:2015 usability standard. 

Many countries worldwide require that manufacturers follow the ISO 14971:2019 risk 
management process in order for their medical devices to be approved for marketing in those 
countries. In addition, many countries provide an expedited approval or product registration 
process for products with prior European Union CE Mark or U.S. FDA approval. In the 
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European Union, the shift from the Medical Device 
Directive (MDD) to the Medical Device Regulation 
(MDR) in May 2021 has placed a renewed emphasis 
on requiring manufacturers to follow the usability 
evaluation process described in IEC 62366-1:2015. 
The US FDA expects manufacturers to follow a 
substantially similar guidance, Applying Human 
Factors and Usability Engineering to Medical Devices 
(Office of Device Evaluation, 2016).

Despite standards agencies and academic literature 
offering strong support for using formal usability 
engineering methods, manufacturers are still 
hesitant due to a range of factors including (Money 
et al., 2011): 

 z not knowing usability engineering is required 
 z not factoring usability activities into the budget
 z worries about delaying development timelines
 z perceived barriers to obtaining ethical approval 

for user research
 z the belief that there is no need given the 

‘all-knowing’ nature of senior health care 
staff and clinical champions advising the 
manufacturer 

 z a belief that effective results are achievable by 
consulting a minimal number of champions

 z junior health care practitioners and patients 
seen as being unable to provide valuable input 
into the process 

Many manufacturers do not perform any usability 
evaluation during the design process, and then seek 
to perform usability validation testing with their final 
product. Unfortunately, there is often insufficient 
information to design the validation testing because 
earlier HCD and formative evaluation work is used 
to define the intended users, use environments, 
and critical tasks to include in the validation testing. 
Waiting until the end can be costly leading to 
product launch delays due to unsuccessful first 
attempts at usability validation testing, discovering 
that the device design must be altered to mitigate 
new risks uncovered during usability validation 
testing after tooling has been built, or submission 
rejection by regulatory agencies due to inadequate 
usability engineering file documentation.

Using HCD and usability engineering early and often 
has a variety of benefits to manufacturers and to 

Figure 4: Human-centred design and usability engineering across the phases of medical device development. 

CC BY-SA 4.0 Spark Health Design
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society (Johansen, 2018). 

 z Preventing harm to users, patients, and others
 z Avoiding expensive product recalls and 

litigation
 z Generating necessary usability data for 

regulatory approval
 z Previewing how the market/users will react to 

the device before it has been fully designed, 
enabling changes early in development that 
increase the odds of uptake in the market

 z Creating and cultivating relationships with 
ecosystem stakeholders during development 
who are important to the launch of the device

 z Increasing the odds of reaching intended 
impact by previewing the likely impact

The US FDA also lists a variety of beneficial 
outcomes to the usability engineering process (Food 
and Drug Administration, 2022) 

 z Safer connections between device components 
and accessories (e.g., power cords, leads, 
tubing, cartridges)

 z Improved controls and displays interaction
 z Better user understanding of the device’s status 

and operation
 z Better user understanding of a patient’s current 

medical condition
 z More effective alarm signals management
 z Easier device maintenance and repair
 z Reduced user reliance on user manuals
 z Reduced need for user training and retraining
 z Reduced risk of use error
 z Reduced risk of adverse events
 z Reduced risk of product recalls

This evaluation used both HCD and usability 
engineering methods to identify opportunities 
for more usable, safe, and effective oxygen 
concentrators and accessories for use in healthcare 
facilities in LMICs. The information in this guide is a 
good starting place for manufacturers developing 
new user interface concepts. As a next step, we 
strongly encourage manufacturers to engage 
stakeholders in the geographic regions and 
environments in which the device will be used as 
shown in Figure 4. 
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Evaluation Methodology

Countries and Facilities

The HCD evaluation took place at multiple levels of facilities in Nigeria and Kenya; two 
countries representing different oxygen use patterns throughout the health system. Although 
the evaluation took place in two African countries, we believe the results shed light on typical 
usability challenges across healthcare facilities in many low and middle-income countries 
throughout the world.

Nigeria Background
Nigeria is a country located on the western coast of Africa. It has a land mass of 923,768 
sq.km. The national capital is Abuja, in the Federal Capital Territory, which was created 
by a decree in 1976. Lagos, the former capital, retains its standing as the country’s 
leading commercial and industrial city. Modern Nigeria dates from 1914, when the 
British Protectorates of Northern and Southern Nigeria were joined. The country became 
independent on October 1, 1960, and in 1963 became a Federal Republic but elected to stay 
a member of the British Commonwealth. Nigeria is bordered to the north by Niger, to the 
east by Chad and Cameroon, to the south by the Gulf of Guinea of the Atlantic Ocean, and to 
the west by Benin. Nigeria is not only large in area but also Africa’s most populous country 
(Ade Ajayi, 2022, Nigeria High Commission, 2022). Based on the projections of the latest 
United Nations data, the current population of Nigeria is estimated to be 216,014,084 (World 
Population Review, 2022).

Nigeria operates a constitutional democracy (since 1999) with three federating units (federal, 
state and local government) and a bicameral legislature. Nigeria has 36 states, the FCT 
and 774 local government areas which are grouped into six geopolitical zones based on 
geographical location and ethnicity (Ade Ajayi, 2022, Nigeria High Commission, 2022, National 
Geographic Kids, 2022).

Ethnically, Nigeria is greatly diverse with over 250 different groups and indigenous languages. 
However, the major ones by population are Hausa/Fulani, Yoruba, Igbo, Ijaw, Kanuri, Tiv, 
Urhobo and Ibibio. The official language in Nigeria is English with roughly 79 million speakers, 
about 39% of the population, according to World Atlas in 2019.

Prior to crude oil exploration and sales in the 1970’s, agriculture was the major economic 
activity in Nigeria. The country was one of the largest exporters of cocoa, cotton, rubber, palm 
oil and groundnut. Currently, Nigeria is the largest producer of Cassava worldwide.

Background of Nigerian Health system
Nigeria operates a pluralistic health system consisting of orthodox, traditional and alternative 
medicine. The healthcare administration is tied to the 3 levels of tiers of government. The 
federal and local governments administer the primary health care facilities. Secondary and 
tertiary level facilities are under the control of the state and federal government respectively. 
Out of pocket payment consists of about 70% of health care expenditure. Nigeria ranks low in 
many health indices. Under–five mortality rate is 132 deaths per 1000 live births which is far 
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away from the Sustainable Development Goal (SDG) 
3.2 target of 25 deaths per 1000 live births.

Nigeria is home to at least 18 brands of 
concentrators according to a survey conducted 
in 2016. Many more brands are expected to be in 
Nigeria market space due to increased attention 
to oxygen therapy as result of Covid–19 pandemic. 
In a recent study conducted in Ikorodu LGA, Lagos, 
21/27 (77.8%) of private facilities, 8/28 (28.6%) of 
primary health facilities and 3/3 (100%) of secondary 
level facilities had oxygen concentrators (Graham et 
al., 2021).

Uses of Oxygen Concentrators in Nigeria
At the primary care level, oxygen is mostly used 
for stabilisation purposes, pending referral. At the 
secondary and tertiary care levels, patients pay 
differently for cylinder and concentrator oxygen. 
Most facilities purchase cylinder oxygen from 
external oxygen service providers at a high cost 
and this cost is passed onto patients. Concentrator 
oxygen is usually the cheaper of the two or free 
to patients because the only costs are electricity 
and some consumables. Concentrators are used 
as back-up for cylinders in many secondary level 
facilities which usually means they are used once 
the patient cannot pay for cylinder oxygen. Some 
typical clinical conditions addressed with oxygen 
concentrators in Nigeria are: 

Cardiovascular disease
Chronic obstructive pulmonary disease 
Tuberculosis 
Mild dyspnoea
Neonatal asphyxia
Severe anaemia
Post-operative care

Kenya Background
Kenya is a country within the Eastern Africa 
region. According to the latest census done in 
2019, Kenya Bureau of Statistics estimates the 
current population is 47,564,296. About 10% of the 
population lives in the capital city of Nairobi. The 
population pyramid for rural areas shows a wide 
base concentrated among population aged below 
15 years while the population pyramid for urban 
areas indicates that the majority of the population 
is concentrated between ages 20 and 34 among 
both sexes (Kenya Bureau of National Statistics, 
2020). Administratively, as provided by the 2010 
constitution, Kenya is divided into 47 counties. This 

constitution also had a provision to decentralize 
national government functions ushering in a new 
era of leadership with 47 governors and their teams 
taking up the reins of power in newly-created 
counties. There are 40 ethnic groups found in Kenya 
speaking 60 different languages, with English and 
Swahili being official languages.

Background of Kenyan Health System
In Kenya, the public health system has facilities 
categorized into six levels of service provision. 
Level 1 offers community services; Level 2 is 
dispensaries and clinics. Level 3 is health centres 
which includes maternity and nursing homes. Level 
4 is sub-county hospitals and medium-sized private 
hospitals. Level 5 is county referral hospitals and 
large private hospitals. National referral hospitals 
and large private teaching hospitals are in level 
6 categorization. Primary health care is provided 
at levels 1 to 3. Health facilities in Level 1 to 5 are 
managed at the county level. In the county, the 
governor appoints County Executive Committee 
(CEC) members including one for health. The 
Health CEC answers to the governor and the 
County Assembly through the County Executive 
Health Committee. The Health CEC must ensure 
that there is effectiveness and proper coordination 
in the sector in the way that the County Health 
Management Team, County Referral Hospital 
Management Team, the Sub-County Health 
Management Team, the Primary Care Facility 
Management Team and the Community Unit 
discharge of their duties. Facilities at Level 6 are 
managed under the National government.

The Director of Medical Services has the 
responsibility to coordinate and oversee six Health 
departments including: 

Preventive and Promotive Health 
Curative and Rehabilitation Services 
Standards and Quality Assurance and 
Regulations 
Health Sector Coordination and Inter-
governmental Control 
Administrative Services & Policy 
Planning and Health Financing 

The Ministry of Health and the Parliament are linked 
through the National Assembly and the Senate’s 
departmental committees on health. These two 
committees oversee the ministry and push health 
agendas in the House so they can be adopted and 
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validated after the President has signed them into 
the law.

The private healthcare in Kenya has become 
more prominent in the past few years, playing a 
large role across all the social economic groups. 
Acknowledging its role in service provision, the 
Government of Kenya (GOK) has implemented 
a plan that includes a social health insurance 
that Kenyans can use in both public and private 
facilities. This has led to increased access to health 
care as well as contributed to reducing the role 
of the Ministry of Health in service delivery thus 
decongesting public health facilities to some extent.

Uses of Oxygen Concentrators in Kenya
In Kenya, patients in the public health system do 
not pay for oxygen. Level 5 hospitals and Level 4 
health centres included in this evaluation used 
oxygen concentrators frequently. At the health 
centres, oxygen concentrators were often used 
for stabilizing patients pending referral, whereas 
oxygen concentrators may be used for multiple 
days with patients at the Level 5 hospitals. 

Facility Selection for this Evaluation
Healthcare facilities were selected for this 
evaluation based on the following criteria:

 z Current use of oxygen concentrators
 z At least two primary care facilities or equivalent
 z Multiple facilities with pediatric and adult 

patients

In addition, facilities were selected to represent a 
variety of these criteria:

 z Experience with different brands and models of 
concentrator

 z Number of patients served
 z Busy versus slow
 z Rural versus urban
 z Private versus public/government
 z Characteristics of outages & backup power 

In Nigeria, two public primary health centres, seven 
secondary hospitals (three public and four private), 
and two public tertiary hospitals were included 
from four states in Nigeria as shown in Figure 5. 
Additional interviews were conducted with BME(T)
s from two additional secondary hospitals and one 
tertiary hospital in Nigeria. In Kenya, two public 
Level 4 health centres with maternity services 
and one Level 5 public hospital were included in 
the evaluation. All three facilities were in Nairobi. 
A full list of the participating facilities and their 
demographics can be found in Appendix A.

Figure 5: Regions of facilities participating in the evaluation in Nigeria and Kenya. 

Facilities in Nigeria

Ogun

Oyo

Lagos

Jigawa

Facilities in Kenya

Nairobi

CC BY-SA 4.0 Spark Health Design
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Participants

In this evaluation, we engaged nurses and BME(T)
s to learn about their use of commercially-available 
oxygen concentrators. All participants included in 
the evaluation were over the age of 18. Participants 
were selected to represent a range of these 
qualities:

 z Type of specialty or department (include many 
pediatric and neonatal)

 z Years in practise
 z Frequency of oxygen use
 z Past use of concentrators

Participants were recruited with assistance from the 
participating facilities. All participants were assigned 
an ID to protect and anonymize their data. As part 
of the informed consent process, all participants 
gave permission for their faces to appear in this 
publicly-shared document.

Fifteen nurses and eleven BME(T)s were engaged 
in Nigeria. Eleven nurses and six BME(T)s were 
engaged in Kenya. During the evaluation we 
learned that attendants also played a significant 
role in device cleaning and maintenance. We did 
not engage any attendants, but would recommend 
including attendants in future evaluations. A full list 
of the participant demographics is in Appendix A.

The typical role of nurses is similar in Kenya and 
Nigeria and includes the following:

 z Admission of patients into the ward.
 z Oversee patients referral within and between 

health facilities.
 z Triaging/ initial assessments of patients 

including vital signs, provision of emergency 
services e.g., oxygen administration, cardio-
pulmonary resuscitation, monitoring of 
in-patients, drugs (oral and intramuscular) and 
fluid administration as per treatment order 
written by the managing physician/unit.

 z Maintaining records on patients/clients health 
condition and care.

 z Health education and counselling for patients.
 z Ensuring a tidy and safe clinical environment; 

and collecting and compiling data.
 z Training for junior and other health related 

staff.
 z Planning, implementing nursing interventions 

and evaluating patient’s outcomes.
 z Administrative duties depending on education 

level and experience.

The various roles of biomedical engineers and 
biomedical engineering technicians in Nigeria and 
Kenya are listed below. Additional information 
about the role of biomedical engineers and 
technicians in LMICs has been published by the 
World Health Organization (2017).

 z Install, assemble and test all equipment 
delivered to the facility or equipment that 
needs to be moved to another department.

 z Carry out maintenance interventions for all 
hospital equipment. This includes:
 y Planned preventive maintenance.
 y Predictive maintenance
 y Corrective maintenance (repair)

 z Planning and technical support for hospital 
administration during procurement process for 
medical equipment.

 z Attend and participate in continuing medical 
education to furnish better use of equipment.

 z Train junior staff.
 z Install electrical service in some settings.
 z Keep the following documentation:

 y A comprehensive inventory of all medical 
equipment in the facility.

 y Updated planned preventative maintenance 
schedule.

 y Maintenance activity log.
 y Tools and spare parts.
 y Training schedule/ continuing medical 

education schedule.
 y User and technical manuals.
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HCD Evaluation Activities

This evaluation included human-centred design and 
usability engineering methods to gather information 
about what nurses and BME(T)s say and what 
nurses and BME(T)S do. First, we took a tour of all 
participating facilities to observe their current use 
of oxygen therapy and to measure the output of the 
oxygen concentrators in the paediatric and neonatal 
departments, and as many other departments 
as possible. Next, we interviewed intended users 
about their background and past use of oxygen 
concentrators to understand how they view the 
current successes and challenges of oxygen 
concentrators. We then engaged participants 
in simulated use scenarios with concentrators 
to observe them in-use. Finally, we involved 
participants in a preferred product features cards 
sorting exercise to determine what features are 
most and least important to them. The result is a set 
of opportunities to improve the safe and effective 
use of concentrators and key accessories for LMICs 
as shown in Figure 6.  

Ethical Approval
This was a minimal risk evaluation that did not 
include any use of oxygen concentrators with 
patients. Oxygen for Life Initiative obtained ethical 
approval in Nigeria from Oyo State Ethics Review 
Committee Letter 24 December 2021 Ref. No 
AD13/479/44223A and UI/UCH Ethics Committee 
assigned number: UI/EC/21/0078. Center for 
Public Health and Development obtained ethical 
approval in Kenya from Maseno University Ethics 
Review Committee 16 February 2022 Ref. MSU/
DRP/MUERC/01053/22; National Commission for 
Science, Technology & Innovation 4 March 2022 Ref 
No. 516432; and Nairobi Metropolitan Services 22 
March 2022 Ref. EOP/NMS/HS/107.  

As part of the approved protocols, all participants 
gave consent to share photos with their faces in this 
publicly available report.

Moderators
All moderators and evaluation personnel were 
selected by Oxygen for Life Initiative and Center for 
Public Health and Development. All moderators and 
evaluation personnel were trained in the protocol 
and moderator’s guide by Spark Health Design 
before starting activities. Training included: 

 z instruction in how to conduct an interview using 

prompts to elicit storytelling and asking open-
ended follow-up questions

 z practising all simulated use scenarios with the 
oxygen concentrators 

 z practising the preferred product card sort 
activity

More information about these techniques can be 
found in Fisher & Johansen (2020) and Linnes et al. 
(2020). 

Contextual Inquiry & Oxygen Concentrator Survey
The teams in each country took a tour of each 
facility before beginning participant interviews. 
Within usability engineering, this activity is also 
known as contextual inquiry. The tour included:

 z use environments in paediatric, neonatal, and 
other departments 

 z storage environments for oxygen 
concentrators, accessories, and disposables

 z equipment maintenance and repair 
environments

 z other types of oxygen used at the facility

Figure 6: Opportunities for improved device usability are 
identified by analysing what nurses and BME(T)s say and 
what nurses and BME(T)s do. 

CC BY-SA 4.0 Spark Health Design

Opportunities

What nurses and BME(T)s say
 z Background and past use of 

oxygen concentrators
 z Preferred product features 

card sort

What nurses and BME(T)s do
 z Simulated use of provided 

oxygen concentrators
 z Observations of actual use 

and contextual inquiry
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 z backup power sources
 z measuring oxygen output from facility oxygen 

concentrators

Background Interview
The background interview was designed to collect 
demographic information from nurse and BME(T) 
participants and evoke storytelling. We asked 
participants to tell us a recent story of using or 
repairing an oxygen concentrator and a story 
of a time when using or repairing the oxygen 
concentrator was challenging. Interviews were 
conducted in a convenient location such as an office 
at the hospital, or a nearby hotel as shown in Figure 
7.

Simulated Use Scenarios
To design the simulated use scenarios, we asked 
Oxygen for Life Initiative and Center for Public 
Health and Development to provide background 
information on typical use errors they encounter 
in their oxygen programming. Then, we performed 
a use-related risk analysis (URRA) using a Drive 
DeVilbiss 10L concentrator as an example to 
identify the critical tasks that could be included 
in the evaluation. A critical task is a user task 
which, if performed incorrectly or not performed 

at all, would or could cause serious harm to the 
patient or user, where harm is defined to include 
compromised medical care (Office of Device 
Evaluation, 2016). We selected a set of critical tasks 
to include in scenarios designed for nurses and 
BME(T)s. 

For the simulated use testing, we selected 
concentrators that were included in the 2021 
UNICEF Supply Catalogue and were available 
locally in Nigeria and Kenya as evidence that they 
may be some of the concentrators best designed 
for under-resourced environments. We included 
one single flow and one dual flow concentrator in 
each country. The concentrators included in the 
simulated use scenarios are depicted in Figure 8.

Fifteen nurse and six BME(T) participants in Nigeria, 
and eleven nurse and five BME(T) participants in 
Kenya performed the simulated use scenarios and 
answered the knowledge questions listed in Table 1. 
These were conducted in a convenient room in the 
hospital such as an office or at a room in a nearby 
hotel as shown in Figure 9, Figure 10, and Figure 11.

Figure 7: Background interview with a nurse participant in Nigeria.
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Figure 8: The four concentrators used in simulated use scenarios and their control panels.

Figure 9: Supplies for participants to access during simulated use testing in Nigeria.

AirSep NewLife Intensity 10

Nidek Nuvo 10

Longfian Jay-10, Dual flow

Canta V8-WN-NS, Dual Flow

Figure 8: The four concentrators used in simulated use scenarios and their control panels. 

CC BY-SA 4.0 Center for Public Health and Development and Oxygen for Life Initiative



23

Design for Oxygen Concentrator Usability in Under-Resourced Healthcare Settings V.1.0

ID For Nurse Participants For BME(T) Participants

Scenarios performed by OLI Nigeria only; not as relevant in Kenya

1N & 1B Move concentrator across room and set up 
therapy for one patient including cabinet 
filter change

Move concentrator across room and use 
oxygen analyser to evaluate concentrator 
output, including cabinet filter change

2N & 2B Troubleshoot pinched cannula tube (obstruction)
3N & 3B Troubleshoot unplugged concentrator (power interruption)

4N & 4B Troubleshoot no concentrator flow to external flow splitter

5N & 5B Add a patient to external flow splitter and 
troubleshoot external flow splitter with 
leaky hose connection

Troubleshoot external flow splitter with 
leaky hose connection

6N & 6B Discontinuing therapy for one patient w/
external flow splitter  

Troubleshoot concentrator flow too high 
for external flow splitter  

7N & 7B Troubleshoot Humidifier bottle top cross-threaded leading to a leak  

8N & 8B (Dual flow concentrator only) troubleshoot 
desired flow setting exceeds capacity  

(Dual flow concentrator only) troubleshoot 
desired flow setting exceeds capacity  

9N & 9B Add a patient to the external flow splitter Troubleshoot concentrator flow setting too 
low for flow splitter patient requirement

10N & 10B Troubleshoot holes in connecting tubing leading to external flow splitter. **This scenario 
was originally proposed, but not used because it was essentially equivalent to the leaky 
hose connection in scenario 5N / 5B.

11N & 11B Troubleshoot stabiliser not turned on

Knowledge Questions

12B N/A Response to system failure alarm

13B N/A Troubleshooting concentrator vibrating 
excessively due to compressor

14B N/A Troubleshooting concentrator starting & 
stopping due to thermal regulator

Each task performed within each scenario was scored according to the rubric in Table 2.

Table 2: Simulated use scenario task scoring

Score Description
Pass Participant performed the task correctly.
Close Call Participant came close to making an error. For example, taking a long time to complete 

the task, verbalizing incorrect ideas of how to perform the task, or performing it 
incorrectly, but then correcting it without external assistance.

Use Error Participant did not perform the task correctly. 
N/A Participant did not have the opportunity to perform the task. Examples include if a 

participant leaves early before completing all activities, or when a participant doesn’t 
perform the prior tasks making it impossible to perform the current task to be scored.

Table 1: Use scenarios and knowledge questions used in the evaluation.
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The scenarios and knowledge questions were designed to test the critical tasks determined through our 
initial use-related risk analysis. We updated our use-related risk analysis (URRA) based on findings from the 
evaluation, interviews, and contextual inquiry, leading to the updated list of critical tasks shown in Table 3. 
There were a number of critical tasks we did not test during the evaluation either because they were not part 
of the initial URRA, or because we deprioritized them in order to include time for interviews and the preferred 
features card sort. The critical tasks deprioritized were those that did not appear to be as likely to lead to 
insights for an improved concentrator design. For example, critical tasks whose risks are primarily mitigated 
through warnings listed in the instructions for use. 

Table 3: All tasks identified in the use-related risk analysis (URRA) and those included in the evaluation.

ID Critical Tasks Nurse Activity BME(T) Activity
1.1 Open box and remove device N/A Not evaluated
2.1 Position near power outlet 1N Scenario 1B
2.2 Position near patient Scenario 1N N/A
2.3 Position air inlet away from drapes and walls Scenario 1N Scenario 1B
2.4 Position in environment low in airborne pollutants 

or fumes
Contextual inquiry Contextual inquiry

2.5 Position on a flat surface Contextual inquiry Contextual inquiry
2.6 Position in environment within indicated operating 

temperatures
Contextual inquiry Contextual inquiry

2.7 Position in environment within indicated range of 
operating humidity

Contextual inquiry Contextual inquiry

2.8 Position in an environment below indicated max 
altitude

Contextual inquiry Contextual inquiry

3.1 Release power cable Not a critical task Not a critical task
3.2 Plug power cord to power outlet on concentrator Not evaluated Not evaluated
3.3 Check that the power switch is in the off position 

before connecting to power
Scenarios 1N, 3N Scenarios 1B, 3B

3.4 Plug cord into power outlet Scenarios 1N, 3N Scenarios 1B, 3B
4.1 Check cabinet air inlet vents are clean Scenario 1N Scenario 1B

Figure 10: 
A BME(T) 
participant 
replaces the 
cabinet filter 
during a 
simulated use 
scenario in 
Nigeria.

Figure 11:  
A nurse 
participant 
sets up oxygen 
therapy for a doll 
patient during 
a simulated use 
scenario in Kenya. 
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ID Critical Tasks Nurse Activity BME(T) Activity
4.2 Connect christmas tree adapter to threaded 

concentrator outlet 
Not evaluated Not evaluated

4.3 Remove christmas tree adapter from threaded 
concentrator outlet 

Not evaluated Not evaluated

4.4 Connect bubble humidifier bottle to threaded 
concentrator outlet

Scenario 1N, 7N Scenarios 1B, 7B

4.5 Connect bubble humidifier bottle to tube-ready 
concentrator outlet using a connecting tube

Scenarios 1N, 7N Scenarios 1B, 7B

4.6 Connect patient oxygen tubing to tubing-ready 
outlet, christmas tree adapter, or humidifier outlet.

Scenarios 1N, 5N, 
9N 

N/A

4.7 Put oxygen accessory on patient Outside of scope Outside of scope
5.1 Switch power ON Scenario 1N Scenario 1B
5.2 Wait to start using oxygen until oxygen purity level is 

medically effective 
Scenario 1N 
and knowledge 
questions asked as 
part of the scenario

Knowledge 
questions asked as 
part of scenario 1B

5.3 Adjust the flow rate / check that meter is at the 
desired flow rate

Scenarios 1N, 4N, 
5N, 6N, 8N, 9N

Scenario 1B

5.4 Verify flow is coming out of oxygen tubing Scenarios 1N, 5N, 
8N, 9N, 

N/A

6.1 Periodically reassess efficacy of oxygen therapy Outside of scope Outside of scope
7.1 Press the power switch to the OFF position Not evaluated Not evaluated
7.2 Remove oxygen accessory from patient Outside of scope Outside of scope
7.3 Disconnect oxygen tubing from tubing-ready outlet, 

christmas tree connector, or bubble humidifier 
bottle

Scenario 6N N/A

7.4 Disconnect bubble humidifier bottle Scenario 7N Scenario 7B
8.1 Disconnect from power Not evaluated Not evaluated
8.2 Secure the power cord Scenario 1N Scenario 1B
8.3 Carry the device from one place to another Scenario 1N Scenario 1B
8.4 Roll device from one spot to the other Scenario 1N Scenario 1B
9.1 Stop patient therapy and switch device OFF before 

cleaning
Not evaluated N/A

9.2 Wipe air vents with a dry cloth Interview about 
maintenance and 
cleaning 

N/A

9.3 Clean outer cabinet at specified frequency Interview about 
maintenance and 
cleaning

N/A

9.4 Clean christmas tree adapter at specified frequency Not evaluated N/A
9.5 Disinfect outer cabinet between patients Interview about 

maintenance and 
cleaning

N/A

9.6 Disinfect christmas tree adapter between patients Not tested N/A

Table 3 (continued)
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9.7 Clean/change cabinet filter (not required for all 
concentrators)

Scenario 1N and 
interview about 
maintenance and 
cleaning

N/A

10.1 Qualified user opens cabinet with device unplugged N/A Concentrator 
repair activity 
interview

10.2 Change compressor inlet filter (not required for all 
concentrators)

N/A Concentrator 
repair activity 
interview

10.3 Change bacteria filter (not required for all 
concentrators)

N/A Concentrator 
repair activity 
interview

11.1 Detect low frequency vibration and stop using 
device

Not evaluated Knowledge 
question 13B

11.2 Re-start device after power interruption Scenario 3N Scenario 3B
11.3 Reset fuse Not evaluated Concentrator 

repair activity 
interview

12.1 Store device in appropriate environment Contextual inquiry Contextual inquiry
13.1 Diagnose source of malfunction N/A Scenario 1B and 

concentrator 
repair activity 
interview

13.2 Replace malfunctioning internal part N/A Knowledge 
questions 12B, 14B 
and concentrator 
repair activity 
interview

14.1 Follow local governing ordinances and recycling 
plans regarding disposal of device components

N/A Not evaluated

DNG1 Danger: Smoking near the concentrator is a fire 
hazard

Not evaluated Not evaluated

DNG2 Danger: Leaving cannula or mask on cloth during 
concentrator operation is a fire hazard

Not evaluated Not evaluated

DNG3 Danger: Proximity to hot, sparking objects or naked 
sources of flame is a fire hazard

Not evaluated Not evaluated

WRN1 Warning: Using lubrication is a fire hazard Not evaluated Not evaluated
WRN2 Warning: Use of petroleum or oil-based lotions or 

salves on patient skin risks fire and burns
Not evaluated Not evaluated

WRN3 Warning: Proximity to flammable anaesthetic 
mixture with air or with oxygen or nitrous oxide is a 
fire hazard

Not evaluated Not evaluated

WRN4 Warning: Use patient monitoring and/or a 
distributed alarm system 

Not evaluated Not evaluated

WRN5 Warning: Malfunctions due to proximity to Magnetic 
Resonance environment

Not evaluated Not evaluated

Table 3 (continued)
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ID Critical Tasks Nurse Activity BME(T) Activity
WRN6 Warning: Malfunctions due to proximity to 

electromagnetic equipment such as Computed 
Tomography (CT) scanners, Diathermy, Radio 
Frequency Identification (RFID) and electromagnetic 
security systems (metal detectors) 

Not evaluated Not evaluated

WRN7 Warning: Malfunctions due to proximity to 
active HIGH FREQUENCY SURGICAL EQUIPMENT 
and the RADIO FREQUENCY shielded room of a 
MANGANESE-ENHANCED SYSTEM for magnetic 
resonance imaging

Not evaluated Not evaluated

WRN8 Warning: Malfunctions due to equipment adjacent 
to or stacked 

Not evaluated Not evaluated

WRN9 Warning: Malfunctions due to proximity to portable 
radio frequency communications equipment 
(including peripherals such as antenna cables and 
external antennas) 

Not evaluated Not evaluated

N/A indicates when a particular user type is not expected to perform the corresponding critical task.

As shown, we used a mix of use scenarios, 
knowledge questions, interviewing, and contextual 
inquiry to better understand the possible use 
errors in using concentrators. This mixed methods 
approach is useful in the early stages of product 
development to identify the possible use errors and 
hazardous situations to inform the URRA. Notably, 
the approach in early stages differs from usability 
validation testing in which all critical tasks would 
need to be tested. Tasks must be tested through 
use scenarios unless there is no safe and effective 
way to test the tasks in a use scenario. With 
appropriate justification, such tasks can be tested 
through knowledge questions. Critical tasks would 
never be tested through interviewing or contextual 
inquiry during validation testing.

BME(T) Concentrator Repair Activity
To understand more about the experience of 
maintaining and repairing concentrators, we 
asked each BME(T) participant to identify fourteen 
common internal components that are part of most 
oxygen concentrators. An image from this activity 
is shown in Figure 12. We then asked if they had 
experience replacing those components. For those 
components participants had experience replacing, 
we asked them which models of concentrator were 
easiest to replace that component and why. We 
also inquired into the preventative maintenance 
schedule for changing the various concentrator 
filters. 

Figure 12: A BME(T) participant in Kenya identifies the 
internal parts of a concentrator.

Table 3 (continued)
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Figure 13: Preferred product features card sort activity with a nurse participant in Nigeria.

Preferred Features Card Sort
After the background interview and simulated use 
scenarios, all participants engaged in a preferred 
features card sorting activity. Participants were 
provided a deck of cards with possible features 
and first were asked to sort them into categories 
of “important to me” and “not important to me” 
as shown in Figure 13. Participants were then 
asked to pick the five features that were most 
important to them and sort them in order of 
importance. Participants were given another set 
of cards depicting the concentrators included 
in the evaluation, concentrators at their facility, 
and, if relevant, specific features from various 
concentrators currently on the market. For each 
of their top five features, participants were asked 
to sort the concentrators according to which 
devices best met their needs and to those that 
least met their needs. Throughout the exercise, the 
moderator discussed why the cards were sorted in 
this way to better understand the most important 
aspects of the concentrator and accessories in the 
view of participants.

See Appendix D for a copy of the moderator’s guide.

Data Analysis
The data analysis process included:

 z coding the interview and product features card 
sort dialogs and sorting into themes 

 z tabulating the most frequently requested 
product features

 z calculating the rate at which BME(T) participants 
correctly identified concentrator internal 
components

 z scoring the simulated use scenario tasks as 
pass, close calls, or use errors

 z updating the URRA based on learnings from the 
evaluation

In addition, the results were put in the context of 
international standards governing the design of 
oxygen concentrators and their accessories. These 
include:

 z ISO 80601-2-69:2020 governing the design of 
oxygen concentrators

 z IEC 60601-1-8 Ed. 2.2 en:2020 governing the 
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design of alarms for all medical devices
 z IEC 60601-1-1 Ed. 2.0 b:2000 governing the 

safety of features in common between all 
medical electrical equipment 

 z IEC 62366-1:2015 governing the usability 
engineering process for all medical devices

Based on the data, we determined a variety of 
overarching themes that led to twelve opportunity 
areas for improving the design of oxygen 
concentrators, flow splitters, and humidifier 
bottles. We then generated a list of Ideas for Future 
Design – to illustrate each opportunity area. The 
Ideas for Future Design – came from requested 
improvements from participants as well as Spark 
Health Design’s past experience in developing 
medical devices for use in low and middle-income 
countries. These Ideas for Future Design – are 
not meant to be prescriptive, rather, they are 
concepts to illustrate some opportunities for 
manufacturers to explore for future, more usable 
designs. Ultimately, the manufacturer must create 
and test new concepts with their intended users in 
intended use environments to determine whether 
the updated user interface will mitigate use-related 
risks as far as possible. Following this process of 
usability engineering for medical devices is the best 
path to ensuring safe and effective use in under-
resourced healthcare facilities.

Limitations
In this evaluation, we focused on the use of 
concentrators to provide oxygen therapy primarily 
to neonates and paediatric populations, with some 
additional feedback about their use with adult 
populations. We did not focus on the use of oxygen 
concentrators to provide oxygen in conjunction with 
ventilation, non-invasive ventilation, or anaesthesia. 

We recruited nurses with a range of backgrounds, 
but did not specifically seek out midwives, medical 
assistants, attendants, and others who may also be 
intended users of the device for some of the critical 
tasks. That said, there were five registered midwives 
amongst the fifteen nurse participants from Nigeria.

We did not evaluate oxygen concentrator use 
with patients. We briefly observed each facility’s 
concentrators in-use in the clinical setting, but did 
not observe our concentrators in-use in the clinical 
setting. In the tradition of usability engineering, we 
did our best to create realistic clinical simulated 

environments for simulated use testing. However, 
to ensure we could make the testing convenient, 
we tested in some environments that including a 
typical patient hospital bed, and others where a 
table or chair was used as a stand-in. We used dolls 
to stand in as patients instead of more expensive 
and difficult to access clinical training dummies. For 
these reasons, there may be additional use errors 
not observed that would have happened in an 
actual clinical environment.

In order to keep the evaluation to a reasonable 
time span, we did not test all critical tasks identified 
in the use-related risk analysis (URRA). Instead, 
we picked the subset we assumed would be most 
easily simulated in order to allocate time toward 
the participant interviews and preferred product 
feature card sorts. A full list of all critical tasks and 
those included in testing appears in Table 3.

Additionally, only four brands and models of 
concentrator were included in the evaluation. There 
may be other typical use errors we did not observe 
that could occur with different user interfaces. 
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Findings

Opportunity Summary
 
We have identified twelve opportunities to redesign concentrators, flow splitters, and bubble 
humidifier bottles to be easier to use safely and effectively in healthcare settings in low and 
middle-income countries. Addressing these opportunities will decrease instances where 
oxygen concentrators are used ineffectively, or not used at all. 

Providing continuous oxygen therapy requires effective use, steady maintenance, and well-
equipped repair as shown in Figure 14. Seven opportunities we identified are related to the 
ongoing use of the device to provide oxygen therapy. Three opportunities address regular 
maintenance activities that keep the device running safely and effectively. Two opportunities are 

Figure 14: Delivering more effective oxygen therapy by addressing leverage points in the cycle of use, 
maintenance, and repair.
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Figure 14. Delivering more effective oxygen therapy by addressing leverage points in the cycle of use, maintenance, 
and repair.
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related to improving the ability for BME(T)s to repair 
the devices. Our collective vision is for a device better 
designed for users and use environments in LMICs 
that increases the availability of quality oxygen therapy 
to patients at all levels of the health facility spectrum.

The opportunities for manufacturers of concentrators, 
flow splitters, and bubble humidifier bottles to create 
more usable device designs for LMIC healthcare facility 
contexts are listed in Table 4, Table 5, and Table 6.

Table 4: Opportunities and ideas to improve the design of concentrators for use in LMICs.

C-01 INTUITIVE MULTI-FLOW CONTROL Mode: Use User: HCP

Features
1. Make exceeding capacity impossible. Two example approaches:

a. Select controllers such that max flow all controllers = max capacity. 
b. Smart flow control. 

2. Prevent excess flow through internal features. 
3. Provide adjustable flow control for all outlets. 

Labelling 
4. Provide a dedicated indicator when flow capacity is exceeded. 
5. Clearly label total flow capacity. 
6. Provide a warning label to not exceed flow capacity. 

Additional Requested Features
7. Provide more than two oxygen outlets. 
8. Provide 10 LPM and higher capacity to serve more patients.

C-02 DISPLAY AND LABELLING FOR NURSES Mode: Use User: HCP

Features
1. Design to reach 83% concentration within 120 seconds. 
2. Do not include non-working features in the device. 
3. Use a flow meter without parallax errors. 
4. Mount Thorpe tube flow meters vertically. 
5. Add a viewing visor above Thorpe tube flow meters. 
6. Integrate a power switch that defaults to OFF when there is no power. 

Labelling
7. Design a nurse area of the control panel. 
8. Clearly signal the warm-up period. 
9. Provide advanced warning of low oxygen. 
10. Provide leak and obstruction indicators and alarms. 
11. Provide a concentrator high temperature alarm. 
12. Consider adding high priority alarms.  
13. Provide quick start and troubleshooting guide attached to the device. 

Additional Requested Features
14. Improve ergonomics of Thorpe tube flow meter placement.
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Table 4 (continued)
C-03 MORE DURABLE CONCENTRATOR Mode: Use User: HCP

Features
Protect Flow Controller
1. Provide firmly-fixed flow controller knobs. 
2. Recess flow meter for protection.

Protect Humidifier
3. Recess humidifier bottle for protection. 
4. Include a strong humidifier bottle holder. 
5. Make the oxygen outlet cross-thread resistant.  

Protect Oxygen Outlet
6. Recess oxygen outlet. 
7. Select durable materials for oxygen outlet. 

Protect Concentrator from Cleaning
8. Select chemical-resistant materials for concentrator. 

Manage Heat
9. Integrate a stand-off for the air inlet. 
10. Improve the heat exchange design.

Rugged Portability
11. Include a power cable stowage point.
12. Incorporate rugged, elastic casters.  

Pest-Proof Internals
13. Select a durable internal tube manifold material.

Labelling
Protect Housing from Cleaning
14. Attach a quick reference of acceptable disinfectant and cleaning chemicals and procedures 

to the device. 

C-04 COMPATIBLE WITH POWER IN LMICS Mode: Use User: HCP

Features
1. Integrate a power stabiliser.
2. Include a detachable power cable.
3. Provide a longer power cable.
4. Design to not restart automatically after power interruption. 

Additional Requested Features
5. Make the device compatible with car batteries or solar panel systems. 
6. Design for lower electricity consumption.
7. Include a five-minute backup battery. 
8. Include a thirty minute to one-hour rechargeable battery. 
9. Include an eight-to-twelve-hour rechargeable battery.
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Table 4 (continued)
C-05 NURSE-MAINTAINED IN A DUSTY 
ENVIRONMENT

Mode: Maintenance User: HCP & Attendant

Features
1. Eliminate the cabinet filter. 
2. Locate the air inlet away from ground. 
3. Put air inlet in a more visible / accessible location. 
4. Incorporate reusable cabinet filters cleanable without water. 
5. Provide more cabinet filters with concentrator purchase. 
6. Integrate a cabinet filter storage feature. 
7. Use off-the-shelf cabinet filters. 
8. Agree on a universal cabinet filter. 

Labelling
9. Use graphics or form factor to show the cabinet filter is the nurse’s responsibility. 
10. Label cabinet filter change frequency. 
11. Add a reminder for cabinet filter change/cleaning. 
12. Label filters with the brand and model number. 
13. Add a warning label against wet cabinet filters.

C-06 PROMPT BME(T) INTERNAL FILTER CHANGES Mode: Maintenance User: BME(T)

Features
1. Eliminate the need to replace system filters. 
2. Make filters easy to access. 
3. Use off-the-shelf system filters. 
4. Agree on universal system filters. 

Labelling 
5. Label filter check frequency on concentrator. 
6. Display a system filter change message on concentrator.

C-07 MALFUNCTION-SPECIFIC INFORMATION FOR 
REPAIR  

Mode: Repair User: BME(T)

Labelling
1. Provide a display or indicators to pinpoint specific malfunctions. 
2. Add a numerical display for oxygen concentration. 
3. Attach the top five troubleshooting steps to the concentrator. 
4. Provide a service manual with every device.

Training
5. Launch free, online video training. 
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Table 4 (continued)
C-08 EASY TO REPAIR PARTS WITH BASIC TOOLS Mode: Repair User: BME(T)

Features
1. Design the device to be repairable with standard tools. 
2. Incorporate locally-available, universal parts. 
3. Incorporate locally-available, off-the-shelf parts. 
4. Incorporate parts replaceable without soldering. 
5. Make the cabinet easy to open. 
6. Design the component layout for easy access to frequently replaced parts. 
7. Enclose the compressor in only one cabinet. 

Labelling
8. Add multilingual labels on parts. 
9. Provide a pictorial service manual. 

Additional Requested Features
10. Use refillable sieve beds.

Table 5: Opportunities and ideas to improve the design of flow splitters for use in LMICs

F-01 CONVEY FLOW IN = FLOW OUT Mode: Use User: HCP

Labelling
1. Use form and graphics to show flow in = flow out. 
2. Label flow in = flow out. 
3. Add a warning label to put the humidifier downstream. 
4. Add a warning label to use bacteria filter. 
5. Attach quick start guide to the flow splitter.
6. Attach top troubleshooting steps to the flow splitter. 

Table 6: Opportunities and ideas to improve the design of bubble humidifier bottles for use in LMICs

H-01 HARD-TO-USE-WRONG HUMIDIFIER BOTTLE Mode: Use User: HCP

Features
1. Design a bottle that is easy to attach to a threaded outlet. 
2. Include thread & tube connection. 
3. Create a leak resistant bottle top connection. 
4. Use right-handed threads. 

Labelling
5. Label safety valve pressure. 
6. Label compatible concentrator flow ranges. 
7. Label humidifier safety valve as an alarm.
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Table 6 (continued)
H-02 FROM SEMI-DISPOSABLE TO A REUSABLE Mode: Use User: HCP

Features
1. Select a stronger material for the cap including the inlet and the outlet. 
2. Engage in mechanical design to strengthen the cap, inlet, and outlet. 
3. Select a chemical resistant material.

Labelling
4. List compatible chemicals on the label.

H-03 PROMPT TO CHANGE WATER AND DISINFECT Mode: Maintenance User: Nurse & Attendant

Features
1. Make an easy access concentrator outlet. 

Labelling
2. Add a label to disinfect between patients. 
3. Add a label to change water between patients. 

During the evaluation, we observed that oxygen 
concentrators were used at all levels from primary 
care to tertiary hospitals. Concentrators were very 
frequently used in the paediatric and neonatal 
departments with patients who require lower flow 
rates. Concentrators were also commonly found 
in departments serving adults including maternity, 
emergency, general, cardiology, and patient 
observation rooms. 

We found many of the same challenges in using 
oxygen concentrators in both Nigeria and Kenya. 
These challenges were also found at all levels of 
healthcare facilities. These challenges drove many 
of the findings and guidance in this document. 

 z Use by healthcare workers instead of home 
users

 z Use by multiple patients instead of a single 
patient for years

 z Low staff to patient ratio
 z Lack of access to distilled water
 z Many device brands and models to manage at a 

single facility
 z Reuse of disposables 
 z A variety of cleaning and disinfectant 

chemicals some of which are incompatible 
with or ineffective with concentrators and their 
accessories

 z Limited maintenance and repair staff
 z Erratic maintenance routines
 z Lack of necessary diagnostic and repair tools
 z High particulate environments
 z Environments with uneven flooring and stairs
 z Warm indoor temperatures due to lack of air 

conditioning
 z Intermittent and fluctuating power

These same phenomena are found in many under-
resourced healthcare facilities worldwide. For this 
reason, we believe many of the suggestions in this 
document would also improve the device’s safe and 
effective use in many other low and middle-income 
countries.

The information provided in this document should 
be viewed as a starting point. Manufacturers will 
ultimately know if their user interface designs are 
usable by putting their concepts in front of intended 
users in intended use environments in the markets 
they are serving. 



37

Design for Oxygen Concentrator Usability in Under-Resourced Healthcare Settings V.1.0

Current Perceptions

As the primary users, both nurses and BME(T)s in Kenya and Nigeria have seen the advantages to oxygen 
concentrator technology in multiple levels of health facility and look forward to devices that work even better 
in their contexts.

BME(T) Perceptions

Figure 16: A concentrator attached to a flow splitter to 
serve five paediatric patients at a secondary hospital in 
Ibadan, Oyo State, Nigeria.

From BME(T)s in Kenya and Nigeria, we heard the 
following benefits:

Easy to use
Technicians believe that concentrators are easier 
to use for nurses than cylinders. This is because 
concentrators do not normally require BMET’s 
assistance (installation of oxygen regulators and 
gauges) to set up and use for patients.

Stress-free
BMETs also believe that oxygen concentrators 
eliminate most risks associated with the use of 
cylinder oxygen. These include accidents, leaky 
cylinders, complications in connecting regulators 
and stress of offsite refilling of cylinders.

Brightens one’s knowledge
Many BMETs have been exposed to more 
training due to increased availability of oxygen 
concentrators in LMICs as a result of greater 
investment by the government, NGOs and 
development agencies. There is therefore a 
perception that concentrators brighten BMETs’ 
knowledge. As a result of these capacity building 
activities, some individuals initially employed 
in other roles (like maintenance officers) were 
converted to BMETs.

Helper
Similar to nurses, many BMETs think the oxygen 
concentrator is a ‘helper’. This is because they 
are easy to maintain and do not require as much 
servicing and stress like oxygen cylinders.

“[The] oxygen concentrator has 
really helped. The stress of lifting 
cylinders, the risk of going to fill 
it, accidents, the stress [that], 
even if you’re tired, they call 
you to get the cylinder filled 

somewhere. But the oxygen concentrator is 
stress free, and has been a helper to biomedical 
engineers, it’s just good” 
BME(T) , Secondary Hospital
Ibadan, Oyo State, Nigeria
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Nurses Perceptions

Figure 15: Concentrator safely kept in a locked cage to 
avoid theft at a secondary hospital in Ibadan, Oyo State, 
Nigeria. 

From nurses in Kenya and Nigeria, we heard the 
following benefits:

Availability
For nurses in both Kenya and Nigeria, concentrators 
are perceived to be more readily available (when 
needed) than cylinders. According to them, as 
long as power is available, a concentrator keeps 
producing oxygen

Cost effectiveness
From healthcare providers’ perspective, 
concentrator oxygen is more affordable for patients. 
Cylinder oxygen on the other hand is considered 
more expensive and patients or facilities may 
struggle to keep up with the cost.

As a ‘saviour’ of lives
For babies in critical need of oxygen, nurses regard 
the concentrator as a ‘saviour’. In most secondary 
and tertiary level facilities, it takes some time to 
secure/purchase cylinder oxygen by patients’ 
relatives or caregivers due to the logistics involved. 
In emergency situations, oxygen concentrators 
serve as an efficient alternative source of oxygen 
therapy for patients in need. Hence, it is considered 
a ‘saviour’ as many patients would die without it.

Portability and mobility
According to the nurses, most concentrators are 
lightweight and can be easily moved to serve 
patients on different beds in the same or different 
wards because they have wheels. In contrast, full 
cylinders are heavier and more difficult to move. In 
some settings in Nigeria, nurses require the services 
of technicians or other non-clinical assistants to 
move cylinders.

Easy to set up
Concentrators are considered as ‘ready to use’ 
compared to cylinders that require appropriate 
gauge and regulator which are not readily available 
many times.

“Last week, for a preterm baby with difficulty in 
breathing. There were no cylinders, so we used 
a concentrator. [..] The baby stayed here for few 
hours before referral to [a higher-level facility] 
using the cylinder in the ambulance.”
Nurse KY_003_N, Level 4 Health Centre
Nairobi, Kenya

“This particular patient had been on oxygen 
going on a week, exhausting like five cylinders. 
Before the fifth one, the relatives started 
complaining about the expenses; that they can’t 
afford the amount anymore. We were able to get 
about 93% saturation on oxygen and 90% with 
room air. We weaned her off oxygen via cylinder 
and commenced the oxygen concentrator 
since the saturation was now 93 to 94%. We 
commenced the oxygen concentrator, since it is 
not as expensive as administration via oxygen 
cylinder.”
Nurse 005, Tertiary Hospital
Idi - Aba, Ogun State, Nigeria

“I will call the oxygen concentrator 
a saviour, honestly, it’s like a 
saviour because if you compare 
the usage to that of the cylinder, 
it is very very cost effective. The 

cylinder now is in the high side to maintain, and 
if [you] don’t have a standby cylinder to replace 
empty one with, when it got finished, one is in 
trouble.” 
Nurse , Secondary Hospital
Ibadan, Oyo State, Nigeria
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Device Users

Part of the usability engineering process for medical 
devices as described in IEC 62366-1:2015 and FDA 
Human Factors Guidance 2016 is to identify the 
intended uses of the device and the important 
characteristics of device users that can influence 
usability. Oxygen concentrators were originally 
designed for use by lay people at home. Use in 
under-resourced healthcare facilities poses different 
challenges.

Home Use Setting
Intended use: a single person on long-term oxygen; 
not life-sustaining.

LMIC Healthcare Setting (Primary to Tertiary)
Intended use: multiple people on oxygen for hours 
or days; may be life-sustaining.

Important characteristics of users that may affect 
usability include (Food and Drug Administration, 
2022):

 z Physical size, strength, and stamina,
 z Physical dexterity, flexibility, and coordination,
 z Sensory abilities (i.e., vision, hearing, tactile 

sensitivity),
 z Cognitive abilities, including memory,
 z Literacy and language skills,
 z General health status,
 z Mental and emotional state,
 z General knowledge of similar types of devices,
 z Knowledge of and experience with the 

particular device,
 z Ability to learn and adapt to a new device, and
 z Willingness and motivation to learn to use a 

new device.

Table 7 compares the abilities of a home and 
healthcare users for tasks of use and weekly 
maintenance. Use and maintenance activities 
include setting up the concentrator to provide 
oxygen, changing the humidifier bottle water, 
disinfecting the humidifier bottle and concentrator, 
and changing / cleaning the cabinet filter.

Table 7: Use and weekly maintenance: comparison between home and LMIC healthcare facility concentrator users.

Home User in US / EU Healthcare Facility User in LMIC

Patient or a companion. Healthcare professionals, primarily 
nurses

Abilities The patient or companion may have poor 
eyesight, dexterity, and memory loss. 
They may also be suffering from health 
conditions that affect their ability to 
operate the device.

Clinical users generally have corrected 
vision, good dexterity, and good memory.

Education Users could have a variety of educational 
backgrounds and literacy including no high 
school education. 

In Nigeria, nurses have at least three years 
post graduate nursing specific training. In 
Kenya, nurses will have at least two and a 
half years of training to get their certificate. 
The literacy and educational level may be 
higher than the home users for which the 
device is designed.
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Table 7 (continued)
Home User in US / EU Healthcare Facility User in LMIC

Patient or a companion. Healthcare professionals, primarily 
nurses

Device 
Training

All patients are provided in-person training 
in the use of the device and services to 
install it in their home. They typically have 
one brand of device to use, or possibly 
two if they also have a portable oxygen 
concentrator.

There are a variety of concentrator brands 
and models at any given facility with 
differing control panels and indicators 
that must be learned by nurses. Facilities 
often receive medical devices without any 
accompanying training in the use of the 
device. In many locations, nurses have 
never used an oxygen concentrator and 
are unfamiliar with how the technology 
works in general. Nurses may transfer 
between facilities where there are 
other unfamiliar brands and models of 
concentrator to learn.

Ergonomics The patient is often the operator and may 
operate the device from a seated position.

The clinical user is usually standing when 
engaging with the control panel, tubing, 
humidifier bottle, and cabinet filter.

Mental and 
Emotional 
State

Generally, the mental state will be calm 
during device use. If there is a device 
malfunction leading to lower oxygen, the 
patient may be in a panicked state when 
trying to troubleshoot. This would only 
happen very occasionally.

Oxygen is frequently provided during an 
emergency where time is of the essence. 
Nurses must quickly set up the device 
under pressure in these instances.
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Table 8 compares the abilities of technician users who service home care and healthcare environments 
for repair and intermittent maintenance. Example maintenance tasks include changing the bacteria and 
compressor inlet filters. Example repair activities include running diagnostics and replacing broken internal 
parts.

Table 8: Repair and maintenance: comparison between home care and LMIC healthcare facility concentrator 
maintenance and repair users

Home Care User in US / EU Healthcare Facility User in LMIC

Durable Medical Equipment Technicians 
(DMET) 

Biomedical Engineering Technicians (BMET) 
or Medical Engineering Technologist (MET)

Provider 
Availability

Typically, there is a service provider on call to 
fix any issues that arise. 

Most facilities do not have dedicated BMET 
staff. There may be no service provider 
or only very busy service providers to 
repair concentrators. In Nigeria, the lack 
of sufficient numbers of BMET to meet the 
need has been called a state of emergency 
(Bamigboye & Bello, 2021). In Kenya, there is 
an estimated less than 10% of the required 
number of trained technicians to serve the 
public healthcare infrastructure (Okeyo, 
2020). 

Education Technicians with a high school background 
will receive on-the-job training from more 
experienced technicians or supervisors with 
a biomedical engineering degree.

In Nigeria, BMET have at least a diploma 
which is two years of post-secondary 
education, or may have a four-year 
bachelor’s degree. In public hospitals in 
Kenya, ten BME have a bachelor’s degree 
nationwide, 140 have an MET diploma 
requiring three years, and 270 have a 
certificate requiring two years of less 
technical work (Okeyo, 2020).  

Device 
Training

Typically receives device-specific training 
from the manufacturer or from the service 
company in order to work with the devices. 

May have never received training in 
the repair and maintenance of oxygen 
concentrators during certificate or diploma. 
May never receive training related to new 
devices when they arrive at the facility.

Resources The service provider has all the tools needed 
to diagnose an issue and repair including 
pressure gauges, oxygen analyser, specific 
size Allen wrenches and socket wrenches, 
manufacturer-specific diagnostic devices, 
and manufacturer-supplied spare parts. 

Typically, no oxygen analyser, no pressure 
gauges, no Allen or socket wrenches, and 
few parts locally available to purchase for 
replacement. Budget cuts lead to lack of 
materials. Even when a budget is available, 
sometimes manufacturers will not respond 
to purchase requests, will not ship parts to 
that geography, or shipment is extremely 
expensive or time consuming.
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Device Use Environment

Another standard part of the usability engineering 
process for medical devices as described in IEC 
62366-1:2015 and FDA Human Factors Guidance 
(2016) is to describe the aspects of the use 
environment that may influence usability. Important 
elements of the environment include, but are not 
limited to, lighting level, noise level, presence of 
similar devices leading to confusion, and space 
constraints (Food and Drug Administration, 2022).

Traditionally, stationary oxygen concentrators have 
been designed primarily for long-term oxygen 
therapy in the home which can include use in 
various rooms of the home or office. They might

also be transported in a vehicle, but are traditionally 
not able to be powered or operated in the vehicle.

In healthcare facilities in low and middle-income 
countries, stationary concentrators may be used 
in almost any department. They are especially 
popular in paediatric and neonatal units due 
to lower flow requirements of these patients 
which can be satisfied by the flow capacity of 
concentrators. We also discovered concentrators 
used in the emergency department, adult male and 
female wards, cardiology department, maternity 
department, and observation rooms. Table 9 
provides a comparison between home and LMIC 
healthcare facility use environments. 

Table 9: Comparison between home and LMIC healthcare facility use environments.

Home Care User in US / EU Healthcare Facility User in LMIC

Space Bedside, kitchen, living room, office. 
The spaces are sometimes constrained 
depending on the home. There is plenty 
of time for the operator to make space 
for the equipment because it is not 
used in an emergency.

Patients are typically in shared ward rooms with 
many patients and patient family members. 
Multiple pieces of medical equipment must fit 
at the bedside. Space is very constrained, and 
there is often little time to make space as the 
concentrator is relocated to the bedside during 
an emergency.
See figures in the Constrained Spaces section below 
for examples.

Flooring Service providers will typically help 
to initially locate the device in a 
convenient location for the patient. If 
oxygen is used during day and night, 
the patient or a caregiver must relocate 
the device accordingly. This may include 
rolling over carpet, wood, or tile floors, 
carrying up and down stairs, and 
hoisting in and out of vehicles.

It is common to need to rapidly relocate a 
concentrator to the bedside of a new patient who 
is in urgent need of oxygen. If the concentrator 
is dedicated to a specific department, it is rolled 
across the floor within a single room or from the 
hallway into the room along floors that may have 
bumps or a stoop.
In some cases, concentrators are moved between 
departments or to a maintenance room. In most 
cases this entails rolling a concentrator over 
rough tile or pavement and sometimes dirt floors 
between buildings. In addition, this can mean 
carrying up and down stairs.
See figures in the flooring section below for 
examples. 
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Table 9 (continued)
Home Care User in US / EU Healthcare Facility User in LMIC

Lighting Ambient lighting can range from 
bright sun to dark night in a bedroom. 
Operators must be able to identify 
alarms in the dark. They then turn on a 
light to operate the device.

Ambient lighting can range from bright sun 
to lack of lighting at night during a power 
interruption with generator backup power. 
Operators must be able to identify alarms in the 
dark; supplementary lighting such as a mobile 
phone light may be used to operate the device 
in darkness.

Noise The device operator is the patient. 
They are next to the device during its 
operation and can therefore hear any 
device alarm. 

Nurses may be located far away from the 
device during a device alarm in a noisy room 
with many alarms. There is rarely a centralized 
nurse’s station alarm system. 

Temp & 
Humidity

Typically used in temperate climates or 
temperature-controlled buildings. 

Wide range of temperatures and humidity due 
to lack of HVAC in many locations. 

Particulates May include dust, particulates, and 
pests. Sources include open windows, 
pets, cooking aerosols and more. 

May include dust, particulates, and pests. Some 
geographies have a very high level of dust. 
Rodents can be present and can chew holes in 
internal parts of the device.
See figures in the High Particulates section for 
examples.

Service & 
Maintenance 
Availability

Typically, there is a service provider 
on call to fix any issues that arise. 
The service provider has all the tools 
needed to diagnose an issue and repair 
including pressure gauges, oxygen 
analyser, special sized Allen wrenches 
and socket wrenches, manufacturer-
specific diagnostic devices, and 
manufacturer-supplied spare parts.  

There may be no service provider or only very 
busy service providers to repair the device, 
typically no oxygen analyser, no pressure 
gauges, no Allen or socket wrenches, and 
no parts locally available to purchase for 
replacement. When budget is available, 
sometimes manufacturers will not respond to 
purchase requests, will not ship parts to that 
geography, or shipment is extremely expensive 
or time consuming.

Infection Risk Use by a single user in a home 
environment. Distilled water is typically 
available for humidifier bottles. If 
tap water is used, it is typically not 
contaminated at a level that poses a 
health risk. Use of a humidifier may 
increase infection risk compared to 
not using concentrators if water is 
not changed and the bottle is not 
disinfected regularly. 

Use in a healthcare environment includes a 
risk of healthcare-acquired infection. There 
is also a higher likelihood of device use by 
people with contagious respiratory infections 
with risk of cross contamination due to use by 
multiple patients over time. In addition, use of 
a humidifier increases infection risk further if 
a contaminated water source is used (sterile 
or distilled water often unavailable), or when 
the water is not changed and the bottle is not 
disinfected regularly.
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Constrained Spaces

We visited facilities of multiple different levels from primary care health centres to tertiary hospitals. We 
also visited many different departments including neonatal, paediatric, maternity, adult, and emergency. 
One commonality among all departments and all levels of facility is that there is not much spare space for 
equipment such as oxygen concentrators as shown in Figure 17, Figure 18, Figure 19, and Figure 20. Though 
ward rooms were sometimes larger at tertiary hospitals than primary care facilities, they were filled with 
many more beds to serve many more patients in a single room. 

(Left) Figure 17: A concentrator in-use between beds in the paediatric department of a Level 5 hospital in Nairobi, Kenya.
(Right) Figure 18: Multiple beds with small spacing between them at the paediatric department of a secondary hospital in 
Dutse, Jigawa State.

(Left) Figure 19: Multiple cribs with small spacing between them at the neonatal department at a secondary children’s 
hospital in Ibadan, Oyo State, Nigeria.
(Right) Figure 20: Small spaces in a patient observation room at a secondary hospital in Lagos, Nigeria.
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Uneven Flooring

It is common to need to rapidly relocate a concentrator to the bedside of a new patient who is in urgent need 
of oxygen. Most concentrators were primarily dedicated to one particular department. In these cases, the 
concentrator is rolled across the floor within a single room or from the hallway into the room along floors 
that may have bumps or a stoop as seen in Figure 21 and Figure 22.

(Left) Figure 21: Worn, uneven tile at a secondary hospital in Lagos, Nigeria.
(RIght) Figure 22: A raised metal door threshold at a secondary hospital in Dutse, Jigawa State, Nigeria.

Many hallways are in outdoor spaces which lead to greater wear and tear on the flooring and more rugged 
flooring materials which do not provide a smooth surface as in Figure 23.

Figure 23: Floor in outdoor covered hallways at a Level 4 
health centre in Nairobi, Kenya.
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In some cases, concentrators are moved between departments or to a maintenance room. In many cases this 
means carrying the concentrator up and down stairs as in Figure 24 and Figure 25.

(Left) Figure 24: Staircases between departments at a secondary hospital in Ibadan, Oyo State, Nigeria.
(Right) Figure 25: A partial staircase between departments at a secondary hospital in Ibadan, Oyo State, Nigeria.

In other cases, relocating the concentrator 
to another department may entail rolling the 
concentrator over dirty floors between buildings 
as in Figure 26. 

Figure 26: Departments located in different buildings 
connected by walkways and dirty paths at a tertiary 
hospital in Dutse, Jigawa State, Nigeria.
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High Particulate Levels

Many facilities are located in areas with dirt roads and a high level of dust in the air. In departments without 
HVAC, windows are opened leading to a high level of dust in the buildings, coating devices, and potentially 
clogging concentrator inlet filters and inlet into the compressor. The dust may accumulate more quickly than 
in many home environments as shown in Figure 27 and Figure 28

Figure 27: The dusty external hospital environment 
common at many hospitals in LMICs.

Figure 28: The dusty external hospital 
environment leads to a dusty 
concentrator at a secondary hospital in 
Lantoro, Ogun State, Nigeria.
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Opportunities — Concentrator

C-01 INTUITIVE DUAL FLOW CONTROL

Opportunity: To provide intuitive dual flow control to avoid exceeding concentrator flow 
capacity.

Background
There are multiple brands and models of dual flow concentrators currently on the market. 
These devices enable setting two different flow rates for two different patients as long as the 
combined flow rate settings do not exceed the total flow rate capacity of the concentrator. We 
included two dual flow devices in our evaluation as shown in Figure 29.

Figure 29: Dual flow concentrators used in scenarios 8N and 8B. The Longfian Jay-10 (left) was used with 
all participants in Kenya, and the Canta V8-WN-NS (right) was used with all participants in Nigeria. 

Research Findings
Seven of fifteen nurses in Nigeria and three of eleven nurses in Kenya mentioned serving 
multiple patients with a single oxygen concentrator as one of their top five features. One of 
the reasons is due to budget; serving multiple patients derives more value out of a single 
medical device. Another reason is due to space constraints; there is little room for equipment 
between patient beds in shared wards at any level of healthcare facility.

In simulated use scenario 8N / 8B, many nurses set the flow beyond capacity and many nurses 
and BME(T) didn’t understand why the device was alarming or why it was unable to deliver the 
flow rate requested by the scenario. During simulated use scenarios with these concentrators, 
we asked the nurses to add a second patient at 3 LPM to the concentrator which was already 
providing 8 LPM to one patient. For BME(T)s, we asked them to troubleshoot a situation where 
the nurse had attempted to set one patient at 8 LPM and a second patient at 3 LPM. In both 
scenarios, the total requested flow was 11 LPM which exceeded the capacity of the Longfian 
Jay-10 (10 L) used in Kenya and the Canta V8-WN-NS. As shown in Figure 60, Appendix B, only 
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seven out of fifteen nurses and three out of eleven 
BME(T)s successfully resolved the scenario with the 
Canta V8-WN-NS dual flow device. Only three out of 
eleven nurses and two out of six BME(T)s resolved 
the scenario with the Longfian Jay-10 device.

Moderator Observations
 z Dual flow naïve users are comfortable using 

dual flow devices - A number of nurse and 
BME(T)s participants had never used a dual 
flow concentrator before their participation 
in the evaluation. Participants generally felt 
comfortable trying to use the dual flow devices 
without training because the Thorpe tube 
flow controllers were familiar and the idea of 
two flow outlets with two flow controllers was 
intuitive.

 z Allowing the flow controllers to exceed 
total flow capacity is not intuitive - Based 
on participant comments and moderator 
observations, participants expected that the 
manufacturer would not design a device with 
controllers that would allow a user to exceed 
total flow capacity. This was true even of 
participants who had past experience with dual 
flow devices.

 z Unclear total flow capacity - Participants 
typically refer to the flow controllers to 
determine the total flow capacity of the device, 
so their working assumption was that the 
device could provide enough flow to allow them 
to max out both controllers. Participants did 
not show awareness that numbers included 
in the brand name such as “Jay-10” or “V8-NS-
NW”, or other markings on the device, referred 
to total concentrator capacity of 10L and 8L 
respectively.

 z Generic alarms did not help in 
troubleshooting - The low oxygen purity 
alarm light or general malfunction light 
brought attention to the fact that something 
was wrong. However, these alarms were not 
specific enough to enable most nurse or BME(T) 
participants to pinpoint that exceeding the 
maximum flow capacity as the source of the 
malfunction.
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Ideas for Future Design: C-01 Intuitive Dual Flow Control

Features 
1. Make exceeding capacity impossible. Two 

example approaches:
 a. Select flow controllers such that max all 

controllers = max capacity. Only include 
flow controllers that cannot exceed total 
concentrator capacity when all are set to 
maximum flow rate. For example, include 
two 5 LPM max flow controllers for a 10 LPM 
max capacity concentrator. Some dual flow 
concentrators on the market already follow 
this principle.

 b. Smart flow control. Alternatively, 
incorporate smart electronics or other 
methods that prohibit the user from choosing 
a cumulative setting that is too high. For 
example, numeral interfaces to input required 
litres of oxygen per minute for each patient 
such that the device can limit total flow setting 
electronically.

2.	 Prevent	excess	flow	through	internal	
features. Include internal features such as 
an orifice to prohibit the concentrator from 
providing too high flow if the user sets the flow 
controllers too high. Though the user could still 
choose a setting that is too high and may not 
know how to correct it, it would limit the flow 
such that flow never exceeds the maximum flow 
markings on the device. Some concentrators on 
the market already include this feature.

3.	 Provide	adjustable	flow	control	for	all	
outlets. No outlet should come without 
adjustable flow control. When no other 
oxygen sources are available, healthcare staff 
are tempted to use fixed flow rate outlets 
even if they provide patients with a flow 
rate that is higher or lower than physician 
recommendation.

Labelling 
4.	 Provide	a	dedicated	indicator	when	flow	

capacity is exceeded. Integrate a dedicated, 
separate visual indicator light or display 
message to show when the combined setting is 
too high. This indicator should not be used to 
indicate other types of malfunctions. 

5.	 Clearly	label	total	flow	capacity. Clearly label 
the concentrator with the total flow capacity 
with large, legible graphics placed where the 
user is likely to see it. Multiple label concepts 
should be tested with all intended users before 
finalising. See aftermarket label examples in 
Figure 30.

6.	 Provide	a	warning	label	to	not	exceed	flow	
capacity. Provide labelling to guide users not 
to exceed total flow. Multiple label concepts 
should be tested with all intended users before 
finalising. See aftermarket label examples in 
Figure 30.

Additional Requested Features
7. Provide more than two oxygen outlets. 

Participants mentioned wanting to serve three 
to six patients with one concentrator. However, 
this can also be accomplished affordably with a 
flow splitter. Cost / value should be considered 
carefully before proceeding.

8. Provide 10 LPM and higher capacity to 
serve more patients. Three nurses in Nigeria 
requested a twenty LPM capacity concentrator 
amongst their top five features. The hope was 
to serve more than two adult patients with a 
single device. However, the cost and capacity 
trade-off likely leads to five, eight, and ten LPM 
concentrators providing the best value for 
money.

Figure 30: Examples of labels added to concentrators to clarify the maximum concentrator flow rate capacity. Note: 
these specific labels may not have undergone any usability analysis.
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Figure 31: Concentrators used in simulated use scenarios and their displays.

C-02 DISPLAY AND LABELLING FOR NURSES

Opportunity: Redesign the concentrator display and 
labelling to build nurse confidence in use and basic 
troubleshooting.

Background
Stationary oxygen concentrators were originally 
designed for use in the home by a patient who may 
sit next to the device during its use. This patient 
is typically supported by on-call service providers 
who can respond when there is a malfunction. 
The control panels of these devices are designed 
such that there are very few alarms or display 
information in order to discourage home users 
from trying to fix the device themselves. The display 
is designed to encourage the user to call the service 
provider for assistance when there is any type of 
malfunction.

In healthcare facilities in LMICs, nurses and other 
healthcare professionals are the primary operators 
of the concentrator. Instead of operating it from 

a seated position like a patient, they are usually 
standing. Unlike patients in the home setting, they 
will not necessarily be near the device when an 
alarm occurs. In addition, there are many healthcare 
facilities that do not have dedicated BME(T) staff. 
Nurses must often wait multiple days, weeks, or 
even months to get troubleshooting assistance.

Research Findings
We asked nurse participants to engage in several 
simulated use scenarios with the four concentrators 
shown in Figure 31.

In one scenario, participants performed all of the 
steps to set up a concentrator to provide therapy. 
As part of the scenario, nurse participants were 
asked to describe the meaning of the indicator 
light on the AirSep NewLife Intensity 10 (Kenya) 
and Canta V8-WN-NS (Nigeria). The majority of 
participants could not describe what these indicator 
lights meant as shown in Figure 61, Appendix B. 

AirSep NewLife Intensity 10

Nidek Nuvo 10

Longfian Jay-10, Dual flow

Canta V8-WN-NS, Dual Flow

Figure 8: The four concentrators used in simulated use scenarios and their control panels. 

CC BY-SA 4.0 Center for Public Health and Development and Oxygen for Life Initiative



53

Design for Oxygen Concentrator Usability in Under-Resourced Healthcare Settings V.1.0

Typical responses to interpreting the indicator lights 
included:

Canta V8–WN–NS: 

AirSep NewLife Intensity 10: 

Also, as part of scenario 1N, nurse participants 
were also asked to describe how they knew the 
device was ready to use. The majority of nurses 
said it is ready when the gas is flowing which is 
demonstrated by a variety of signs including the 
flow meter ball not at zero, a bubbling humidifier 
bottle, or bubbles coming out of the nasal cannula 
when dipped in water. As shown in Figure 61, 
Appendix B, only two of fifteen nurses in Nigeria 
and four of eleven nurses in Kenya demonstrated 
that they were aware it takes several minutes 
for oxygen concentrators to reach 83% volume 
fraction oxygen purity required by the ISO 80601–
2–69:2020 oxygen concentrator standard. Most 
oxygen concentrators alarm during the low purity 
warm–up period as required by the international 
standard when the low oxygen purity time during 
warm–up lasts longer than 120 seconds (ISO 
80601–2–69:2020). Given the lack of knowledge that 
this is a normal low purity oxygen warm–up period, 
this alarming contributes to the impression that 
concentrators provide low grade, ineffective oxygen 
compared to cylinder oxygen.

In three additional scenarios, participants were 
asked to troubleshoot common situations identified 
by Oxygen for Life Initiative and the Center for 
Public Health and Development. Most nurses 
were able to identify and correct the unplugged 
concentrator in scenario 3N which was also a 
simulation of power interruption. Troubleshooting 
power issues was perhaps more common for 
nurses than other types of troubleshooting. On the 
other hand, most nurses were not able to identify 

and resolve scenarios 2N or 7N as shown in Figure 
62, Appendix B. In 2N, a clip was placed to pinch 
the nasal cannula leading to humidifier bottle valve 
pressure release. In scenario 7N, there was a leak 
between the humidifier bottle top and bottom 
leading to lower flow to the patient. 

During both scenario 2N and 7N, many nurse 
participants did not make a significant effort to 
troubleshoot, instead defaulting to asking for help 
from the BMET. This is the expected behaviour 
given the way the control panel is designed for 
home use, prompting home users to call the service 
centre any time there is a system fault. 

An improved instructions for use may make a 
modest improvement in the nurse’s ability to 
troubleshoot. In many instances, instructions for 
use are not readily available. In some cases, they 
were reported missing, in other cases they were 
kept in a locked area that is not easily accessible. 
Knowledge of where to find the instructions for use 
was not evenly distributed. For example, at a Level 4 
health centre, one nurse said the instruction guides 
are not easy to get, while another nurse from the 
same facility said the manuals are always available.

However, even when available, it was still 
uncommon for nurses to refer to the provided 
instructions for use during simulated use scenarios 
or in their normal use. Out of twenty–six nurses 
and eleven BME(T)s, only one BME(T) participant 
referred to the instructions for use during scenario 
1 to set up the device. Only one nurse and one 
BME(T) referred to the instructions for use during 
scenario 8N with the Longfian Jay 10 dual flow 
concentrator, even though none of the participants 
had used a Longfian concentrator before and nearly 
all of them triggered a device alarm that they could 
not resolve. This mirrors findings from a survey of 
fifty healthcare professionals in the U.S.; only twelve 
reported referencing the instructions while using a 
medical device for the first time, and only six used it 
during troubleshooting (Cherne et al., 2020). 

Our participants described some of the challenges 
in referencing the instructions for use during 
device operation. These included slowing down 
the process of initiating oxygen therapy in an 
emergency in order to locate the instructions for 
use and then read them; the awkward logistics of 
referring to a free–floating paper manual while 

“This (leftmost light) is the oxygen alarm light, 
I’m not familiar with other ones”
Nurse 007, Secondary Hospital
Ibadan, Oyo State, Nigeria

“I don’t know the meaning of the indicator light.”
Nurse ML_003_N, Level 5 Hospital
Nairobi, Kenya
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trying to set up the device; and the general view 
that the instructions for use are not for use while 
operating a medical device. 

During scenarios, moderators also observed the 
following:

 z Parallax reading error leads to low settings 
in low–positioned Thorpe tubes – Nurse 
KY_005_N adjusted the flow to 2.5LPM instead 
of 3LPM on Canta V8–WN–NS in scenario 1N 
due to parallax error. From a standing position, 
the ball inside the flow controller appears 
to be aligned with a line higher than if it was 
viewed at the intended perpendicular location 
designed for seated patients as shown in 
Figure 32. This is a well–documented, historical 
medical device user interface error (American 
National Standards Institute, 2018). In a clinical 
sense, the goal is to maintain patient SpO2 
within a designated acceptable range. There is 
no standard set of flow rates that will produce 
the target range of SpO2 in all adults, paediatric 
patients, or neonates. The flow rate must be 
customized to the patient based on their age, 
clinical factors, and the patient’s response over 
time. So, ultimately errors in setting at target 
flow rate are only consequential if it leads to 
exceeding the max flow recommended for the 
patient population. For example, exceeding two 
LPM flow in neonates.

 z Some flow meters are too low for comfort – 
Multiple nurses in Kenya complained that the 
Longfian Jay–10 flow meters were very low. This 
required them to stoop to view and control 
them as shown in Figure 33.

 z Unclear Thorpe tube knob turn direction – In 
some cases, nurses said they were not sure which 
direction to turn the Thorpe tube flow controller 
knob (especially when there was no flow).

 z Non–working oxygen outlets make 
troubleshooting difficult – In addition to the 
previous issues, we observed some use errors 
in other simulated use scenarios that involved 
troubleshooting with the AirSep NewLife 
Intensity 10L used in Kenya. This model had 
two flow controllers and two outlets integrated 
into the device, however the function of one 
of the flow controllers and outlets had been 
turned off. This was part of a distribution model 

“I prefer only to refer to the manual when there 
is an emergency because the patient can die if 
you take time to check the manual.”
Nurse ML-003_N, Level 5 Hospital

“Guides are very difficult to use in an emergency 
unless they are put on the wall.”
Nurse KY_003_N, Level 4 Health Centre

Figure 32: Depiction 
of parallax reading 
error common with 
Thorpe flow meters. 
From a higher viewing 
angle, the 3 LPM 
setting can appear to 
be 4 LPM or more.

Figure 33: A participant squats uncomfortably to interact 
with the Thorpe tube flow meters located low on the 
concentrator
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where purchasers who paid for only a single 
flow device would be given a dual flow device 
with one outlet turned off. The addition of the 
nonworking flow controller led to confusion 
during troubleshooting. For example, during 
the simulated use scenario with a pinched nasal 
cannula tube, multiple participants tried moving 
the cannula to the non–working outlet in order 
to solve the issue. Many ultimately could not 
find a solution to the obstructed flow.

 z Nurses may plug device into a power outlet 
with power switch ON. During scenario 3N, 
nurses encountered a concentrator with the 
power switch ON, but unplugged. Most nurses 
did not switch the power OFF before plugging 
in the device. With most concentrators using 
rocker switches, this poses a hazard where the 
user can electrocute themselves. 

BME(T)s want the concentrator to provide more 
useful troubleshooting information to nurses. This 
could enable nurses to resolve some of the simpler 
issues such as a pinched cannula tube without the 
involvement of busy BME(T)s.
In addition to these observed difficulties in 
understanding the display and labelling, Nurse 
participants want more information from the 
concentrator. As shown in Figure 34, nurse 
participants chose multiple features related to the 
clarity of the display and labelling amongst their top 
five most important features. 

Figure 34: Top five features related to display and labelling as reported by nurses.

“What [you] can do is design a display that can 
be understood by any medic who is going to use 
a concentrator. In case of any error, it displays 
what happens.”  
BME(T) KY_001_B, Level 4 Health Centre
Nairobi, Kenya

System fault alarm

Alarm when power interruption

Displays oxygen concentration

Alarm when oxygen concentration too low

Easy to set oxygen flow rate

Provides up to 20 LPM oxygen

Reminder indicator for cabinet filter change

High temperature alarm

Other features chosen by one participant (from either Nigeria or Kenya): Advanced warning indicator 
light before oxygen concentration too low; Alarm when device requires service; Easy to see flow rate 
setting +/- 0.25 LPM; Easy to set oxygen flow rate Low noise; Provides down to 0.125 LPM oxygen; 
Will not allow drawing more than max flow; Easy visibility of the flow meter.

0 1 2 3 4 5 6 7 8

Figure 34: Top five features related to display and labelling as reported by nurses.

N= 22 responses (15 individuals in Nigeria; 4 pairs and 3 individuals in Kenya)

Number of participants (N)

CC BY-SA 4.0 Oxygen for Life Initiative
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For example, having a concentrator high 
temperature alarm that was distinct from the 
system fault alarm. Many healthcare facilities 
in LMICs do not have air conditioning and may 
experience high temperatures compared to 
the original intended home context. Having 
a high temperature alarm separate from the 
general system fault alarm was seen as helpful 
in troubleshooting the position of the device for 
sufficient air intake and strategizing on how to use 
a suite of concentrators in a hot healthcare facility. 
Additional aspects are discussed in the Ideas for 
Future Design – section.

Figure 35 shows a typical example of the way many 
nurses sorted existing concentrator indicator 
displays based on how well they display information 
about system malfunctions. In this case, the nurse 
participant from a Level 4 health centre in Kenya 
indicated that the Longfian Jay-10 control panel 
was superior because it gave distinct information 
for different faults. The fewer distinct indicators 
provided, the lower the control panel was ranked 
for the ability to help nurses determine the system 
malfunction.

Figure 36 shows a typical example of the way many 
nurses sorted existing concentrator indicator 
displays based on how well it provided notice that 
oxygen purity is low. In this case, the nurse 

Figure 35: Concentrator indicator display cards sorted 
with the best system fault alarm information at the top 
according to a nurse participant from a Level 4 health 
centre in Kenya. 

participant from a Level 4 health centre in Kenya 
indicated that the control panel that would display 
three states (good, getting low<82%, and too low 
<75%) was superior because it gave advanced notice 
when purity was starting to dip. Displays with two 
states: good and low ranked next, and displays with 
only a single light to show low oxygen purity ranked 
last. For some of the other participants, displays 
with two lights for oxygen purity high and low were 
top preference. Displays with only one light were 
generally ranked least preferable.

“At times we used to place patients on oxygen 
for 24 hours a day. When the concentrator 
is hot, it will stop and the condition of the 
patient will deteriorate, so if you have many 
concentrators and the temperature of the one 
in use is high, once the high temperature alarm 
activates, you can easily switch to a new one. 
Some concentrators we use don’t have an alarm 
for high temperatures: they will just stop.” 
Nurse 010, Tertiary Hospital
Dutse, Jigawa State, Nigeria

“I want a high temperature alarm so that we will 
know if we are positioning [the concentrator] in 
the wrong way where there is no airflow.” 
Nurse 006, Tertiary Hospital
Idi - Aba, Ogun State, Nigeria
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Notably, there are some concentrators on the market that have not received regulatory approval. Some 
of these models have no oxygen purity alarms. In addition, there are concentrators on the market that 
produce only very brief audible and / or visual oxygen purity alarms which may not be easily noticed in a busy 
healthcare facility where healthcare professionals are not co-located with the device.

Figure 36: Concentrator indicator display cards sorted with the best oxygen purity alarm information at the top 
according to a nurse participant from a Level 4 health centre in Kenya.
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Ideas for Future Design: C-02 Display and Labelling for Nurses

Features 
1. Design to reach 83% oxygen concentration 

within 120 seconds. If the concentrator reaches 
minimum concentration within 120s, then the 
manufacturer does not need to sound the low 
purity oxygen alarm at any point during warm-up 
(ISO 80601-2-69:2020). Avoiding an alarm during 
warm-up would relieve common confusion 
that oxygen concentrators often do not work 
effectively.

2. Do not include non-working features in the 
device. The non-working flow meters described 
above confused users because all the features 
should be functional.

3.	 Use	a	flow	meter	without	parallax	errors. Use a 
flow meter technology that does not have parallax 
reading error typical of Thorpe tube flow meters 
and does not lead to confusion on whether to look 
at top, middle, or bottom of the ball. 

4.	 Mount	Thorpe	tube	flow	meters	vertically.	
Thorpe tube flow meters are calibrated in the 
vertical position (Thorpe Tube Flowmeter, 2022). 
Flow meters installed in a slanted position will not 
read flow accurately unless the manufacturer can 
show a reliable method for calibrating them in a 
slanted position.

5.	 Add	a	viewing	visor	above	Thorpe	tube	flow	
meters. Make it impossible to view the flow 
meter from a high angle, limiting the magnitude 
of parallax reading error.

6. Integrate a power switch that defaults to OFF 
when there is no power. To decrease the risk of 
electrocution when plugging in a concentrator 
that is switched ON, design the concentrator 
such that it defaults to off when there is no 
power. This may require a different type of 
power switch that can return to an OFF state 

when power is removed. 

Labelling
7. Design a nurse area of the control panel. This 

area of the control panel can clearly signify it 
is for nurses to help them in troubleshooting 
external aspects such as obstructed or leaky 
connections or insufficient air inlet due to 
concentrator position. Keep indicators for BMET 
service separate. 

8. Clearly signal the warm-up period. If the 
device cannot be designed to reliably reach 83% 
oxygen purity within 120s, then the warm-up 
should be signalled using a method that is 
distinct from other low oxygen purity alarms 
to avoid confusion on whether the device is 
working properly. One example is to include an 
informational message or indicator light that is 
only visible during warm-up in addition to the 
required low purity alarm condition. Another 
method would be a separate alarm indicator 

Addressing the Needs of Home and LMIC Healthcare Markets

The more concentrators sold, the lower the price. A concentrator design that can address both the home 
and LMIC healthcare markets would lead to the most affordable device for both markets. Manufacturers 
who decide to design for both markets should test conceptual displays and user interfaces with home 
and healthcare users to ensure any change will support safe and effective use for all intended users in all 
intended use environments. Improving the labelling and display for nurses may provide benefits and cost 
savings in the home care market as well. More informative displays and labelling may enable home users 
to better accomplish basic troubleshooting steps and maintenance with less assistance from external 
service providers. This could decrease overall oxygen service costs in the home market.

Allow concentrators to provide therapy, even 
with low purity oxygen

In addition to signalling low oxygen purity with 
alarms, concentrators could be designed to stop 
providing therapy when the oxygen purity dips 
below a threshold. This is not recommended 
because sudden cessation of oxygen therapy 
leads to potentially severe harm and even 
death for patients in healthcare facilities using 
oxygen for life-sustaining purposes. It is safer to 
continue therapy with lower purity oxygen until 
an alternative source of oxygen can be found. 
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labelled as warm-up and the device would not 
trigger the normal low oxygen purity indicators 
during this period. Any indicators and alarms 
would need to be thoroughly tested with the 
intended users to ensure they are clearly 
understood and do not cause unforeseen 
problems.

9. Provide advanced warning of low oxygen. 
Nurses did not want to be surprised by low 
oxygen purity. Many wanted advanced warning 
of the need to clean the cabinet filter and 
possibly call for service. A three-state system 
to show when purity is high (informational 
indicator), when purity is getting close to 
threshold (informational indicator), and then 
when it is below 83% (alarm), could satisfy this 
requirement. In such a system, it is important 
that the middle state “oxygen close to threshold” 
is not presented as an alarm condition so users 
feel comfortable continuing to use the device. 
This type of display could be implemented 
multiple ways. There are some concentrators on 
the market with this feature. We did not gather 
feedback on the intermediate oxygen level 
lights, so we cannot represent whether these 
implementations are usable. 

Note: Some nurse participants who requested 
more information about oxygen purity marked 
the oxygen concentration level numerical 
readout flashcard as the most preferred, and 
examples with a three-state system as second 
best. We are recommending the three-state 
system because numerical oxygen concentration 
percentage could be confused with other 
important oxygen numbers including FiO2 and 
SpO2 leading to use-related risks that have not 
been studied.

10. Provide leak and obstruction indicators 
and alarms. Nurses could use more specific 
information to troubleshoot common external 
leaks and obstructions such as leaky humidifier 
bottle, loose tube connection, or obstructed 
nasal cannula. Sensors that provide leak and 
obstruction indication would be helpful, but 
cost-benefit should be considered.

11. Provide a concentrator high temperature 
alarm. Two nurses in Nigeria chose a dedicated 

concentrator high temperature / overheating 
alarm amongst their top five most important 
features, and multiple additional nurses 
included high temperature alarm in their 
larger grouping of important features. Some 
concentrators on the market include a distinct 
high temperature alarm.

12. Consider adding high priority alarms. Most 
oxygen concentrators only have low or medium 
priority alarm conditions. We observed some 
concentrator models with alarms that were 
so brief and so quiet that it would be hard for 
many users to notice the alarm, and especially 
difficult for healthcare users who are not 
co-located with the device. Harms associated 
with hazardous conditions such as low purity 
oxygen or no oxygen are more severe in a 
healthcare facility than in the home because 
oxygen is life-sustaining for some patients in a 
healthcare facility. In addition, operators in a 
healthcare facility are often located far from the 
device and must identify the presence of alarm 
when competing with many additional pieces 
of alarming equipment. In our use-related risk 
analysis in Appendix C, we identified multiple 
use errors that could lead to harms including 
permanent disability or death. Alarms used 
to mitigate these use-related risks would be 
designated as high priority alarms, following 
IEC 60601-1-8 Ed. 2.2 en:2020, the international 
standard governing medical device alarms. 
Each manufacturer must complete their own 
use-related risk analysis to determine whether 
they need to integrate high priority alrms for the 
intended use in healthcare facilities.  
In addition, Peel et al. (2013) noted many oxygen 
concentrators, even with CE Mark, do not 
comply with aspects of international standards. 
Manufacturers should ensure all of their alarms, 
whether low, medium, or high priority, comply 
with the IEC 60601-1-8 Ed. 2.2 en:2020 standard. 
This standard applies to both the visual and 
auditory aspects of alarm systems. The standard 
specifies the frequency and volume for auditory 
alarms as well as the frequency and color for 
visual alarm indicators. In addition, it specifies 
the duration of alarm signals and when and 
how it is acceptable to silence alarms of various 
priority levels. 
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Note: Manufacturers designing concentrators 
to suit the needs of home and healthcare 
settings may want to verify that the volume 
and persistence of high priority alarms are still 
acceptable in the home setting. Alarm silencing 
functions can be incorporated following the IEC 
60601-1-8 Ed. 2.2 en:2020 standard to maintain 
safety in healthcare environments and still make 
the device acceptable to home users. 

13. Provide quick start and troubleshooting guide 
attached to the device. As described, nurses 
do not often refer to the instructions for use. 
To address their complaints regarding missing 
instructions for use and the awkwardness 
of referencing instructions while operating 
the device in an emergency, manufacturers 
could explore placing basic use steps and 
troubleshooting steps on the device or attached 
to the device (e.g., quick start guide). Basic use 
steps should be placed in an area that is easy to 
view when viewing the control panel. Potential 
technologies include zip tying a laminated 
document to the device, booklet labels, or 
pad printing. To address different regional 
languages, manufacturers could provide sticker 
labels in multiple languages to allow users to 
choose the applicable language label to apply 
during installation.

Note: ISO 80601-2-69 oxygen concentrator 
standard recommends including a connection 
for a distributed alarm system. Distributed alarm 
systems are rare at all levels of health facilities 
in low and middle-income countries. This is not 
an important feature to address LMIC healthcare 
markets as of the date of this document.

Additional Requested Features
14.	Improve	ergonomic	Thorpe	tube	flow	meter	

placement. If using Thorpe tube flow meters, 
position them so as to avoid parallax reading 
error by an operator who is standing. This will 
also improve the ergonomics. 
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C-03 IMPROVE CONCENTRATOR DURABILITY 

Opportunity: Make the concentrator more durable 
to keep it working in a rugged, multi-patient 
environment with little access to replacement parts.

Background
Existing stationary concentrators are designed to 
be placed in one location in the home and seldom 
moved. In healthcare facilities in LMICs, stationary 
concentrators are frequently rolled between patient 
beds and departments for patients who urgently 
need oxygen. Due to the increased wear in moving 
concentrators over uneven floors and up and 
down stairs, many parts on the concentrator are 
vulnerable to damage or loss. In addition, there are 
many pests present in healthcare facilities including 
rodents and insects who can damage the internals 
of the device. The facilities often do not have air 
conditioning, so temperatures may be higher 
than temperatures in the average home setting, 
especially when there is other medical equipment 
nearby.

Research Findings
Two of eleven BME(T) participants in Nigeria 
mentioned the flow meter knob amongst parts 
that break most often. The knob pops off from 
the Thorpe tube flow meter and is lost, making it 
difficult to adjust the flow of oxygen. During the 
simulated use scenarios, moderators observed 
multiple participants dragging or rolling over the 
power cord when relocating the concentrator from 
one end of the room to another. During the facility 
tour, moderators observed broken device casters 
and a broken oxygen outlet as shown in Figure 37.

In addition, we observed a concentrator in Figure 38 
modified to provide an additional means for heat 
to escape in order to maintain function in the warm 
environment of a primary health centre in Nigeria.

We also surveyed the BME(T) participants to learn 
which were the most frequently broken internal 
parts. The results are shown in Figure 39. In 
Nigeria, the internal tube manifold was top of mind. 
Exposure to rodents who could easily chew holes 
in the soft tubing material was the primary source 
of damage reported. In addition, one BME(T) from 
Nigeria mentioned solenoid valves as frequently 
broken The PCB board, plug, and fuse were each 
mentioned by one BME(T) in Kenya as well.

Figure 37: A broken concentrator outlet with an 
improvised humidifier bottle connection at a tertiary 
hospital in Dutse, Jigawa State, Nigeria. A broken 
concentrator outlet with an improvised humidifier bottle 
connection at a tertiary hospital in Dutse, Jigawa State, 
Nigeria.

Figure 38: Holes drilled into the front panel of a 
concentrator to provide additional heat venting in the hot 
environment at a primary health centre in Lagos, Nigeria. 
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In selecting their top five most important features, durability was a theme for multiple nurse and BME(T) 
participants. Durable flow meter (knob), protecting the humidifier, reusable cabinet filter, and improved heat 
exchange were all selected by at least one participant as shown in Figure 40 and Figure 41.

Figure 40: Top five features related to durability and cleaning as reported by nurses.

Figure 41: Top five features related to durability and cleaning as reported by BME(T)s. 

We also interviewed the nurse participants about the typical methods and chemicals used to clean and 
disinfect the concentrator. Eight of fifteen nurses and one community health extension worker in Nigeria 
had experience cleaning the outside of a concentrator. In Nigeria, cleaning was commonly the job of health 
attendants who were not included in the evaluation. Ten out of eleven nurses in Kenya had cleaned the 
outside of a concentrator.  The cleaning and disinfectant chemicals reported by nurses are listed in Table 10.

Figure 39: Most frequently broken internal parts as reported by BME(T)s.
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Figure 39: Most frequently broken internal parts as reported by BME(T)s.
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Figure 40: Top five features related to durability and cleaning as reported by nurses. 
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Figure 41: Top five features related to durability and cleaning as reported by BME(T)s. 
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Table 10: Common concentrator cleaning and disinfection chemicals reported by nurse participants.

Nigeria Kenya

A dry cloth A dry cloth

A wet rag with water A wet rag with water

9:1 Jik (chlorine) solution on gauze Jik (chlorine) solution on gauze

Sodium hypochlorite on a rag Sodium hypochlorite on a cloth

Swab with spirit (isopropyl alcohol) Methylated spirit (isopropyl alcohol) on a cloth

Antiseptic with gauze, cotton wool, or a rag Disinfectant (0.5% chlorine) 

Soapy water on a cloth

The findings of this evaluation are echoed in other prior studies. Testing of 57 oxygen concentrators at 
eight secondary hospitals in Nigeria revealed two (3.5%) that were ‘fit for use’ (producing >85% oxygen and 
electrically compatible) (Bakare et al., 2019). In another study, three quarters of the concentrators assessed at 
15 hospitals in Malawi (28/36) and half those assessed at nine hospitals in Mongolia (13/25) were functional 
(la Vincente, S.F., 2011). Peel et al. 2013 describes a method for evaluating oxygen concentrators to determine 
their performance in under-resourced settings. ,

Ideas for Future Design: C-03 Improve Concentrator Durability

Features 
Protect Flow Controller
1.	 Provide	firmly-fixed	flow	controller	knobs.	

Firmly fixed knobs will avoid being separated from 
the device and lost.

2.	 Recess	flow	meter	for	protection.	Providing 
a recess for the flow meter will protect it from 
damage when the concentrator is moved between 
beds or departments.

Protect Humidifier
3.	 Recess	humidifier	bottle	for	protection. 

Provide ample room to access the humidifier 
bottle for attachment and removal while 
protecting it from bumps when the concentrator 
is moved between beds or departments. Enable 
enough vertical room for the humidifier bottle to 
attach to the christmas tree adapter with a tube as 
a backup solution for a broken thread as shown 
in Figure 37. For dual flow devices, make room 
in the recess for two humidifier bottles. Some 
concentrators on the market already include this 
feature.

4.	 Include	a	strong	humidifier	bottle	holder.	
If recessing is not possible, design a strong 
humidifier bottle holder for outboard humidifier 
bottles. Participants mentioned elastic bands and 

external cup holders for humidifier bottles were 
easy to damage when moving the concentrator 
between beds or departments.

5. Make the oxygen outlet cross-thread 
resistant.  Avoid cross-threading by adding 
features such as a taper to the standard SSID 
threaded oxygen outlet. A taper can be used 
to reduce the incidence of cross-threading that 
leads to leaks and humidifier thread damage.

Protect Oxygen Outlet
6. Recess oxygen outlet. Locate the oxygen 

outlet such that it is protected from damage 
when moving the concentrator between beds or 
departments. 

7. Select durable materials for oxygen outlet. 
Ensure a long-lasting oxygen outlet by selecting 
durable materials to protect it from damage 
when moving the concentrator between beds or 
departments, or when attaching and detaching 
humidifier bottles and adapters.

Protect Concentrator From Cleaning
8. Select chemical-resistant materials for 

concentrator. Depending on the concentrator 
materials and frequency of cleanings, some of 
the chemicals frequently used in Nigeria and 
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Kenya may degrade concentrator materials 
through weakening, cracking, or otherwise 
being damaged over time. Some cleaning and 
disinfection products may react with materials 
and cause off-gassing. Manufacturers should 
consider the list of common cleaning and 
disinfection chemicals in Table 10 as part of 
their risk analysis when selecting materials.

Manage Heat
9.	 Integrate	a	stand-off	for	the	air	inlet. Design 

the oxygen concentrator cabinet so it can’t be 
put against a surface that would impede the air 
inlet. Some concentrators on the market already 
include this feature. For example, the Nidek 
Nuvo 10 is wider at the bottom than at the top, 
so the vent toward the top of the back cannot be 
placed touching a flat wall.

10. Improve the heat exchange design. Many 
healthcare facilities in LMICs do not have 
air conditioning and may experience high 
temperatures compared to the original intended 
home context. Overheating is a very common 
problem in these healthcare facilities. Some 
existing concentrator models work well in 
these higher temperatures, and others have 
problems with overheating. Improved heat 
exchange designs proven through testing at 
higher temperatures will demonstrate these 
concentrators will work in warmer climates 
without overheating.

Rugged Portability
11. Include a power cable stowage point. To 

prevent damage to the power cable when 
moving it between beds or departments, include 
a place to stow the power cable. Some devices 
on the market already include this feature.

12. Incorporate rugged, elastic casters. Common, 
hard, plastic casters quickly break on uneven 
flooring in LMICs, impairing nurses from quick 
and easy setup to serve urgent patient oxygen 
needs. Casters made of solid (not air-filled) 
elastic material such as rubber would be more 
likely to stand the test of time. See an example 
in Figure 42. 

Pest-Proof Internals
13. Select a durable internal tube manifold 

material. Choose a rodent-resistant material for 
the internal tube manifold to avoid this common 
source of internal leaks.

Labelling
Protect Housing from Cleaning
14. Attach a quick reference of acceptable 

disinfectant and cleaning chemicals and 
procedures to the device. Most participants 
rarely accessed the user manual and many were 
not aware when manufacturers had provided 
specific cleaning instructions. Manuals were 
often reported lost, or participants were unsure 
where to locate them. The quick reference guide 
could be laminated and attached or printed 
directly on the device housing.

Figure 42: Concentrator with durable rubber wheels on 
the back at a secondary hospital in Dutse, Jigawa State, 
Nigeria.
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C-04 COMPATIBLE WITH POWER IN LMICS 

Opportunity: Integrate features for facilities with 
intermittent and fluctuating power and few outlets.

Background
Most healthcare facilities in LMICs experience frequent 
power interruptions, power spikes and power dips 
(Chawla et al., 2018). In Nigeria the swings are so 
significant that voltage stabilisers are commonly used 
to protect medical devices from damage.

Research Findings
In Nigeria only, we presented scenario 11N / 11B 
to nurses and BME(T)s. During this simulated use 
scenario, they had to identify that the barrier to 
oxygen therapy was the power stabiliser switched 

off. All BME(T)s were able to discover the source of 
the error and correct it. However most (nine out of 
fifteen) nurses were not able to identify or correct 
the issue as shown in Figure 63, Appendix B. On a 
previous scenario, most of the same nurses were able 
to identify when the concentrator was unplugged. The 
voltage stabiliser adds complexity to troubleshooting 
that may leave nurses unable to use concentrators 
when they are needed.

There were also multiple features related to power 
that ranked amongst the top five most important 
features for nurses and BME(T)s as shown in Figure 43 
and Figure 44

Figure 43: Top five features related to power as reported by nurses. 

Figure 44: Top five features related to power as reported by BME(T)s. 
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Figure 43: Top five features related to power as reported by nurses.
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Figure 44: Top five features related to power as reported by BME(T)s.
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Ideas for Future Design: C-04 Compatible with Power in LMICs

Features 
1. Integrate a power stabiliser. External power 

stabilisers can lead to user errors, adding a 
barrier to device use. In addition, sometimes 
power stabilisers are unavailable or healthcare 
personnel forget to use them, leaving devices 
unprotected.

2. Include a detachable power cable. Some 
participants advocated for a permanently 
attached power cable so it would not be lost 
to use with other equipment or the tea kettle. 
Others advocated for a detachable power 
cable to enable easy replacement if broken. 
Our recommendation is a detachable cable 
because it also helps international distributors 
more affordably stock devices that can serve 
many different countries by simply adding 
the regionally compatible power cable. 
Manufacturers could include a feature to fasten 
the power cable to the device to make it harder 
to casually remove. Some devices on the market 
already include this feature.

3. Provide a longer power cable. A longer power 
cable will enable the concentrator to be placed 
near the patient and still reach the few available 
outlets. Alternatively, users can purchase an 
extension cord, but these are scarce in some 
facilities.

4. Design to not restart automatically after 
power interruption. One nurse in Nigeria 
requested that the device resume therapy 
automatically when power is restored. However, 
some BME(T) participants preferred to choose 
when to turn the device back on based on when 
the power seemed to have stabilised. This would 
avoid power cycling the device multiple times 
on restart, saving it from damage. In this case, 
the power switch would need to be changed to 
a different type of control such as a button so 
the user would not be confused by a switch in 
the “ON” position when the concentrator is not 
running after a power interruption. 

Additional Requested Features
5. The following features were also requested, 

but manufacturers should carefully consider 
whether they provide good cost-benefit.

6. Make the device compatible with car 
batteries or solar panel systems. This would 
require an internal inverter to run the device 
on a DC power source. Manufacturers should 
consider whether purchasing an external 
inverter may be more cost-effective for 
customers.

7. Design for lower electricity consumption. 
Lower electricity consumption would enable the 
concentrators to be powered by a car battery or 
solar panels.

8.	 Include	a	five-minute	backup	battery. 
During a power interruption, a five-minute 
backup battery would give time to find an 
oxygen cylinder. It is possible for most people 
on oxygen therapy to survive for five minutes 
without oxygen, so it would be important for 
manufacturers to determine whether the 
benefit is worth the additional cost.

9. Include a thirty minute to one-hour 
rechargeable battery. Though many facilities 
have backup generators, it often takes thirty 
minutes to one hour to get the generator 
running while the staff search for fuel to get the 
device started. 

10. Include an eight to twelve hour rechargeable 
battery. This would allow the concentrator to 
operate independently from mains power for 
an entire shift. It would then need to charge at a 
location with power. This would benefit facilities 
without backup power or facilities in remote 
settings without power.
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C-05 NURSE-MAINTAINED IN A DUSTY ENVIRONMENT 

Opportunity: Create a concentrator that can be 
reliably maintained by nurses in a dusty healthcare 
environment.

Background
Most concentrators include a gross particle cabinet 
filter on the external surface of the device covering 
the air intake vent. This protects the internals from 
pet hair, human hair and other large particles in the 
home environment that could reach the internal 
components and damage them. Most manufacturers 
recommend home users or their companions clean or 
replace these filters weekly. Accordingly, cabinet filters 
have been designed to require very few steps and 
minimal hand force to clean and change them.

Many healthcare facilities in LMICs do not have air 
conditioning. Often the windows will be opened in 
regions of the world where considerable dust can 
accumulate in hospital departments. Many healthcare 
facilities in LMICs also do not have a dedicated BME(T) 
on staff. It is important for nurses and their attendants 
to easily remember and know how to change or 
clean the cabinet filter as needed based on the level 
of particulate accumulation. To achieve this goal, the 
cabinet filter change must seem like a natural part of 
the nurse’s duties instead of feeling like something for 
a maintenance worker.

Research Findings
During one simulated use scenario, we asked nurses 
and BME(T)s to change the cabinet filter. There was a 
wet and a dry filter provided for two different models 
of concentrator including the concentrator used in 
the scenario. Participants using the AirSep NewLife 
Intensity 10 and the Canta V8-WN-NS reported the 
cabinet filters were easy to change. The cabinet filter 
changes were generally done correctly, but there were 
a few errors. Two nurses tried to use a wet filter in the 
concentrator and one nurse had a close call almost 
using the wrong brand filter. 

During facility tours, the team in Nigeria noted one 
cabinet filter was replaced with a piece of foam at a 
tertiary hospital in Nigeria as seen in Figure 45. The 
staff said replacements for this brand of cabinet filter 
could not be purchased locally. Figure 46 and Figure 
47 show dusty filters from a secondary and a tertiary 
hospital in additional regions in Nigeria as evidence 
that these filters are not often cleaned or replaced.  

We interviewed the nurses and BME(T)s about their 
procedure for changing or cleaning the cabinet filters. 
Only seven of fifteen nurses in Nigeria and none of the 
eleven nurses in Kenya had ever changed or cleaned 
a concentrator cabinet filter. Only one nurse in Kenya 
knew who was responsible to do it, suggesting it is the 
job of the BME(T)s. 

Some BME(T) participants were involved in changing 
the cabinet filter. Their responses indicate the task 
may be done very infrequently.

At one Level 4 health centre in Kenya, the BME(T) 
believed the nurses washed the cabinet filters weekly, 
whereas none of the four nurses interviewed reported 
ever changing or cleaning the cabinet filter. 

Two nurses in Nigeria and one nurse in Kenya 
requested an indicator for when to change the 
cabinet filter amongst their top five preferred product 
features. Unlike the home context where one patient 
uses a single device, a rotating team of healthcare 
staff must maintain multiple concentrators. It is more 
difficult to track when each filter was last changed or 
cleaned in the healthcare setting than in the home 
setting. 

“In facilities where they don’t rely solely on 
concentrators, I change/wash the cabinet filter 
every 6 months or yearly.”
BME(T) KY_001_B, Level 4 Health Center 
Nairobi, Kenya
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(Left to right) Figure 45: An improvised concentrator cabinet filter replacement at a tertiary hospital in Idi–Aba, Ogun 
State Nigeria.
Figure 46: A dusty concentrator cabinet filter in the adult ward, secondary hospital, Lantoro, Ogun State, Nigeria.
Figure 47: A dusty concentrator cabinet filter in the neonatal ward, tertiary hospital in Dutse, Jigawa State, Nigeria.
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Ideas for Future Design: C-05 Nurse-Maintained in a Dusty Environment

Features 
1.	 Eliminate	the	cabinet	filter. If the device can 

be redesigned not to need a cabinet filter, or to 
have a permanent filter that does not require 
cleaning, then there is no need to remember to 
clean it or change it. At least one concentrator 
manufacturer has created such a design, but 
it may or may not have been tested in high 
particulate environments.

2. Locate the air inlet away from ground. Move 
the air inlet away from the ground to collect 
less dust, requiring less frequent filter cleaning. 
This feature has already been included in some 
concentrators on the market.

3. Put air inlet in a more visible / accessible 
location. If feasible, consider moving the air 
inlet from the back to the side to make filter 
changes seem like the purview of nurses and be 
more top of mind.

Note: The cabinet filter must also be placed 
such that it avoids ingress of falling liquids and 
excessive dust collection. Placing the air inlet on 
the front has been shown to lead to more dust 
and more frequent cabinet filter changes as it 
pulls air from the wider room.

4.	 Incorporate	reusable	cabinet	filters	
cleanable without water. Design for filters 
that can be cleaned without making them wet 
to reduce the instances of using a wet filter that 
damages the concentrator. For example, designs 
where dust can be blown off with compressed 
gas. Some cabinet filters on the market already 
meet this requirement.

5.	 Provide	more	cabinet	filters	with	
concentrator purchase. Providing ten cabinet 
filters or more with each concentrator purchase 
will keep the concentrators running for much 
longer in locations where brand-specific filters 
are not available.

6.	 Integrate	a	cabinet	filter	storage	feature. 
Provide a feature for storing spare cabinet 
filters. This will keep the right filters with the 
compatible device in facilities that have multiple 
concentrator brands and model numbers. 
Enabling the cabinet to store a wet filter while it 

dries would be a plus. This may also reduce the 
likelihood that spare filters are lost in storage.

7.	 Use	off-the-shelf	cabinet	filters. Incorporate 
filters found in the automobile, heating/
ventilation/air conditioning, and other industries 
in LMICs to make local sourcing easier. 

8.	 Agree	on	a	universal	cabinet	filter. Choose 
an industry standard cabinet filter for 
concentrators so they can be used across 
multiple brands and models and are more likely 
to be available for purchase locally.

Labelling
9. Use graphics or form factor to show the 

cabinet	filter	is	the	nurse’s	responsibility. Use 
colours, graphics, or form to make the cabinet 
filter area seem more like the responsibility of 
nurses instead of a job for maintenance staff. 
Another method would be to use graphics to 
visually connect the nurse portion of the control 
panel with the cabinet filter. 

10.	Label	cabinet	filter	change	frequency. Add a 
label to the concentrator housing indicating the 
required frequency to change the cabinet filter. 
Place the label in a very visible location. If the 
cabinet filter is located on the back, consider 
repeating the label in that location as well.

11.	Add	a	reminder	for	cabinet	filter	change/
cleaning. The implementation could be as 
simple as a periodic question on the display that 
can be dismissed with a button press. Design 
should take into account that cabinet filter 
change frequency must be customised based on 
the level of particulates in the use environment.

12.	Label	filters	with	the	brand	and	model	
number. Cabinet filters are more likely to 
be reused than discarded. Once they leave 
their packaging, many cabinet filters have no 
labelling. When they are washed and set out to 
dry with a variety of other spare filters for other 
concentrators, make it is easy to match the right 
filter with the right concentrator. 

13. Add a warning label against wet cabinet 
filters. The warning label should be located 
on the concentrator near the cabinet filter, in 
addition to including it in the instructions for 
use.
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C-06 PROMPT THE BME(T) TO CHANGE SYSTEM FILTERS

Opportunity: Prompt the BME(T) to perform regular 
system filter changes to keep devices functioning and 
reduce the risk of respiratory infection in contexts 
where concentrators are used with multiple patients.

Background
Most concentrators include a compressor inlet filter 
to keep fine particulate matter from entering and 
damaging the compressor. Sometimes they are 
located internal to the device, and sometimes they are 
easily accessible by removing a simple door or panel 
as shown in Figure 48. Manufacturers suggest this 
filter should be replaced every three months to every 
two years as needed. 

Most concentrators also have a bacteria filter 
to reduce the number of bacteria and very fine 

particulates reaching the patient’s lungs. These filters 
are often located in hard-to-reach areas internal to the 
device as shown in Figure 49.

The bacterial filter can last for many years up to 
the lifetime of the device. Some manufacturers 
recommend that the bacteria filter is changed every 
time the device is used on a new patient to prevent 
cross-infection. As most concentrators were designed 
for use by a single patient in the home over the course 
of years, these filters are not located in a place that 
enables easily changing the bacteria filter between 
every patient. Nor is there a sufficient supply of 
replacement bacteria filters to make this practise 
feasible in most healthcare settings in LMICs.

Figure 48: Compressor inlet filters from left to right: AirSep NewLife Intensity 10 (internal, side); Longfian Jay-10 (internal, 
front); Nidek Nuvo 10 (external, back); Canta V8-WN-NS (external, back). 

AirSep NewLife 
Intensity 10

Nidek Nuvo 10Longfian Jay-10, 
Dual flow

Canta V8-WN-NS, 
Dual Flow

CC BY-SA 4.0 Center for Public Health and Development and Oxygen for Life Initiative
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Figure 49: Bacteria filters from left to right: Longfian Jay-10 (internal, top), Nidek Nuvo 10 (internal, top), Canta V8-WN-NS 
(internal front). 

Research Findings
Compressor Inlet Filter
Eight of eleven BME(T)s in Nigeria and one of 
six BME(T)s in Kenya had experience replacing 
the compressor inlet filter in their past history 
of servicing concentrators. Amongst the four 
concentrators included in our evaluation, the AirSep 
NewLife Intensity 10 had a compressor inlet filter 
located inside the cabinet on the side, the Longfian 
Jay-10 had two compressor inlet filters located 
inside the cabinet near the front, and the Nidek 
Nuvo 10 and Canta V8-WN-NS both had compressor 
inlet filters accessible from the outside as shown in 
Figure 49. 

As shown in Table 11 and Table 12, ten of eleven 
BME(T)s were able to identify the compressor inlet 
filter in the Canta V8-WN-NS, a device that was 
common in Nigeria. Seven of eleven BME(T)s were 
able to identify the compressor inlet filter in the 
Nidek Nuvo 10, a less familiar concentrator. As 
shown in Table 12, four of six BME(T)s were able to 
identify the compressor inlet filter in the Longfian 
Jay-10. Only two of six BME(T)s correctly identified 
the compressor inlet filter in the AirSep NewLife 
Intensity 10, the more familiar device for BME(T)s in 
Kenya. 

Seven BME(T)s in Nigeria and one in Kenya 
mentioned the AirSep concentrators they had used 
in the past as the easiest to replace the compressor 
inlet filter. The BME(T)s in Nigeria likely mentioned 

the AirSep brand as easy to maintain because 
they were using AirSep brand concentrators at 
facilities where Oxygen for Life Initiative was 
providing programming. The OLI programming 
includes training BME(T)s in maintenance and repair 
and ensuring all replacement parts needed for 
maintenance are available. In addition, one BME(T) 
in Nigeria mentioned the Canta V8-WN-NS as easy 
to replace given the easy access from the back. 

Bacteria Filter
Our BME(T) participants did not have as much 
experience with replacing the bacteria filter. Only 
four of eleven BME(T)s in Nigeria and zero of six 
BME(T)s in Kenya had experience replacing the 
bacteria filter in their past history of servicing any 
concentrator. Only six of eleven BME(T)s could 
identify the bacteria filter in the Nidek Nuvo 10 or 
Canta V8-WN-NS as shown in Table 11. None of the 
six BME(T)s in Kenya could identify the bacteria filter 
in the Longfian Jay-10 as shown in Table 12. 

Participants in Nigeria with past experience 
replacing the bacteria filter mentioned the AirSep 
models they had used in the past were the easiest 
for replacing the bacteria filter. Notably, the AirSep 
NewLife Intensity 10 does not include a traditional 
bacteria filter. Accordingly, it is the easiest device 
to service of the four included in the evaluation 
because the bacteria filter does not need to be 
changed.

Nidek Nuvo 10Longfian Jay-10 Canta V8-WN-NS

CC BY-SA 4.0 Center for Public Health and Development and Oxygen for Life Initiative
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Ideas for Future Design: C-06 Prompt the BME(T) to Change System Filters

Features 
1.	 Eliminate	the	need	to	replace	system	filters. 

If the device can be redesigned such that it 
does not need the compressor inlet or bacteria 
filters to be replaced, then there is no need 
to remember to replace them. At least one 
concentrator manufacturer has created such a 
design, but it may or may not have been tested 
in high particulate environments and may not 
have been tested with respect to cross infection 
when used with multiple patients. Any such 
design should consider alternative methods 
for protecting the internal components from 
particulates.

2.	 Make	filters	easy	to	access. Position 
compressor inlet filters and bacteria filters in 
easy-to-access locations that do not require 
disassembling the outer cabinet for access. 
One approach would be to add a maintenance 
access door. As shown in Figure 48 , some 
concentrators already include easy to access 
compressor inlet filters. 

3.	 Use	off-the-shelf	system	filters. Incorporate 
filters found in the automobile, heating/
ventilation/air conditioning, and other industries 
in LMICs to make local sourcing easier. 

4.	 Agree	on	universal	system	filters.	Choose 
an industry standard cabinet filter for 
concentrators so they can be used across 
multiple brands and models and are more likely 
to be available for purchase locally.

Labelling
5.	 Label	filter	check	frequency	on	concentrator.	

On the outside of the device, add a label 
indicating the frequency the internal filters 
should be checked. Consider adding information 
on or near the filter describing the signs of when 
it should be changed.

6.	 Display	a	system	filter	change	message	on	
concentrator. An informational signal could be 
generated to prompt nurses to seek BME(T)s for 
internal filter check-ups. Manufacturers should 
consider how to design an informational signal 
that does not needlessly dissuade nurses from 
using the device when it is still safe to use while 
they are awaiting BME(T) assistance.  
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C-07 MALFUNCTION-SPECIFIC INFORMATION FOR REPAIR

Opportunity: To keep concentrators working by 
providing readily available, malfunction-specific 
information to guide technicians with minimal 
biomedical specific training and limited access to 
diagnostic tools.

Background
Stationary oxygen concentrators were originally 
designed to be serviced by technicians with 
multiple diagnostic tools at their disposal including 
multimeters, pressure gauges, and oxygen 
analysers. These technicians are usually trained 
and supervised by experienced biomedical device 
engineers or technicians. As such, many existing 
concentrators provide little information about their 
possible sources of malfunction. 

In LMICs, many biomedical engineering technicians 
have generalised knowledge of electronics and 
engineering, but no prior biomedical device specific 
training. Many may be working at a facility alone 
without much supervision. They often do not have 
access to service manuals or specialised tools for 
diagnostics for the wide variety of brands and 
models of equipment available in LMIC healthcare 
facilities.

Research Findings
BME(T) participants in Kenya and Nigeria were 
almost universally successful in troubleshooting 
and resolving scenarios 2B (cannula tube pinched 
with clip); 3B (unplugged concentrator); and 7B (leak 
between humidifier bottle top and bottom due to 
cross-threading) as shown in Figure 64, Appendix B. 

However, using the oxygen analyser was a challenge 
for some. Four of the eleven BME(T) participants 
did not successfully use the oxygen analyser to 
measure the oxygen output during scenario 1B. As 
BME(T) 004 said, “We don’t have an oxygen analyser, 
and I don’t know how to use it.’’ In fact, most of the 
BME(T) participants in Nigeria and Kenya did not 
have a readily available oxygen analyser to evaluate 
the basic function of oxygen concentrators, and a 
subset had never used an oxygen analyser before 
we asked them to engage in these simulated use 
scenarios.

In addition, we gathered feedback indicating that 
many BME(T) participants are unaware of the 

standard warm-up required for all concentrators; 
are unable to identify the hours counter display 
used to trigger regular maintenance; and are not 
familiar with the meaning of the indicator lights. 
The displays for all four concentrators evaluated are 
shown in Figure 50.

We asked BME(T) participants to describe when 
they knew the device was ready for use. As shown 
in Figure 65, Appendix B, three of ten BME(T) 
participants did not mention there is a warm-up 
period with lower oxygen purity, instead citing the 
power indicator light and bubbling humidifier as 
signs the concentrator was ready for use. In some 
cases, the participants showed knowledge that an 
indicator light showed when the concentrator is 
ready, but did not demonstrate knowledge that the 
indicator reflects oxygen purity level. Two examples 
of close call responses are:

To follow the ISO standard for oxygen 
concentrators, most concentrators have a low 
oxygen purity alarm during warm-up. The frequent 
alarming on start-up, and the lack of knowledge that 
it’s normal for oxygen concentrators to go through 
a low purity stage during warm-up, can give the 
impression that concentrators are often broken. 
This may encourage the impression that oxygen 
concentrators provide low purity, ineffective oxygen 
compared to cylinders, creating another barrier to 
use.

“Well, I think now it now tells us it’s okay 
because [the light is] stable. When it was 
blinking, it showed that the concentrator was 
not ready.”
BME(T) 004, Tertiary Hospital
Idi – Aba, Ogun State, Nigeria

“The indicator lights show that the concentrator 
is preparing to produce oxygen for use. I don’t 
know the meaning of the orange-coloured light.”
BME(T) ML-006_B, Level 5 Hospital
Nairobi, Kenya
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Figure 50: Indicators and displays used in simulated use scenarios. From left to right: AirSep NewLife Intensity 10 hours 
counter and indicator panel on front; Longfian Jay-10 display and indicator panel on front; Nidek Nuvo 10 hours counter 
located on back under cabinet filter and indicator panel on front; Canta V8-WN-NS display and indicator panel on front.

In addition, we asked participants to identify the 
hours counter on all four concentrators included 
in the evaluation. Many concentrators have an 
hours counter to display the total cumulative 
hours of use. The hours counter can be used to 
cue regular maintenance activities such as system 
filter changes. Most BME(T)s in Nigeria were able to 
identify the hours counter on the back of the Nidek 
Nuvo 10 and in the Canta V8-WN-NS display as 
shown in Figure 65, Appendix B. Two of six BME(T) 
participants could not identify the hours counter on 
the Longfian Jay-10 display. Half of the six BME(T) 
participants in Kenya could not identify the hours 
counter on the front of the AirSep NewLife Intensity 
10, a common brand of concentrators in Kenya. This 
is evidence that BME(T)s are unlikely to have been 
using the hours counter to cue regular maintenance 
activities such as system filter changes. This is also 
evidence that the labelling for these hours counters 
is not intuitive.

During scenario 1B, we asked BME(T)s to identify the 
meaning of the indicator lights for the Nidek Nuvo 
10 and the AirSep NewLife Intensity 10. We were 
looking for a response that showed their knowledge 
of the list of potential device malfunctions that can 
be represented by a warning / system malfunction 
light. The list includes malfunctions such as a 
compressor failure. Four of five BME(T)s were able 
to partially describe the meaning of the alarm bell 
indicator light on the Nidek Nuvo 10 as shown in 
Figure 65, Appendix B. Only two of five BME(T) 
participants in Kenya were able to amply describe 
the meaning of the single system malfunction and 
oxygen purity indicator light on the AirSep NewLife 
Intensity 10. 

We also asked all BME(T) participants three 
knowledge questions to identify commonplace 
system malfunctions seen by Oxygen for Life 
Initiative and Center for Public Health and 

AirSep NewLife Intensity 10

Nidek Nuvo 10

Longfian Jay-10, Dual flow

Canta V8-WN-NS, Dual Flow

CC BY-SA 4.0 Center for Public Health and Development and Oxygen for Life Initiative
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Development. The results are shown in Figure 
66, Appendix B. Very few participants in Kenya or 
Nigeria could provide a robust list of the probable 
faults indicated by a system fault alarm light. It 
was notable that so many BME(T)s were not able 
to readily produce a list of such common failures 
associated with the system malfunction lights. 

Without available diagnostic equipment, a single 
light is insufficient to assist BME(T)s in repair. Very 
few participants were able to identify a faulty 
thermal regulator as one of the most common 
causes of a concentrator starting and stopping. Only 
four of five BME(T) participants in Nigeria identified 
a loose compressor as the likely cause of a vibrating 
concentrator. The lack of tools and spare parts for 
repair may have contributed to a lack of experience 
in identifying these common issues.

Notably, even though the BME(T) participants had 
access to the device instructions for use and service 
manual for scenario 1B and knowledge questions, 
they did not elect to refer to it to better interpret 
the indicator lights. In addition, most BME(T)s 
do not have access to a service manual for every 
concentrator brand and model they encounter. 
Reasons include that a hard copy was not provided 
with the device at purchase, or the hard copy 
was given to a BME(T) who has since moved to a 
different facility or company, or the hard copy was 
lost. BME(T) participants reported not knowing 
where to find digital copies of service manuals. 
There is also frequently no means to conveniently 
refer to a digital copy while BME(T)s do their work. 
Some BME(T)s have mobile phones, but the screens 
are very small.

In their interviews, BME(T) participants expressed 
the desire for more specific information in the device 
to guide them in determining system malfunctions. 
Figure 51 shows five of eleven BME(T) participants in 

Nigeria and two of the three pairs in Kenya requested 
a screen with specific fault information located on 
the exterior or interior of the concentrator as one of 
their top five most important features. Participants 
also requested informational signals to remind them 
of sieve bed and system filter maintenance, and 
provide a warning when the oxygen purity is getting 
close to the acceptable threshold.

BME(T) 007 and BME(T) 005 describe their desire 
for better troubleshooting diagnostic information 
integrated directly into the device:

Given the lack of access to oxygen analysers, 
many BME(T)s requested an integrated screen 
that displays the numerical percentage oxygen 
concentration. This solution is not as ideal as having 
a separate, calibrated oxygen analyser because the 
BME(T)s could not verify whether the oxygen purity 
sensor in the concentrator is functioning correctly. 
Nevertheless, it could be better than not having any 
access to an oxygen analyser.“So, mostly we have the machine, but we cannot 

identify where the service manuals are. Maybe 
it is a very simple thing we can fix, but because 
they don’t train you on it, and you don’t have the 
service manual, so you cannot do anything.”
BME(T) 005, Tertiary Hospital
Dutse, Jigawa State Nigeria

“What I want the manufacturers to put is a 
display of all the warnings. Have a screen or a 
board that will display anything that is going 
on, not only with the sieve bed, but with all 
the components inside the cabinet. I would 
appreciate that!”
BME(T) 007, Secondary Hospital 
Ibadan, Oyo State Nigeria

“At least we need it to be very easy to assess; 
computerized. In the future, it is going to be 
talking to you, indicating where the problem is.”
BME(T) 005, Tertiary Hospital
Dutse, Jigawa State, Nigeria

“Sometimes, the work may require more 
sophisticated tools than [a multimeter and a 
screwdriver]. We know that it is making some 
sound as though it is working, but we don’t know 
if the working output is up to standard, and we 
don’t have something to confirm that. [..] It is 
producing some oxygen but we don’t know the 
percentage oxygen output.”
BME(T) 004,  Tertiary Hospital
Idi - Aba, Ogun State, Nigeria
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Figure 51: Top five features related to display and labelling as reported by BME(T)s. 

Providing more specific diagnostic information in 
the concentrator would help the expanding BME(T) 
profession in LMICs, including new BME(T)s. Below 
is a story BME(T) 003 recounted from one of their 
first concentrator repair sessions where they 
corrected the issue with only a screwdriver and no 
diagnostic tools. 

“Having an oxygen concentrator display in 
the cabinet is important. It means the oxygen 
concentrator display [would be] on the cabinet 
instead of using an analyser.”
BME(T) 008, Secondary Hospital
Ibadan, Oyo State, Nigeria

“What I would wish for in future is for the 
oxygen purity sensor to be put in all the 
concentrators. If it were possible for all of them 
to be put in all the concentrators, it would be 
good.”
BME(T) ML_005_B, Level 5 Hospital
Nairobi, Kenya

“They said [the concentrator] was working, 
then suddenly it stopped. I wondered what was 
wrong with it. I didn’t know where to touch or 
start from. But with what little experience I had, 
and my head of department always tells me, 
wherever I’m going just go with a screw driver, 
even if don’t know what to do, just go with a 
screw driver. So, when I got there, I was looking 
at the concentrator, the concentrator was 
also looking at me. Down in my heart, I didn’t 
know what to do. The confidence just came. I 
unscrewed it and I started touching everywhere. 
Then, my hand touched one of the tubing pieces 
inside. I noticed it was removed [disconnected]. 
I was like, ‘this one has removed now, the 
confidence remains.’ I put the tubing back on it. 
It worked! Then I believed I can work alone. They 
started calling me for more work and I gained 
more experience and confidence.”
BME(T) 003, Secondary Hospital
Lantoro, Ogun State, Nigeria

Alarm when oxygen concentration too low

Screen with error codes with faults on exterior

Advanced warning indicator before oxygen concentration too low

Shows cumulative hours used

Screen with error codes for faults in cabinet

Figure 51: Top five features related to display and labelling as reported by BME(T)s.
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Number of participants (N)

Other features chosen by one participant (from either Nigeria or Kenya): Signal 1 day before filter needs 
changing; Signal 1 week before filter needs changing; Signal 1 month before filter needs changing; Alarm 
when device requires service; Reminder indicator for dust filter change; Advanced warning indicator of 
sieve bed change; Oxygen concentration display in cabinet; Online instructional videos; Shows cumulative 
hours used.

N= 14 responses (11 individuals in Nigeria, 3 pairs in Kenya)

CC BY-SA 4.0 Oxygen for Life Initiative
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Ideas	for	Future	Design:	C-07	Malfunction-Specific	Information	for	Repair

Labelling
1. Provide a display or indicators to pinpoint 

specific	malfunctions.	Expand beyond a single 
system fault indicator to provide more detailed 
information for technicians servicing the devices. 
This will help build their confidence and support 
them in keeping devices working. Consider ways 
to integrate sensors into the device to diagnose 
malfunctions for BME(T)s who do not have 
access to multimeters, pressure gauges, oxygen 
analysers, or other typical diagnostic tools. The 
result could be a panel of indicators, a display 
with failure messages, a set of lights located on 
internal components, or other types of displays. 
The information would help to identify various 
common failures such as those listed in the 
international standard and those requested by 
BME(T)s including, but not limited to: 

 
 From ISO 80601-2-69:2020

 y overheating
 y compressor failure
 y obstruction of gas pathways
 y oxygen generation means failure
 y pressure failure 

 
 Additional BME(T) requests:

 y advanced warning of oxygen too low (also 
request by nurses) 

 y advanced warning of system filter 
maintenance

 y advanced warning of sieve bed change
 y internal leaks (may or may not be 

encompassed in pressure failure)

 Five BME(T) participants requested this 
information be displayed on the exterior of 
the device, two requested it to be internal to 
the cabinet. An externally-accessible display 
helps facilitate conversations with nurses 
experiencing malfunctions when the BME(T) is 
not on-site during the night time or at facilities 
without a regular BME(T). For manufacturers 
hoping to address the home and healthcare 
markets with a single device, there is a worry 
that more troubleshooting information on the 
external control panel would encourage users 
to try fixing the device themselves. Consider a 
design with a separate area for the service and 
maintenance display. In this way, the additional 
information for technicians is located on a 
different surface of the device and may even be 
covered by a door. This would still allow home 
users and nurses to access the information at 
the direction of the maintenance technician if 
needed.

 
 Carefully consider whether a screen with 

numerical fault codes is a useful way to convey 
diagnostic information. Service manuals 
are typically not available, so a screen with 
numerical fault codes on the concentrator is not 
a useful way to display malfunction information 
unless the fault code reference table can be 
attached permanently to the device and be 
viewable next to the fault code screen. Note, 
having a fault code screen available externally, 
but the list of codes and their meanings 
on the inside of the cabinet would hamper 
communication between nurses and off-site 
BME(T)s. 

Addressing the Needs of Home and LMIC Healthcare Markets

Adding more specific information about device malfunctions would not only improve the ability of 
under-resourced BME(T)s in LMICs to identify the source of any issue, it could also improve the ability of 
home care service personnel to quickly identify and correct concentrator malfunctions. Products that are 
easier to service help boost profitability and lower both maintenance and total cost of ownership. Higher 
customer satisfaction and loyalty lets companies build a strong brand and be more competitive (Kren, 
2005). 
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2. Add a numerical display for oxygen 
concentration. Given oxygen analysers are 
not commonly available, multiple BME(T) 
participants mentioned wanting a readout of 
the oxygen concentration. To avoid confusing 
nurses, this readout could be located in a place 
inside the cabinet or behind a door to hide 
it from nurses to avoid any confusion with 
additional readouts nurses must assess such as 
FiO2 and SpO2.

3.	 Attach	the	top	five	troubleshooting	steps	
to the concentrator. Given that the user 
manuals and service manuals are often 
inaccessible, consider printing the top five 
troubleshooting steps for BME(T)s on the 
inside of the concentrator housing. To address 
language difference, multi-lingual stickers could 
be provided so that the appropriate language 
information is placed internal to the housing 
during concentrator installation.

4. Provide a service manual with every device. 
Provide a hard copy service manual with 
every device sent to LMICs. For products also 
addressing the home market, provide an option 
for purchasers to request a service manual with 
their purchase, even if it is not regularly included 
in the box with the product.

Training
5. Launch free online video training. BME(T)

s are looking for opportunities to learn more. 
Providing engaging and practical videos would 
be helpful for self-learning. In addition, many 
BME(T)s may be interested in subscribing to 
a more formal online training curriculum that 
could lead to a certificate from a manufacturer. 
Ministries of health, non-governmental 
organisations, and healthcare systems could 
also incorporate manufacturer-created videos 
into their in-person training curricula.

“If manufacturers put videos online, there would 
be no need for physical training, we would just 
go online and read for ourselves. It can also help 
us do research on the same equipment.”
BME(T) MT_004_B, Level 4 Health Centre
Nairobi, Kenya
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C-08 EASY TO REPAIR OR REPLACE PARTS WITH BASIC TOOLS

Opportunity: Make it easy for technicians with 
minimal biomedical-specific training and basic tools 
to identify, source, access, and replace concentrator 
parts.

Background
Stationary oxygen concentrators were originally 
designed to be serviced by technicians at service 
providers who often have a contract with one or more 
oxygen concentrator manufacturers. The oxygen 
concentrator manufacturer may provide some 
repair and maintenance training to their contracted 
service providers. Through their relationship with the 
concentrator manufacturer, the service provider also 
has access to replacement parts. Service providers 
may keep a stock of compatible spare parts ready. 
The supply chain for providing these replacement 
parts is often set up to serve providers in wealthy 
geographies where most home care service providers 
exist. In addition, service providers may keep an 
excess inventory of devices which can be deployed 
as replacements when existing devices need 
maintenance or repair. Home care service providers 
have fewer budgetary or sourcing barriers in getting 
the necessary custom tools such as soldering kits or 
specific size Allen wrenches to perform repairs. 

In LMICs, most biomedical engineering technicians 
serving healthcare facilities do not have service 
contracts with oxygen concentrator manufacturers. 
Rather, they are serving one or more facilities and 
are expected to do their best to maintain and repair 
a vast variety of brands and models of medical 
devices including oxygen concentrators. BME(T)
s in LMICs must work with a very broad range of 
brands and models of concentrators as facilities 
receive equipment donations from many different 
organizations. Replacement parts necessary for repair 
are typically not available in-country. International 
shipping involves long delays and high costs, making 
part replacement more expensive in LMICs than 
in wealthy countries. Special tools such as Allen 
wrenches are often not available for local purchase.

Bradley et al. (2015) conducted a retrospective analysis 
of the oxygen concentrator maintenance check and 
repair log of The Biomedical Engineering Department 
at the Medical Research Council Unit in The Gambia. 
They found that the majority of concentrator repairs 
are low-cost and require a low experience level 

to complete. Their research includes additional 
insights on the broader support ecosystem required 
to manage and maintain oxygen concentrators in 
low-resource settings.

Research Findings
Identifying Parts
Identifying the parts and their functions is the first 
step in being able to repair a concentrator. Engaging 
with our BME(T) participants, we discovered many 
were not able to identify the common parts in 
different brands and models of concentrators. 
After removing the outer cabinet, we asked BME(T) 
participants in Nigeria and Kenya to identify each of 
the internal components listed in Table 11 and Table 
12. Participants in Nigeria identified these parts in 
the Canta V8-WN-NS dual flow and Nidek Nuvo 10 
concentrators. Participants in Kenya identified these 
parts in the AirSep NewLife Intensity 10 and the 
Longfian Jay-10 dual flow. The results are shown in 
Table 11 and Table 12.

The majority of BME(T) participants were able to easily 
identify capacitors, transformers, and the compressor. 
One to two participants were not able to identify 
the sieve beds in each of the devices. The oxygen 
reservoir, solenoid valves, and pressure regulator 
were some of the least frequently identified parts 
in Nigeria. The pressure regulator and fuse or reset 
button were some of the least identified parts in 
Kenya. 

Certainly, BME(T)s can benefit from additional training 
to enable them to correctly identify the common 
parts. However, they also had few tools for learning as 
most BME(T) participants mentioned having difficulty 
acquiring any service manuals. In addition, some of 
the service manuals we reviewed had very few images, 
providing little assistance to BME(T)s who cannot 
visually identify the parts of the device. Images would 
also help BME(T)s who are familiar with concentrators 
and their parts, but need assistance identifying parts 
in a new brand or model.
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Table 11: Results of parts identification and replacement interview, BME(T) participants, Nigeria. (N=11)

Part ID Part in 
Canta V8-WN-
NS, dual flow 
# (%)

ID Part in 
Nidek Nuvo 10 
# (%)

Part Ever 
Replaced # (%)

Best 
Concentrator to 
Repair
(#)

Reason

Capacitor(s) 11 (100) 11 (100) 3 (27) AirSeps* (3)  

Transformer 10 (90) 11 (100) 6 (60) AirSeps* (4); 
Canta (2)

Easy to access

Compressor 11 (100) 10 (91) 3 (27) AirSeps* (3) It has space

Fuse or reset 
button

10 (91) 10 (91) 0 (0)   

Cooling fans 10 (91) 10 (91) 3 (27) AirSep (1); Canta 
(1); DeVilbiss (1)

Device used in 
the facility.

Control Panel & 
PCB

10 (91) 10 (91) 2 (20) AirSep (1); Canta 
(1)

Easy to locate

Sieve bed 10 (91) 9 (82) 3 (27) AirSeps* (3) Easy to remove

Hour Meter 10 (91) 8 (73) 0 (0)   

Compressor Inlet 
Filter

10 (91) 7 (64) 8 (73) AirSeps* (7); 
Canta (1)

Easy to access

Oxygen Reservoir 7 (64) 8 (73) 0 (0)   

Oxygen Purity 
Indicator

7 (70) 7 (64) 0 (0)   

Bacteria Filter 6 (55) 6 (55) 4 (36) AirSeps (3) Easy to replace 
because there 
are no bacteria 
filters in AirSep

Solenoid Valves 6 (60) 6 (60) 2 (20) AirSep (2)  

Pressure  
regulator

4 (36) 4 (36) 1 (10) AirSep (1)  

*AirSeps marked are from facilities where Oxygen for Life Initiative is providing wrap-around services for 
BME(T)s including training and spare parts.
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Table 12: Results of parts identification and replacement interview, BME(T) participants, Kenya. (N=6)

Part ID Part in 
AirSep NewLife 
Intensity 10  
# (%)

ID Part in 
Nidek Nuvo 10 
# (%)

Part Ever 
Replaced  
# (%)

Best 
Concentrator to 
Repair
(#)

Reason

Control Panel & 
PCB

6 (100) 6 (100) 0 (0.0)   

Cooling fans 5 (83) 6 (100) 0 (0.0)   

Compressor 5 (83) 6 (100) 0 (0.0)   

Capacitor(s) 6 (100) 4 (68) 1 (17) Longfian Jay-10 
(1)

No soldering

Solenoid Valves 4 (68) 6 (100) 0 (0)   

Transformer 6 (100) 3 (50) 1 (17) Longfian Jay-10 
(1)

No soldering

Sieve bed 4 (68) 5 (83) 0 (0)   

Oxygen Reservoir 4 (68) 4 (68) 0 (0)   

Hour Meter 3 (50) 4 (68) 0 (0)   

Oxygen Purity 
Indicator

4 (68) 2 (33) 0 (0)   

Compressor Inlet 
Filter

2 (33) 4 (68) 1 (17) AirSep (1) Easy to access

Pressure 
regulator

1 (17) 5 (83) 0 (0)

Bacteria Filter N/A 0 0 (0)

Fuse or reset 
button

0 4 (68) 0 (0)
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Figure 52: Tools available for repair and maintenance at 
a secondary hospital in Ibadan, Oyo State, Nigeria.

Sourcing Tools and Parts
During interviews, multiple BME(T) participants from 
Kenya and Nigeria mentioned the difficulty in sourcing 
special tools. Phillips and flathead screwdrivers, pliers, 
and hammers are some of the only tools commonly 
available as shown in Figure 52. 

In some cases, the BME(T)s can’t even open the 
outer cabinet to get a look at the internals because 
of the lack of specialized tools such as Allen 
wrenches.

Sourcing special tools leads to delays in 
concentrator repair.

BME(T)s try to be resourceful in the face of these 
challenges. However, their creative workarounds 
bear a higher risk of parts that might not stay in 
place, a broken concentrator, and sudden cessation 
of oxygen therapy at some point in the future.

Spare parts were also reportedly difficult to source. 
Without spare parts, concentrators are relegated 
to the disposal pile. To ensure the availability of 
spare parts, participants urged manufacturers to 
select transformers, capacitors, and fuses that are 
commonly available in electronics markets in LMICs. 
When that is not possible, try to select parts such 
as sieve beds and compressors that are common 
between multiple concentrator brands and models 
to increase the chance of finding affordable 
replacements without too much delay.

“Repairable with standard tools comes first 
in the top five features [..] because we have 
seen some companies that manufacture the 
kind of machines that you will hardly see a 
tool to loosen [open] and repair the machine 
except if you make an order [of tools] to such 
manufacturers. So, if such concentrators break 
down after one year, we cannot repair them. 
Based on our work as Biomedical engineers, 
if we cannot loosen [open] the concentrator 
during repair, there is nothing we can do.”
BME(T) 006, Tertiary Hospital
Ibadan, Oyo State, Nigeria

“When we have standard tools, we do not have 
to waste time outsourcing the tools for repairing 
the concentrator. The tools that I have would be 
the same tools that other engineers also have to 
service the machine.”
BME(T) KY_001_B, Level 4 Health Centre
Nairobi, Kenya

“In one case, when I noticed I needed a bolt, the 
device that tightened [the bolt] wasn’t available 
since it’s like a size 10 bolt. So, we used a flat 
bolt of size 10 instead. We used our initiative 
and improvised.”
BME(T) 002, Secondary Hospital
Ibadan, Oyo State, Nigeria

“Majorly, if concentrator parts are available, it 
will be good and the machine will last longer in 
our care. It won’t be that when the concentrator 
develops a little fault, we won’t have to go look 
for money to purchase a new concentrator.”
BME(T) 004, Tertiary Hospital
Idi - Aba, Ogun State, Nigeria
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Accessing Parts for Diagnostics and Repair
In conversations with BME(T) participants about 
their experiences repairing or replacing parts, the 
parts that were generally cited as easy to repair 
were specifically easy to access. One participant 
mentioned their difficulty in opening the outer 
cabinet on one concentrator model because 
the screws were recessed and they didn’t have 
an extra-long screwdriver. Another participant 
mentioned the difficulty in accessing commonly-
replaced parts located under other parts. Three 
BME(T) participants in Nigeria mentioned they liked 
the layout of the compressor shown in Figure 53a 
because it allowed ample room to access it for 
diagnostics, removal, and replacement. 

Replacing Parts
Multiple participants told us of instances when they 
could not replace a part due to not having the tools 
to remove and then replace the mounting fasteners. 
We heard this frequently in relation to compressors, 
but also for other components. Phillips and flathead 

“We have so many types of concentrators, 
different makes. We find that whenever we look 
for spare parts, they’re not compatible with 
certain equipment. When the manufacturer 
makes a certain equipment or oxygen 
concentrator, ensure that the spare parts 
are readily available in the market for easier 
maintenance.”
BME(T) MT_005_B, Level 4 Health Centre
Nairobi, Kenya

“The first thing I will say is that manufacturers 
should make the sieve beds so that the 
concentrator will be very universal. They should 
make the compressor universal so that it can be 
accessible in the market.”
BME(T) 011, Tertiary Hospital
Ibadan, Oyo State, Nigeria

Figure 53a: Example of an easy to access compressor for maintenance and repair. 
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Figure 53b: Top five features related to parts repair and replacement as reported by BME(T)s.

screwdrivers are common, but other tools are not. As 
shown in , one BME(T) participant mentioned the ease 
of replacing the capacitors and transformers in one of 
the concentrators at their facility because they did not 
require any soldering. 

We also asked BME(T) participants to tell us some of 
the most frequently broken internal components on 
the device based on their experience. Figure 39 shows 
the internal tube manifold was the most frequently 
broken internal part reported in Nigeria, with solenoid 
valves as the second. In Kenya, the PCB board, plug, 
and fuse were reported by one participant each. 

When a device needs repair, BME(T)s should be able 
to replace broken parts. The list of most commonly 
broken parts was surprisingly small. We believe this is 
a sign of the many barriers BME(T)s face to repairing 
concentrators, ranging from barriers to opening 
the cabinet itself, to barriers in identifying, sourcing, 
accessing, and repairing parts.

The challenges of sourcing tools and parts, accessing 
parts for diagnostics and repair, and replacing the 
parts are also well represented amongst the top five 
features desired by BME(T)s in Kenya and Nigeria as 
shown in Figure 53b. Reparable with standard tools 
was the most often cited top preferred feature for 
BME(T)s in both countries.

“The transformer and the capacitor in one of 
the models of concentrators didn’t require any 
soldering; I just disconnected the terminals. It is 
easy because it is just beside the compressor, no 
soldering”
BME(T) MT_005_B, Level 4 Health Centre
Nairobi, Kenya

Reparable with standard tools

Easy to access inside cabinet

Common power switch

Refillable sieve beds

Universal sieve beds

Easy to replace compressor

Easy to replace power switch

Easy to replace flow meter
0 1 2 3 4 5 6 7 8 9

N= 14 responses 
(11 individuals in Nigeria; 
3 pairs in Kenya)

Number of participants (N)

CC BY-SA 4.0 Oxygen for Life Initiative

Other features chosen by one participant (from either Nigeria or Kenya): Easy to replace pressure 
regulator; Universal air intake filter; Easy to test compressor; Easy to test sieve bed pressures;  
Standard fuse.
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Ideas for future design: C-08 Easy to Repair or Replace Parts with Basic Tools

Features 
1. Design the device to be repairable with 

standard tools. The hardware to open the 
cabinet and the hardware to mount and 
dismount the internal components shouldn’t 
require special tools. A basic spanner of 12mm 
or 14mm, pliers, wrenches, and flathead or 
Phillips screwdrivers were considered standard 
tools. Mounting hardware should be designed 
such that it does not require any of these tools 
to be an unusual length. Hex and torx screws 
require Allen wrenches or torx screw drivers 
that are not commonly available. If bolts are 
more technically feasible, one possible approach 
is to use a single size standard metric bolt to 
fasten all parts, and include the tool attached 
to the device so it is always present. Even in this 
instance, these rare tools may be detached to 
join the general kit of tools for the BME(T)s who 
later are transferred to another facility. 

2.  Incorporate locally-available, universal 
parts. As much as possible, integrate industry-
standard components that could be used across 
concentrator brands and models for common 
parts such as sieve beds, compressors, and 
power switches.

3.		 Incorporate	locally-available,	off-the-shelf	
parts. As much as possible, integrate off-the-
shelf parts commonly available in LMICs for ease 
of replacement; transformers, capacitors, fuses, 
power switches. 

4. Incorporate parts replaceable without 
soldering. Select parts such as transformers, 
capacitors, and fuses with quick connects 
instead of solder joints. The requirement to 
solder is a large barrier to repairing devices.

5. Make the cabinet easy to open. Use as few 
fasteners as possible to secure the cabinet 
to enable easier access for assessment by 
technicians. Some concentrators used in 
the evaluation had only six fasteners, which 
participants noted as easy to access.

6. Design the component layout for easy access 
to frequently replaced parts. Locate the 
most frequently replaced components in an 
easily accessible position that does not require 
removing other components to access them. 
Provide plenty of room around components to 
perform typical diagnostic procedures.

7. Enclose the compressor in only one cabinet. 
The compressor is a common source of 
malfunction. It’s important to be able to easily 
access it for assessment. Many concentrator 
designs encase the compressor in multiple 
cabinets. Instead, locate the compressor such 
that it can be accessed after removing one 
outer cabinet. Provide plenty of room around 
the compressor to perform typical diagnostic 
procedures.

Labelling
8. Add multilingual labels on parts. Many 

BME(T) participants were not able to identify 
the common parts across different brands and 
models of concentrators. BME(T)s in LMICs must 
work with a very broad range of brands and 
models. Adding multilingual labels to each of the 
parts will help BME(T)s orient themselves to new 
brands and models.

9. Provide a pictorial service manual. Write 
a service manual with accessible language 
based on the training/education background 
of BME(T)s in LMICs. Instead of using only text, 
include images of the parts. Some concentrator 
manufacturers already have pictorial service 
manuals.

Additional Requested Features
10.	Use	refillable	sieve	beds.	Multiple BME(T) 

participants requested refillable sieve beds 
because it is so difficult to source replacement 
sieve beds, while it is easier to source zeolite. 
However, BME(T)s who have replaced the zeolite 
in existing concentrators reported various 
issues including low quality zeolite, or difficulty 
reassembling the sieve beds in such a way 
that the device could generate quality oxygen. 
Manufacturers will need to weigh the risks and 
benefits of pursuing this option.
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Opportunities — Flow Splitter

F-01 CONVEY FLOW IN = FLOW OUT

Opportunity: Make flow spitters more intuitive by designing the device to convey flow in must 
equal flow out.

Background
Flow splitters are commonly used to enable a single concentrator to serve multiple patients 
in healthcare facilities in LMICs with limited space and limited budget. Flow splitters, such as 
those shown in Figure 54, are most commonly used in paediatric and neonatal wards to serve 
patients who need 0 - 2 LPM oxygen therapy. Most stationary 5 - 10 L concentrators cannot 
precisely titrate flow rates below 1 or 2 LPM. Flow splitters can deliver oxygen in the 0 - 2 LPM 
range in increments of 0.5, 0.25, and even 0.125 LPM depending on the model.  

Figure 54: Left: Longfian flow splitter used in Nigeria evaluation; Right: Longfian flow splitter used in 
Kenya evaluation. 

Research Findings
We asked nurse and BME(T) participants to use the flow splitters in Figure 54 as part of several 
simulated use scenarios. Some of the nurses had prior experience with similar devices, and 
some were flow splitter naive. The scenarios included no concentrator flow to the flow splitter, 
adding a patient to a flow splitter with a leaky hose connection, discontinuing therapy for a 
patient connected to a flow splitter, and adding a patient to a flow splitter. The results are 
shown in Figure 67 and Figure 68, Appendix B.

There were a large number of use errors that revealed many nurses and BME(T)s do not 
understand that flow in must equal flow out. In the case of Scenario 4N, fifteen of twenty-
six nurse and four of eleven BME(T) participants focused on adjusting the flow splitter flow 
settings without checking to see whether the concentrator was providing any flow. During 
scenario 5N, twenty-one of twenty-six nurse and six of eleven BME(T) participants focused 
on adjusting the flow splitter flow settings and did not identify the leaky hose connection 
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between the flow splitter and concentrator. During 
scenario 6N, nurse participants had to remove one 
patient from the flow splitter. Five of the twenty-six 
nurse participants made one of two errors. Some 
did not remember to decrease the concentrator 
flow after removing a patient from the flow splitter. 
Others did not rebalance the flows between the 
remaining patients on the flow splitter, another 
required step after adding or removing a patient. 
During scenario 9N, five of the fifteen nurse 
participants did not remember to increase the flow 
from the concentrator when adding a patient. These 
errors were not restricted to flow splitter naive 
users.

Using a humidifier at the concentrator outlet 
upstream from the flow splitter is also a possible 
use error with these devices. According to the 
World Health Organization, when oxygen is 
used at a low flow rate (< 4 L/min) through nasal 
prongs, humidification is not necessary. In higher 
flow instances, lack of humidification can lead to 
drying of the nasal mucosa leading to bleeding 
and possibly airway obstruction (WHO 2016). Flow 
splitters typically provide a maximum of 2 LPM 
oxygen therapy to each patient, so typically do not 
require humidification. 

When humification is desired, the recommended 
way to add humidification is downstream from the 
flow splitter (Médecins Sans Frontières, 2020). This 
avoids condensation in the flow splitter that may 
lead to bacterial or fungal growth that could enter 
the lungs. In addition, this helps prevent cross-
infection from a humidifier bottle used with multiple 
patients. When multiple patients are using the flow 
splitter, oxygen therapy to all patients would need 
to stop every time a new patient was added in order 
to allow for installation of a clean humidifier bottle 
at the concentrator outlet. 

The use of humidifier bottles upstream from 
flow splitters may be prevalent in some facilities. 
During simulated use scenarios, there were several 
cases where participants would not continue the 
scenario because there was no humidifier on the 
concentrator upstream from the flow splitter. 
Notably, we did not provide any brackets to 
holdhumidifier bottles downstream, so we could 
not evaluate whether participants would have 
otherwise included a humidifier downstream from 
the flow splitter. We observed nine flow splitters 

in-use across three facilities in Nigeria. One of the 
nine shown in Figure 55 had a humidifier in-use 
upstream from the flow splitter in a paediatric ward. 
Flow splitters were not used in any of the three 
facilities in Kenya. 

Figure 55: Humidifier bottle used upstream from a flow 
splitter in the paediatric ward of a secondary hospital in 
Ibadan, Oyo State, Nigeria. 

Finally, Médecins Sans Frontières recommends the 
use of a bacteria filter between the patient and flow 
splitter for patients who are suspected to have an 
airborne, contagious respiratory disease (Médecins 
Sans Frontières. 2020). This would reduce the risk 
of cross contamination from the flow splitter. None 
of the nurse participants asked to use a bacteria 
filter in the scenarios, and none was offered. There 
were no bacteria filters in use across nine flow 
splitters we observed in three facilities in Nigeria. In 
addition, bacteria filters are not commonly available 
to purchase in the country, or are not regularly in 
the facility budget. When they are available, they are 
often reused. Lack of bacteria filter is an additional 
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Ideas for Future Design: F-01 Convey Flow In = Flow Out

Labelling
1.	 Use	form	and	graphics	to	show	flow	in	=	

flow	out. Consider how to use form factor 
or graphics to better convey how the device 
internals work. Many participants assumed 
something complex was happening inside the 
cabinet, instead of just a simple tube being split 
into five tubes. For example, a simple graphic on 
the outside with a thick line at the inlet splitting 
into five thinner lines going to each outlet. 
Alternatively, an outer form factor that shows 
one tube coming in and five tubes branching out 
to the flow controllers. 

2.	 Label	flow	in	=	flow	out. Include labelling on 
the housing to convey flow rate in must equal 
flow rate out: no more and no less. Propose 
several concepts for how to convey this visually 
or with text and test with intended users to 
determine their comprehension.

3.	 Add	a	warning	label	to	put	the	humidifier 
downstream. Include labelling or a warning on 
the flow splitter housing to keep the humidifier 
downstream. Consider including a diagram 
on the housing to show the ideal setup with a 
humidifier downstream from the flow splitter. 

4.	 Add	a	warning	label	to	use	bacteria	filter.	
Include a label on the housing to warn of the 
danger of cross-infection if used with infectious 
patients. Consider including a diagram on the 
housing to show the ideal setup with a bacteria 
filter after flow splitter for each potentially 
infectious patient.

5.	 Attach	quick	start	guide	to	the	flow	splitter.	
Given the difficulty in tracking down print or 
digital instructions for use, consider attaching a 
quick start guide to the flow splitter, or printing 
it directly on the cabinet. This could include the 
steps of attachment, proper use of humidifier 
and bacteria filters, how to add a patient, and 
how to remove a patient. In particular, the steps 
adding or removing a patient should include 
setting the flow at the flow splitter, setting the 
flow at the oxygen source, and then rechecking 
that all patients are receiving their desired flow 
rates.

6.	 Attach	top	troubleshooting	steps	to	the	flow	
splitter. Given the difficulty in tracking down 
print or digital instructions for use, consider 
attaching a set of top troubleshooting steps to 
the flow splitter, or printing it directly on the 
cabinet.  

Note: Including a humidifier holder bracket 
may reduce the instances of using a humidifier 
at the concentrator outlet upstream from the 
flow splitter. However, because humidification 
is not required for most patients using a flow 
splitter with a nasal cannula, and because 
humidification introduces additional hazards of 
cross contamination, we are not recommending 
to include a humidifier bracket with every flow 
splitter.

potential use error in using a flow splitter.

Serving multiple patients with a single device is an 
important way to expand access to oxygen therapy 
in LMICs. Flow splitters are an important tool for this 
purpose. In fact, seven of fifteen nurses in Nigeria 
and three of eleven nurses in Kenya mentioned 
serving multiple patients with a single concentrator 
as one of their top five most important features. 
In particular, nurses requested to serve between 
three and six patients. Using flow splitters to deliver 

safe and effective oxygen therapy to neonatal and 
paediatric patients is also of utmost importance. 
Nurse participants serving neonates and paediatric 
patients requested settings in increments of 0.25 
LPM and settings as low as 0.125 LPM amongst their 
top five features. Flow splitters are an affordable 
way to provide oxygen to neonates and paediatric 
patients if they are designed to be safe to use.
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Opportunities — Humidifier 
Bottle

H-01 HARD-TO-USE-WRONG HUMIDIFIER BOTTLE

Opportunity: Make it easy to correctly connect the top and bottom of the humidifier bottle 
and the bottle to the concentrator. Make concentrator compatibility obvious.

Background
The World Health Organization recommends the use of humidified oxygen for flow rates 
of 4 LPM and higher (WHO 2016). Bubble humidifier bottles are the most common type of 
humidification accessory used with concentrators. 

Some bubble humidifier bottles are made to accommodate a tube connection, such as the 
bottle in Figure 56 used with the Canta V8-WN-NS device. Other bubble humidifier bottles 
have a threaded fitting compatible with a male DISS 1240 9/16”-18 threaded concentrator 
outlet (Bay Corporation, 2022, Compressed Gas Association, 2005). The Diameter-Index 
Safety system (DISS) standard was developed by the Compressed Gas Association (CGA) 
for non-interchangeable, removable connections for use with medical gasses. Many 
humidifier bottles include a tube connection inside the female threaded connection for dual 
compatibility. There are also bubble humidifier bottles with different DISS threaded fittings 
compatible with other medical devices such as anaesthesia machines. 

Research Findings
In designing the evaluation, the CPHD and OLI teams recommended humidifier bottles 
in Figure 56 that were commonly available for purchase in their countries. In Kenya, two 
bottles were chosen with standard DISS 1240 thread connections. In Nigeria, it is often 

Figure 56: Humidifier bottles used during simulated use scenarios from left to right: bottle used with 
AirSep NewLife Intensity 10 in Kenya; bottle used with Longfian Jay-10 in Kenya; bottle used with Canta 
V8-WN-NS in Nigeria; bottle with tube and christmas tree adapter used with Nidek Nuvo 10 in Nigeria. 
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difficult to source bottles with the DISS 1240 thread 
fitting. For the Nidek Nuvo 10, the team connected 
a tube and a christmas tree adapter to a threaded 
humidifier bottle compatible with anaesthesia 
machines, a common work-around in the region. 
To connect to the Canta V8-WN-NS, the humidifier 
bottle is manufactured to include a tube-friendly 
on the top without DISS 1240 threads. 

As part of simulated use scenario 1N, we observed 
whether nurses would fill the humidifier bottle 
with new distilled water and attach it correctly to 
the concentrator.  Most of the participants in both 
countries were able to attach it well. However, two 
nurses in Nigeria tried unsuccessfully to connect 
the humidifier bottle with threaded christmas 
tree adapter to the unthreaded Canta V8-WN-NS 
outlet. The scenario results are shown in Figure 69, 
Appendix B. 

During simulated use scenario 7N, we asked 
nurses to identify that there was a leak between 
the top and bottom of the humidifier bottle due 
to cross-threading. Fifteen of twenty-six nurses 
were not able to identify the leak, even though 
many noticed smaller bubbles in the humidifier 
and little flow to the patient. One nurse had a close 
call, barely attaching the top back on the bottom 
because the humidifier bottle has left-handed 
threads instead of the more common right-handed 
threads. After twisting it the wrong way several 
times, they were able to resolve the issue. One 
nurse pinpointed the cross-threaded humidifier 
problem, but could not succeed in threading it 
back together correctly. A typical response for 
those who could not identify or fix the leak was to 
stop using the entire concentrator while waiting for 
the technician. Hard to use humidifier bottles can 
pose a barrier to oxygen therapy.
During simulated use scenario 2N, a clip was 
used to obstruct flow in the nasal cannula. 
Eleven out of twenty-six nurses were not able to 
identify the source of the problem. During this 
scenario, the safety valve on the humidifier was 
releasing pressure due to the obstruction which 

also provided an audible alarm. However, most 
participants did not seem to view the humidifier 
safety valve whistle sound as an alarm. Humidifier 
bottle manufacturers could more clearly mark the 
valve as an obstruction alarm.

When asked to list their top five features, five 
nurses included, “easy to connect humidifier”. One 
nurse explained that it is very important to be 
able to quickly connect the humidifier bottle when 
providing therapy to a patient in urgent need of 
oxygen.

Another nurse mentioned that it is easy to damage 
the threads on the humidifier bottle during 
connection. Once damaged, it’s often difficult 
to find a compatible backup humidifier bottle 
locally. In some instances, facilities stop using the 
concentrator for want of a compatible humidifier 
bottle. 

One nurse indicated that the experience of 
connecting the humidifier bottle made her feel 
more like she was taking on a role outside of her 
skillset. 

‘’In this case I will call the technician or probably 
use another concentrator.’’
Nurse 005, Tertiary Hospital
Idi - Aba, Ogun State, Nigeria

“Sometimes when we are using a concentrator 
and we need to connect to a patient quickly, 
for example, when there is an emergency, we 
require a humidifier which is easy to connect to 
save the situation.” 
Nurse MT_003_N, Level 4 Health Centre
Nairobi, Kenya

“Sometimes, if the humidifier is not easy to 
connect, when you want to clean it, you can 
easily damage the screw.”
Nurse MT_003_N, Level 4 Health Centre
Nairobi, Kenya

“It is very important because we are nurses not 
biomedical engineers so if it is easy for us to 
connect the humidifier that will be better”
Nurse 002, Primary Health Centre
Ibadan, Oyo State, Nigeria
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Ideas	for	Future	Design:	H-01	Hard-to-Use-Wrong	Humidifier	Bottle

Features
1. Design a bottle that is easy to attach to a 

threaded outlet. Create a different type of 
connector that enables quick, intuitive, and 
firm humidifier bottle attachment to the DISS 
1240 threaded concentrator outlets without 
cross-threading or damaging humidifier or 
concentrator threads. One example is a quick 
connect bike pump that connects to a threaded 
bicycle tire valve stem through a lever.

2. Include thread & tube connection. The ideal 
bubble humidifier bottle includes a connection 
point for a tube and a DISS 1240 thread. This 
style is already commonly available. This 
maximises compatibility with different types of 
concentrator outlet connectors.

3. Create a leak resistant bottle top connection. 
One of the most common use errors reported 
by Oxygen for Life Initiative and Center for 
Public Health and Development is cross-
threading between the top and bottom of 
a humidifier bottle, leading to leaks and 
sometimes thread damage. Instances of cross 
threading can be prevented with coarser 
threads and a chamfered lead-in on diameter 
of bottle threads. A more radical and helpful 
design would provide a method to easily 
connect the top and bottom without threading 
such as a flip top lid with latch closure. The 
attachment would need to be robust enough not 
to release during therapy or during concentrator 
relocation.

4. Use right-handed threads. When using threads 
to connect the bottle top and bottom, always 
use threads that tighten clockwise and loosen 
counter clockwise to reduce user confusion.

Labelling
5. Label safety valve pressure. Some humidifier 

bottles label their safety valve pressure, others 
don’t. It’s easy to use a pressure that is too low 
with the higher flow concentrators without 
knowing it. The result is frequently triggering 
the safety valve and repeatedly alarming the 
user that something is wrong when everything is 
functioning normally. 

6.	 Label	compatible	concentrator	flow	ranges.	
Labelling the valve pressure is an important 
step, but it would be even more clear to users 
if they knew the range of flow rates compatible 
with a particular humidifier bottle. 

7.	 Label	humidifier	safety	valve	as	an	alarm. 
At the minimum, provide in-mould labelling 
indicating the safety valve is an alarm indicating 
an obstruction. In addition, pad print or mould 
the safety valve stem in a typical alarm colour 
such as yellow to more clearly mark it as an 
alarm. 
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H-02 REDESIGN THE SEMI-DISPOSABLE TO BE REUSABLE 

Opportunity: Redesign the bubble humidifier bottle 
from a semi-disposable to an affordable, reusable 
device.

Background
The World Health Organization recommends the 
use of humidified oxygen for flow rates of four LPM 
and higher, and for flow rates of any level when 
oxygen is provided through the mouth instead 
of just the nose. With higher flow therapy, lack of 
humidification can cause drying of the nasal mucosa 
leading to bleeding and possible airway obstruction 
(World Health Organization, 2016). 

The most common humidification accessory used 
with stationary oxygen concentrators is a USD $1 
semi-disposable, plastic, humidifier bottle. Most 
manufacturers recommend these can be used for 
thirty days. 

Disposable devices become reusable in under-
resourced healthcare facilities. Humidifier bottles 

are not commonly included in facility budgets as a 
regular monthly disposable to purchase. Instead, 
they are used for months and years. There are 
humidifier bottles on the market that are designed 
to be reusable for a longer period by including 
metal fittings or thicker plastic. However, these are 
not commonly purchased for use in LMICs due to 
their 10x cost.

Humidifier bottles must be cleaned and disinfected 
with only certain chemicals to avoid damaging 
the plastic. Manufacturer recommendations 
include disinfecting the bottle with a mixture 
of vinegar and water as often as every day 
(Mathur, 2021). During Covid-19, the World 
Health Organization recommended disinfecting 
humidifier bottles between every patient use 
(World Health Organization, 2022). Unfortunately, 
some commonly-available disinfectant chemicals in 
healthcare settings can break down the humidifier 
bottle plastic, further reducing its lifespan. 

Figure 57: Improvised seal to repair a broken humidifier bottle outlet at a secondary hospital in Lagos, Nigeria.
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Research Findings
Five of six BME(T) participants in Kenya mentioned 
the humidifier bottle amongst parts that frequently 
break. No other component was mentioned as 
often in Kenya. The typical breaking points were the 
outlet for connecting the nasal cannula as shown 
in Figure 57, and the neck of the inlet where it is 
attached to the concentrator.

One nurse spoke of breakable humidifier bottles 
when describing how she disconnects the 
humidifier bottle to clean it.

Two BME(T) participants in Kenya mentioned 
the humidifier bottle outlet and lid breaking 
respectively.

One BME(T) at a Level 4 health centre in Kenya told 
the story of the loss of oxygen therapy due to the 
humidifier bottle breaking. 

A broken humidifier bottle can pose a barrier to 
providing any oxygen therapy. Nurses who have 
been trained in the best practises of oxygen therapy 
are not comfortable providing oxygen to patients 
without humidification when a humidifier bottle 
breaks.

Cleaning and disinfection products are also of 
concern for semi-disposable bottles designed 
only for a small number of cleaning cycles. We 
interviewed nurses about the typical products and 
processed used to clean and disinfect humidifier 
bottles. The results are listed in Table 13. 

Chlorine was commonly mentioned by many 
nurses.

“I will separate the cap from the main cylinder, 
and then get my soapy water. I clean the 
cylinder and then rinse it with water. I put inside 
a mild concentration of sodium hypochlorite for 
at least 30mins. Then, I remove it, rinse it with 
a normal tap water, and it is ready for another 
use.”
Nurse 009, Secondary Hospital
Dutse, Jigawa State, Nigeria

“We turn off the machine, then we remove 
[the humidifier bottle] gently because it’s very 
fragile.”
Nurse 006, Tertiary Hospital
Idi - Aba, Ogun State, Nigeria

“The nozzle [outlet] of the humidifier bottle likes 
breaking. Users use a lot of energy when fixing 
[connecting] the tubing. A metal one would be 
good for us.”
BME(T) ML_005_B, Level 5 Hospital
Nairobi, Kenya

“Bottle lids crack at times when one uses a lot 
of energy to fix [connect] it. Humidifier bottles 
should be made of a material that does not 
break easily.“
BME(T) ML_006_B, Level 5 Hospital
Nairobi, Kenya

“The part that breaks most frequently is the 
humidifier bottle. It usually breaks during 
handling at the top where it is attached to 
the concentrator. When the humidifier bottles 
needed to be replaced, we couldn’t purchase 
others locally, so the concentrators were not in 
use. “
BME(T) KY_001_B, Level 4 Health Centre 
Nairobi, Kenya
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Table 13: Common humidifier bottle cleaning and disinfection chemicals reported by nurse participants.

Nigeria Kenya

Water rinse only Water rinse only

Mild soap and gauze or brush Soap and water

Savlon (alcohol ethoxylate) Cidex (ortho-phthalaldehyde (OPA) 0.55%)

Sodium hypochlorite Chlorine

Jik (chlorine) solution and a brush Jik (chlorine)

“Disinfectant” “Microbacterial solution”

Notably, most humidifier bottle plastics are degraded over time with the presence of chlorine. Some of the 
other commonly-used chemicals may also be counter indicated depending on the humidifier bottle material. 
Common breakages at the inlet, outlet, and bottle top may be partially caused by exposure to typical hospital 
cleaners which can make plastics brittle.

Ideas for Future Design: H-02 Redesign the Semi-Disposable to be Reusable

Features 
1. Select a stronger material for the cap 

including the inlet and the outlet. Consider 
alternative materials that are more durable such 
as metal or plastic resins with better stress-
strain characteristics.

2. Engage in mechanical design to strengthen 
the cap, inlet, and outlet. Consider a thicker 
material, rounded plastic at stress points, and 
other alterations to design the bottle to last 
longer.

3. Select a chemical resistant material. 
Choose materials that will resist cleaning and 
disinfecting with the wide variety of chemicals 
used in healthcare facilities in LMICs.

Labelling
4. List compatible chemicals on the label. 

Add an in-mould, or pad printed label to the 
humidifier bottle listing compatible chemicals 
for cleaning and disinfection and procedures for 
their safe and effective use.



97

Design for Oxygen Concentrator Usability in Under-Resourced Healthcare Settings V.1.0

H-03 PROMPT TO CHANGE WATER AND DISINFECT 

Opportunity: Prompt nurses and attendants to 
change water and disinfect the humidifier bottle for 
every patient.

Background
Humidifier bottles are the most common 
humidification accessory used with stationary 
concentrators. Manufacturers recommend to use 
only distilled water. In addition, they recommend 
changing the water and disinfecting the bottle as 
often as every day (Mathur, 2021). 

The most commonly-used humidifier bottles are 
semi-disposables that are recommended for disposal 
after 30 days. These bottles are typically used with 
a single patient in the home or in a healthcare 
environment. The home user or their companions 
are responsible for changing the water and 
disinfecting the bottle for devices used in the home.

However, disposable devices become reusable 
in under-resourced healthcare facilities. Semi-
disposable humidifier bottles are used for months 
and years and shared across multiple patients, 
increasing the risk of cross-infection. In addition, 
a rotating set of nurses and attendants must keep 
track of humidifier bottle water and disinfection 
schedules across multiple devices over many shifts.

In their manual, Oxygen Therapy for Children, 
the World Health Organization recommends 
that humidifier reservoirs should be cleaned 
and disinfected regularly to avoid bacterial 
contamination:

The water should be changed daily, and the 
humidifier, water jar and catheter should be 
washed in mild soapy water, rinsed with clean 
water and dried in air before reuse. Once a week 
(or whenever a patient ceases oxygen therapy), 
all the components of the humidifier should 
be soaked in a mild antiseptic solution for 15 
min, rinsed with clean water and dried in air. 
Allowing the humidifier to dry completely will 
discourage bacterial colonization. (World Health 
Organization, 2016)

Refilling the bottles with uncontaminated water is 
also a challenge. When distilled water isn’t available, 
boiled water is a possible alternative. The water 
should not be topped off, but instead all water 
drained and all new water added.

A major concern with regard to water humidifiers 
is bacterial contamination. In a study, 22 
of 30 reservoirs in ambulance humidifiers 
with multiple-use bottles contained bacteria. 
Humidifiers filled with tap water were not 
contaminated more frequently than those 
containing sterile water, but this may not be the 
case in all settings; in some hospitals, tap water 
may be contaminated and increase the risk for 
hospital-acquired (nosocomial) infection. (World 
Health Organization, 2016)

Research Findings
Changing the Water
Through interviews and observations, we 
discovered that humidifier water is not often 
changed on a regular schedule. When the water is 
low, nurses and attendants may top it off without 
emptying the bottle of the existing, contaminated 
water. 

In Kenya, nurse participants started scenario 1N 
with a humidifier bottle already filled with water, 
but detached from the device. Nine of eleven 
nurses in Kenya did not change out the water 
before initiating therapy with a new patient as 
shown in Figure 70, Appendix B. It’s possible that 
they thought the water had been replaced already 
because the humidifier was detached but filled. In 
Nigeria, nurse participants began scenario 1N with 
an empty humidifier bottle. Only one of fifteen 
nurses did not fill the bottle with designated, clean 
water while setting up the concentrator for therapy. 
This scenario demonstrated that nurses in Nigeria 
knew the bottle should be filled with water, but it 
did not provide information on how often and when 
nurses would change the water in a bottle that was 
already filled.
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We also interviewed the nurses about their habits in 
changing the humidifier bottle water. This revealed 
that it is not standard to change the humidifier 
water between every patient in all facilities. The 
following are common responses:

We discovered that humidifier bottles are often 
stored attached to the concentrator filled with 
water so they will be ready for the next patient. 
This enables quick setup given the urgent nature of 
oxygen therapy in healthcare facilities. Half of the 
thirty-six observable concentrators at ten facilities in 
Nigeria had water-filled humidifier bottles attached 
while not in-use. Six out of seven observable 
concentrators at three facilities in Kenya had water-
filled humidifier bottles attached while not in-use. 
In some cases, such as Figure 58, we could see 
discoloured water in a concentrator waiting to be 
used. 

Figure 58: Yellow humidifier water in the paediatric ward 
at a secondary hospital in Jigawa State, Nigeria.

There was no known method being used to track 
how long the water may have been sitting in 
the bottle and no method for the nurse to know 
whether fresh water was added after the last 
patient. With so many devices at each facility, and so 
many nurses and attendants rotating in an out over 
the 24-hour shifts, it is probably common that older 
water used with prior patients is often in use, risking 
hospital-acquired respiratory infection.

Cleaning and Disinfecting the Bottle
There was ample evidence through conversation 
and observations that the humidifier bottles are 
infrequently or never disinfected at some facilities. 
When asked about their humidifier bottle cleaning 
routine, two of eleven nurses in Kenya only changed 
the water, but never cleaned or disinfected the 
humidifier bottle. Another five out of eleven nurses 
in Kenya used only soap and water, but never 
disinfected it. Only ten of fifteen nurses in Nigeria 
described cleaning or disinfecting the humidifier 
bottle. One nurse did not clean it because they 
never used humidifiers. Another nurse said it was 
the job of attendants to disinfect the humidifier 
bottles. It is unclear whether the other three nurses 
did not know it should be disinfected, or whether it 
was the job of another person at their facility. Only 
two of fifteen nurses in Nigeria described cleaning 
the connecting tube between the humidifier 
and concentrator used for the Canta brand 
concentrators prevalent in the area. 

The following is an example of a typical cleaning 
procedure that does not involve any cleaning or 
disinfection products. 

While some nurses mentioned the goal to clean 
and disinfect the humidifier between every patient, 
for many others, the need to disinfect after every 
patient was not common knowledge or practise.

“For the humidifier, we don’t have any fixed 
period [to change the water], but at a point, 
sometimes, we discover that the water is 
looking dirty. That is when we clean it. When 
we discover the water level down, it’s not even 
cleaning, we only add the water to the desired 
level. That is the only thing we do for the 
humidifier.”
Nurse 011, Tertiary Hospital
Dutse, Jigawa State, Nigeria

“Sometimes you see some greenish part [in the 
humidifier bottle] because water has stayed for 
long.”
Nurse 006, Tertiary Hospital
Idi - Aba, Ogun State, Nigeria

“After taking [the humidifier bottle] off from the 
concentrator, if there is water in it, we dispose 
of it. Then, we clean it by using ordinary water 
to rinse it. Then, we dry it before replacing it 
back, and refill with distilled water.”
Nurse 004, Secondary Hospital
Lantoro, Ogun State, Nigeria
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In some cases, we observed concentrator designs, 
such as depicted in Figure 59, that require two 
points of connection to the concentrator; both 
at the inlet and outlet. The requirement for two 
connecting points instead of one, and the presence 
of the door, present barriers to easily disconnecting 
and reconnecting the humidifier bottle for regular 
disinfection and water replacement

Figure 59: Concentrator requiring the humidifier bottle 
inlet and outlet to be connected to the concentrator.

Design for Oxygen Concentrator Usability in Under-Resourced Healthcare Settings version: V.1.0

“The washing schedule for the humidifier is 
every two to three weeks.”
Nurse 009, Secondary Hospital
Dutse, Jigawa State, Nigeria

“Once or twice in a week, we disconnect [the 
humidifier bottle] from the concentrator, clean 
the tube, the cover and container.”
Nurse 012, Secondary Hospital
Dutse, Jigawa State, Nigeria
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Ideas for Future Design: H-03 Prompt to Change Water and Disinfect

Features 
1. Make an easy access concentrator outlet. 

Avoid adding doors and additional connecting 
points which lead to barriers decreasing the 
likelihood the bottle will be kept clean. There are 
many concentrators on the market that already 
succeed in this.

Labelling
2. Add a label to disinfect between patients. 

Include an in-mould or pad printed label on 
the bottle indicating to disinfect the bottle 
after use with each patient. Provide indication 
of compatible chemicals and disinfection 
procedures directly on the device.

3. Add a label to change water between patients. 
Include an in-mould or pad printed label on the 
bottle indicating to change the water after use 
with each patient.
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Appendix A: Facility and Participant Demographics

Table 14: Participating facility demographics, Nigeria.

Facility ID Location Type Level # Total Beds # Beds 
Neonatal

# Beds 
Pediatric

#Beds 
Adult

Types of 
Oxygen 
Neonatal 

Types of 
Oxygen 
Pediatric 

Types of 
Oxygen Adult 

BMET 
Service

F01 Ibadan, 
Oyo State

Public Primary 20 0 0 20 N/A N/A Concentrator, 
Cylinder

No BMET 
available

F02 Lagos Public Primary 12 0 0 10 N/A N/A Concentrator, 
Cylinder

No BMET 
available

F03 Dutse, 
Jigawa State

Private Secondary 35 0 0 35 N/A N/A Concentrator, 
Cylinder

No BMET 
available

F04 Dutse, 
Jigawa State

Public Secondary Information 
not available

24 36 25 Information 
not collected 

Concentrator, 
Cylinder

Concentrator, 
Cylinder

No BMET 
available

F05 Ibadan, 
Oyo State

Faith-Based Secondary
Information not collected

F06 Ibadan, 
Oyo State

Public Secondary Information 
not available

0 0 54 N/A N/A Concentrator, 
Cylinder

Maintenance

F07 Ibadan, 
Oyo State

Public Secondary Information 
not available

18 40 N/A Concentrator, 
Cylinder

N/A 
Concentrator, 
Cylinder

N/A Maintenance 
and Repair

F09 Lagos Faith-Based Secondary Information 
not available

10 14 20 Cylinder Concentrator, 
Cylinder

Concentrator, 
Cylinder

No BMET 
available

F10 Lagos Private Secondary 8 0 0 8 N/A N/A Concentrator, 
Cylinder

No BMET 
available

F11 Lantoro, 
Ogun State

Faith-Based Secondary Information 
not available

20 24 38 N/A 
Concentrator, 
Cylinder

N/A 
Concentrator, 
Cylinder

Concentrator 
Cylinder

Maintenance 
and Repair
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Facility ID Location Type Level # Total Beds # Beds 
Neonatal

# Beds 
Pediatric

#Beds 
Adult

Types of 
Oxygen 
Neonatal 

Types of 
Oxygen 
Pediatric 

Types of 
Oxygen Adult 

BMET 
Service

F12 Dutse, 
Jigawa State

Public Tertiary Information 
not available

12 20 18 Concentrator, 
Piped

Concentrator, 
Piped

Concentrator, 
Piped

Maintenance 
and Repair

F13 Ibadan, 
Oyo State

Public Tertiary
Information not collected

F14 Idi – Aba, 
Ogun State

Public Tertiary could not be 
ascertained

18 30 24 Information 
not collected

Concentrator, 
Cylinder

Concentrator, 
Cylinder

Maintenance 
and Repair

Table 15: Participating facility demographics, Kenya

Facility 
Name

Location Type Level # Total 
Beds

Annual # 
Patients 
Served

# Beds 
Neonatal

# Beds 
Pediatric

#Beds 
Adult

Types of 
Oxygen 
Neonatal 

Types of 
Oxygen 
Pediatric 

Types of 
Oxygen Adult 

BMET Service

F15 Embakasi 
West Sub 
County, 
Nairobi

Public IV 30 303600 0 0 30 Cylinder Concentrator Information 
not collected

From sub 
county 
ministry of 
health

F16 Ruaraka 
Sub County, 
Nairobi 

Public IV 26 4800 0 0 26 Cylinder Concentrator Information 
not collected

From sub 
county 
ministry of 
health

F17 Embakasi 
Central Sub 
County, 
Nairobi

Public V 188 352000 0 46 142 Piped Cylinder Concentrator Facility 
employee 
providing 
maintenance 
and repair

Table 14: (continued)
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Table 16: Nurse participant demographics, Nigeria.

Current work shifts Past oxygen experience
Participant 
ID 

Job Title Facility  
ID

Age Gender Year 
started 
work

Week- 
day 
Day

Week- 
day 
Night

Week- 
end 
day

Week- 
end 
night

Department Certifications Concentrator 
Most Recent 
Use

Concentrator 
Frequency

Piped Cylinder

Nurse 001 Chief 
Nursing 
Officer

F06 55 Female 1992 YES NO NO NO Female 
Adult

RN, RM 1 mo - 1 year 1-10 patients / 
month

NO yes

Nurse 002 Chief 
Nursing 
Officer

F01 46 Female 2006 YES NO YES NO Nursing BNSC 1 mo - 1 year 1-10 patients / 
month

NO YES

Nurse 003 Nursing F11 23 Female 2021 YES YES YES YES Neonatal RN This month 1-10 patients / 
month

NO YES

Nurse 004 Nursing F11 33 Female 2015 YES YES YES YES Pediatric RN, BNSC This month 11-20 patients 
/ month

YES YES

Nurse 005 Nursing F14 30 Female 2018 YES YES YES YES Cardiology RN, RM This month 1-10 patients / 
month

NO YES

Nurse 006 Senior 
Nursing 
Officer

F14 40 Female 2012 YES YES YES YES Pediatric BNSC This month 1-10 patients / 
month

NO YES

Nurse 007 Nursing F07 56 Female 2000 YES NO NO NO Out Patient 
Department

BNS 
Psychology

1 mo - 1 year 1-10 patients / 
month

NO YES

Nurse 008 Chief 
Nursing 
Officer

F07 54 Female 1990 YES NO NO NO Nursing RN, RM 1 mo - 1 year 1-10 patients / 
month

YES NO

Nurse 009 Nursing F04 31 Male 2020 YES NO NO NO Emergency RN, RM, BNSC This month 21-30 patients 
/ month

NO YES

Nurse 010 Nursing F12 34 Male 2013 NO NO NO NO Emergency Registered 
A&E Nurse

This month 11-20 patients 
/ month

NO YES

Nurse 011 Nursing F12 32 Male 2010 YES NO NO NO Pediatric 
Emergency

RN This month 11-20 patients 
/ month

YES YES
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Current work shifts Past oxygen experience
Participant 
ID 

Job Title Facility  
ID

Age Gender Year 
started 
work

Week- 
day 
Day

Week- 
day 
Night

Week- 
end 
day

Week- 
end 
night

Department Certifications Concentrator 
Most Recent 
Use

Concentrator 
Frequency

Piped Cylinder

Nurse 012 Nursing F03 28 Male 2018 YES NO YES NO Amenity RN This month 1-10 patients 
/ month

NO YES

Nurse 013 Senior 
Nursing 
Officer

F09 59 Female 1980 YES YES YES YES Children 
and 
Neonatal

RN, RM This month 1-10 patients 
/ month

NO YES

Nurse 014 Nursing F02 42 Female 2018 YES NO NO NO Maternity HND This month 1-10 patients 
/ month

NO YES

Nurse 015 Staff 
Nurse

F10 25 Female 2018 YES YES YES YES Nursing Diploma in 
Nursing, RN

This month 1-10 patients 
/ month

NO NO

Nurse 016* Staff 
Nurse

F10 38 Female 2012 NO NO NO NO CHEW N/A This month 1-10 patients 
/ month

NO NO

*Some data was collected, but ultimately NOt included in the analysis because Nurse 016 was a community health extension worker, NOt a nurse.

Table 16: (continued)
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Current work shifts Past oxygen experience
Participant 
ID 

Job Title Facility  
ID

Age Gender Year 
started 
work

Week- 
day 
Day

Week- 
day 
Night

Week- 
end 
day

Week- 
end 
night

Department Certifications Concentrator 
Most Recent 
Use

Concentrator 
Frequency

Piped Cylinder

KY_003_N Nursing 
Officer 

F15 35 Female 2008 YES NO NO NO Rotating Diploma 1 mo - 1 year 1-10 patients 
/ month

NO YES

KY_004_N Nursing 
Officer

F15 38 Male 2016 YES NO NO NO Maternity Diploma This month 1-10 patients 
/ month

YES YES

KY_005_N Registered 
Nurse

F15 34 Male 2009 YES NO NO NO Nursing Diploma 1 mo - 1 year 1-10 patients 
/ month

NO YES

KY_006_N Registered 
Nurse III

F15 27 Male 2019 YES NO YES NO Out Patient Registered 
Community 
Health Nurse

1 mo - 1 year 1-10 patients 
/ month

YES YES

ML_001_N Nursing 
Officer III

F17 33 Female 2016 YES YES YES YES Accident 
and 
Emergency

Diploma This month > 30 patients 
/ month

YES YES

ML_002_N Chief 
Nursing 
officer

F17 46 Female 2001 NO YES NO YES Pediatric Degree This month 1-10 patients 
/ month

YES YES

ML_003_N Registered 
Nurse

F17 41 Female 2005 YES NO NO NO Pediatric RN / BCHD > 1 year 11-20 
patients / 
month

YES YES

ML_004_N Senior 
Nursing 
Officer

F17 40 Female 2004 YES YES YES YES New Born 
Unit

Registered 
Paediatric 
Nurse

This month 1-10 patients 
/ month

YES YES

MT_001_N Maternity 
In Charge

F16 44 Female 2007 YES NO NO NO Maternity KRCHN 1 mo - 1 year 1-10 patients 
/ month

NO YES

MT_002_N Nursing 
Officer II

F16 39 Female 2012 YES NO NO NO Out Patient Degree 1 mo - 1 year 1-10 patients 
/ month

NO YES

MT_003_N Nursing 
Officer II

F16 35 Female 2012 YES NO NO NO Maternity RN 1 mo - 1 year 1-10 patients 
/ month

YES YES

Table 17: Nurse participant demographics, Kenya.
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Table 18: Biomedical engineer and biomedical engineering technician participant demographics, Nigeria.

Current work shifts Past oxygen repair/maintenance experience
Participant 
ID 

Job 
Title

Facility  
ID

Age Gender Year 
started 
work

Week- 
day 
Day

Week- 
day 
Night

Week- 
end 
day

Week- 
end 
night

Department Certifications Last time you 
repaired/
maintained a 
concentrator

Personal 
frequency of 
Concentrator 
repair/
maintenance 

Piped Cylinder

BME(T) 001 BMET F06 40 Male 2001 YES NO NO NO Maintenance 
and 
Biomedical 
Engineering

HND 1 mo - 1 year 1-10 patients 
/ month

NO NO

BME(T) 002 BMET F07 42 Male 2003 YES NO NO NO Maintenance 
and 
Biomedical 
Engineering

ND This month 1-10 patients 
/ month

YES YES

BME(T) 003 BMET F11 30 Male 2012 YES NO NO NO Maintenance Diploma This month 1-10 patients 
/ month

NO NO

BME(T) 004 BMET F14 46 Male 2013 YES YES NO NO Works 
(Biomedical 
unit)

HND This month 1-10 patients 
/ month

NO YES

BME(T) 005 BMET F12 37 Male 2010 YES YES YES YES Works and 
Maintenance

Diploma 
BME, N.D. 
Electrical/
Electronic, 
BSc 
Community 
Health 
Scientist 

This month 1-10 patients 
/ month

NO YES

BME(T) 006 BMET F13 35 Male 2019 YES NO YES NO Biomedical HND This month 1-10 patients 
/ month

NO NO
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Current work shifts Past oxygen repair/maintenance experience
Participant 
ID 

Job 
Title

Facility  
ID

Age Gender Year 
started 
work

Week- 
day 
Day

Week- 
day 
Night

Week- 
end 
day

Week- 
end 
night

Department Certifications Last time you 
repaired/
maintained a 
concentrator

Personal 
frequency of 
Concentrator 
repair/
maintenance 

Piped Cylinder

BME(T) 007 BMET F05 51 Male 1998 YES NO NO NO Electrical Electrical 
Installation 
and repair 
certification

1 mo - 1 year 1-10 patients 
/ month

NO TRUE

BME(T)  
008

BMET F08 59 Female 1990 YES NO YES NO Maintenance 
and 
Biomedical 
Engineering

ND 1 mo - 1 year 1-10 patients 
/ month

NO TRUE

BME(T)  
009

BMET F13 47 Male 1998 YES YES YES YES Biomedical HND, PGD, 
BSc, COREN, 
BLSC

This month 21-30 
patients / 
month

TRUE TRUE

BME(T) 010 BMET F13 58 Male 1989 YES YES YES YES Biomedical/
Work

BSc Eng., BSc 
(Computer/
Electronic), 
MSc 
(Computer 
Sci.)

This month 1-10 patients 
/ month

TRUE TRUE

BME(T)  
011

BMET F13 33 Male 2009 YES YES YES YES Biomedical HND, 
Diploma, 
Certificate

This month 11-20 
patients / 
month

TRUE TRUE

Table 18: (continued)
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Table 19: Biomedical engineer and biomedical engineering technician participant demographics, Kenya.

Current work shifts Past oxygen repair/maintenance experience
Participant 
ID 

Job Title Facility  
ID

Age Gender Year 
started 
work

Week- 
day 
Day

Week- 
day 
Night

Week- 
end 
day

Week- 
end 
night

Department Certifications Last 
time you 
repaired/
maintained a 
concentrator

Personal 
frequency of 
Concentrator 
repair/
maintenance 

Piped Cylinder

KY_001_B Biomechanical 
Engineering 
Technician

F15 37 Male 2011 YES NO NO NO Maintenance Diploma 1 mo - 1 year 1-10 patients 
/ month

NO NO

KY_002_B Biomechanical 
Engineering 
Technician

F15 32 Female 2011 YES NO NO NO Maintenance Diploma 1 mo - 1 year 1-10 patients 
/ month

NO YES

ML_005_B Biomechanical 
Engineering 
Technician

F17 38 Female 2011 YES YES YES YES Maintenance Certificate 1 mo - 1 year 11-20 
patients / 
month

YES YES

ML_006_B Biomechanical 
Engineering 
Technician

F17 33 Female 2021 YES NO NO NO Maintenance Diploma 1 mo - 1 year 1-10 patients 
/ month

NO YES

MT_004_B Biomechanical 
Engineering 
Technician

F16 36 Female 2011 NO NO NO NO Maintenance Higher 
Diploma 

> 1 year 1-10 patients 
/ month

YES YES

MT_005_B Biomechanical 
Engineering 
Technician

F16 28 Female 2016 YES NO NO NO Maintenance Diploma 1 mo - 1 year 1-10 patients 
/ month

YES YES
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Appendix B:  
Results of Simulated Use Scenarios

The following are the results of all simulated use scenarios performed, grouped as relevant to the 
opportunity areas. Each task within the simulated use scenario was scored according to the rubric in Table 
20.

Table 20: Simulated use scenario task scoring.

Score Description

 Pass Participant performed the task correctly.

 Close Call Participant came close to making an error. For example, taking a long time to complete 
the task, verbalizing incorrect ideas of how to perform the task, or performing it 
incorrectly, but then correcting it without external assistance.

 Use Error Participant did not perform the task correctly. 

 N/A Participant did not have the opportunity to perform the task. Examples include if a 
participant leaves early before completing all activities, or when a participant doesn’t 
perform the prior tasks making it impossible to perform the current task to be scored.

Opportunity C-01: Intuitive Multi-Flow Control

Figure 60: Results of scenarios 8N and 8B, dual flow setting exceeds concentrator capacity.

Number of participants

Nurses NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - Longfian Jay-10, Dual Flow

BME (T)s NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - Longfian Jay-10, Dual Flow

Figure 60: Results of scenarios 8N and 8B, dual flow setting exceeds concentrator capacity. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N = 15
N = 11

N = 5
N = 6

Pass Error N/AClose call

CC BY-SA 4.0 Spark Health Design
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Opportunity C-02: Display and Labelling for Nurses

Figure 61: Results of scenario 1N; tasks focused on interpreting display during concentrator setup with nurse participants.

Figure 62: Results of concentrator troubleshooting scenarios 2N, 3N, and 7N with nurse participants. 

Opportunity C-03: More Durable Concentrator

None

Number of participants

Scenario 1N
Interpreting the 
indicator light

NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - AirSep NewLife Intensity 10

Scenario 1N
Understanding 
Warm-up

NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - AirSep NewLife Intensity 10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N = 15
N = 11

N = 15
N = 11

Pass Error N/AClose call

CC BY-SA 4.0 Spark Health Design

Figure 61: Results of scenario 1N; tasks focused on interpreting display during concentrator setup with 
nurse participants. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Scenario 2n
Cannula tube 
pinched with clip

NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - AirSep NewLife Intensity 10

Scenario 3n
Unplugged concentrator
(Power interruption)

NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - AirSep NewLife Intensity 10

Scenario 7n
Leak between humifdifier 
bottle top and bottom 
due to cross threading 

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

KENYA - Longfian Jay-10 Dual Flow

Number of participants

Pass

N = 15
N = 11

N = 15
N = 11

N = 15
N = 9
N = 2

Error

CC BY-SA 4.0 Spark Health Design

Figure 62: Results of concentrator troubleshooting scenarios 2N, 3N, and 7N with nurse participants.  
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Opportunity C-04: Compatible with Power in LMICs

Figure 63: Results of concentrator troubleshooting scenarios 11N (nurses) and 11B (BME(T)) to identify the external power 
stabiliser device is switched off.

Opportunity C-05: Nurse-Maintained in a Dusty Environment
None

Opportunity C-06: Prompt BME(T) Internal Filter Changes
None

Opportunity C-07: Malfunction-Specific Information for Repair

Figure 64: Results of concentrator troubleshooting scenarios 1B, 2B, 3B, and 7B with BME(T) participants.

Number of participants

Nurses NIGERIA - Nidek Nuvo 10

BME(T)s NIGERIA - Nidek Nuvo 10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N = 15

N = 5

CC BY-SA 4.0 Spark Health Design

Figure 63: Results of concentrator troubleshooting scenarios 11N (nurses) and 11B (BME(T)) to 
identify the external power stabiliser device is switched off.

Pass Error

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

Pass ErrorClose call

Number of participants

Scenario 3B
Unplugged concentrator
(Power interruption)

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

Scenario 7B
Leak between humidifier
bottle top and bottom due 
to cross threading

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

0 1 2 3 4 5 6

N = 5
N = 6

N = 5
N = 6

Scenario 1B
Measure oxygen 
output with analyzer

Scenario 2B
Cannula tube pinched
with clip

N = 5
N = 6

N = 5
N = 6

CC BY-SA 4.0 Spark Health Design

Figure 64: Results of concentrator troubleshooting scenarios 1B, 2B, 3B, and 7B with BME(T) participants. 
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Figure 65: Results of simulated use scenarios with BME(T)s; tasks focused on interpreting the display.

Figure 66: Results of troubleshooting knowledge questions with BME(T)s.

Opportunity C-08: Easy to Repair Parts with Basic Tools
None

0 1 2 3 4 5 6 7 8 9 10 11

Scenario 1B
Interpreting the indicator 
light

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

Scenario 1B
Understanding warm-up

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

Part 6
Identifying the hour meter 

NIGERIA - Nidek Nuvo 10
NIGERIA - Canta V8-WN-NS, Dual Flow

KENYA - AirSep NewLife Intensity 10
KENYA - Longfian Jay-10 Dual Flow

Number of participants

N = 5
N = 6

N = 5
N = 6

N = 11
N = 11
N = 6
N = 6

Pass Error N/AClose call

Figure 65: Results of simulated use scenarios with BME(T)s; tasks focused on interpreting the display. 

CC BY-SA 4.0 Spark Health Design

NIGERIA
KENYA

NIGERIA
KENYA

Pass ErrorClose call

Number of participants

Knowledge question 14B
Concentrator starting &
stopping due to faulty 
thermal regulator

NIGERIA
KENYA

0 1 2 3 4 5 6

N = 5
N = 6

Knowledge question 12B
Troubleshooting system
fault alarm

Knowledge question 13B
Vibrating concentrator
means loose compressor

N = 5
N = 6

N = 5
N = 6

CC BY-SA 4.0 Spark Health Design

Figure 66: Results of troubleshooting knowledge questions with BME(T)s.
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Opportunity F-01: Convey Flow In = Flow Out

Figure 67: Results of flow splitter simulated use scenarios with Nurses.

Figure 68: Results of flow splitter simulated use scenarios with BME(T)s. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Scenario 4n
No concentrator flow
to flow splitter

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

Scenario 5n
Add a patient to flow
splitter w/ hose leak

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

KENYA - Longfian Jay-10 Dual Flow

Scenario 6n
Discontinue therapy for
one patient on flow splitter

Scenario 9n
Add a patient to flow
splitter

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

KENYA - Longfian Jay-10 Dual Flow

NIGERIA - Nidek Nuvo 10

Number of participants

N = 15
N = 11

N = 15

N = 15
N = 9
N = 2

N = 15
N = 9
N = 2

CC BY-SA 4.0 Spark Health Design

Figure 67: Results of flow splitter simulated use scenarios with Nurses.

Pass ErrorClose call

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

Pass ErrorClose call

Number of participants

Scenario 9N
Add a patient to 
flow splitter

NIGERIA - Nidek Nuvo 10

0 1 2 3 4 5 6

N = 5

Scenario 4N
No concentrator flow
to flow splitter

Scenario 5N
Add a patient to flow
splitter w/ hose leak

N = 5
N = 6

N = 5
N = 6

CC BY-SA 4.0 Spark Health Design

Figure 68: Results of flow splitter simulated use scenarios with BME(T)s. 
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Opportunity H-01: Hard-to-Use-Wrong Humidifier Bottle

Figure 69: Results of simulated use scenarios with humidifier use and troubleshooting by nurses. 

Opportunity H-02: From Semi-Disposable to a Reusable
None

Opportunity H-03: Prompt to Change Water and Disinfect

Figure 70: Results of simulated use scenario 1N task to change humidifier bottle water during setup by nurses.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Scenario 1n
Attach humidifier 
to concentrator

NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - AirSep NewLife Intensity 10

Scenario 7n
Leak between humidifier
bottle top and bottom 
due to cross threading

NIGERIA - Nidek Nuvo 10
KENYA - AirSep NewLife Intensity 10

KENYA - Longfian Jay-10 Dual Flow

Number of participants

N = 15
N = 11

N = 15
N = 9
N = 2

CC BY-SA 4.0 Spark Health Design

Figure 69: Results of simulated use scenarios with humidifier use and troubleshooting by nurses. 

Pass ErrorClose call

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

NIGERIA - Canta V8-WN-NS, Dual Flow
KENYA - AirSep NewLife Intensity 10

Number of participants

N = 15
N = 11

CC BY-SA 4.0 Spark Health Design

Figure 70: Results of simulated use scenario 1N task to change humidifier bottle water during setup by nurses.

Pass ErrorClose call
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Appendix C: Oxygen Concentrator 
Use-Related Risk Analysis 

Scope
This use-related risk analysis (URRA) considers the potential use errors in using an oxygen concentrator 
to serve patients in neonatal, paediatric, and adult departments in healthcare facilities in low and middle-
income countries (LMICs). A URRA is part of the ISO 14971 risk management process required for regulatory 
approval in the EU, with the US FDA, and with many other country regulatory approval bodies. Loring Human 
Factors created this URRA in collaboration with Spark Health Design. Our goal is to provide an example of 
such an analysis to provide manufacturers a starting point and a blueprint for conducting a URRA for their 
own devices. Manufacturers and innovators who do not have prior experience with usability engineering 
should ideally work with an experienced usability engineering professional. Such experts can either perform 
the necessary usability engineering work or advise the manufacturer’s team in completing the work.

Approach
Normally a URRA would consider a single brand and model of device. In this case, we worked with the Drive 
DeVilbiss 10L concentrator as a starting point. The Drive DeVilbiss 10L was selected because it was listed in 
the 2021 UNICEF Supply Catalogue as being used successfully in under-resourced  healthcare facilities and 
because it was available locally to Spark Health Design in the U.S. The initial analysis was used to inform 
the selection of simulated use scenarios included in the human-centered design and usability evaluation 
conducted in Nigeria and Kenya in 2022. Although manufacturers must include all critical tasks in usability 
validation testing, we selected a subset of critical tasks to test to allow additional time to engage participants 
in understanding their firsthand experiences with concentrators. In particular, we did not include use 
scenarios or knowledge questions related to the list of dangers and warnings in the instructions for use. After 
the evaluation, we updated the URRA based on additional use errors we observed or learned about through 
the simulated use scenarios, contextual inquiry, and interviews. We also added some tasks and use errors 
related to the four oxygen concentrators used in the evaluation; Nidek Nuvo 10 and Canta 8L Dual Flow in 
Nigeria, and AirSep NewLife Intensity 10 and Longfian Jay-10 Dual Flow in Kenya. For example, tasks include 
attaching a bubble humidifier bottle to a threaded oxygen outlet as well as attaching a bubble humidifier 
bottle to a tube-ready oxygen outlet.

Process
All URRA analyses begin by completing a task analysis listing all of the steps a user must take to use the 
device. The next step is to identify the potential use errors for each task and resulting hazardous situations 
that could arise. We engaged experienced clinicians, oxygen service providers, trainers, and biomedical 
engineers at Oxygen for Life Initiative and Center for Public Health and Development to generate the list of 
possible use errors and understand how various oxygen concentrators would respond to the use errors. 
Then we identified the potential harms to patients, users, and bystanders and their severity, listed in Table 
21. We used an industry standard rubric to assign the severity of harms, shown in Table 22. We conducted 
a clinical review of harms and severities with physicians from Oxygen for Life Initiative. All tasks with a harm 
severity level of three or higher are considered critical tasks. All critical tasks must be tested in usability 
validation testing to gather evidence that the manufacturer has mitigated use-related risks as far as possible.
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Table 21: Harms associated with use errors in using oxygen concentrators and their associated URRA risk levels.

Harm Characteristics of Harm Harm Severity URRA Risk Level Critical Task* [Y/N]

Burn: Major Oxygen catches on fire 5 High Y

Burn: Minor Device becomes excessively hot 3 Medium Y

Delay of therapy: Minor 3 minute delay or less** 2 Medium/Low N

Delay of therapy: Major more than a 3 minute delay** 5 High Y

Disease transmission Bacteria, viruses, or fungi from previous patient or other ill 
people in the facility leading to patient infection

5 High Y

Dissatisfaction Frustrating user experience 1 Low N

Electric Shock: Major Death 5 High Y

Electric Shock: Medium Injury requiring medical attention 4 Medium/High Y

Electric Shock: Minor Minor injury 3 Medium Y

Infection Contamination by environmental particulates leading to 
patient infection

5 High Y

SpO2 too high: Major Blindness in newborns 4 Medium/High Y

SpO2 too high: Minor Limited effect 1 Low N

SpO2 too low: Major Death 5 High Y

SpO2 too low: Minor Limited effect 1 Low N

Burn: Major Oxygen catches on fire 5 High Y

Burn: Minor Device becomes excessively hot 3 Medium Y

Damage to property: Minor Damage is not life threatening 2 Medium N

Physical Trauma: Major Death 5 High Y

Physical Trauma: Medium Injury requiring medical attention 3 Medium Y

Physical Trauma: Minor Minor injury 2 Medium/Low N

Sudden cessation of oxygen therapy Death, assuming no alternate O2 source 5 High Y

*All critical tasks with harms at a URRA risk level of 3 or higher are critical tasks that must be included in summative / validation usability testing.
** Delay of three minutes estimated considering a worst case patient condition in the context of an LMIC healthcare facility. Note, compared to high resource 
environments, patients often present with more severe needs by the time they reach the healthcare facility due to a variety of other delays in care. 
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Table 22: Definition of harms, their risk levels, and severity rankings.

Definition of Effect of Harm URRA Risk Level
Severity 
Ranking

Inconvenience or temporary discomfort. Low 1

Temporary injury or impairment, not requiring professional 
medical intervention to preclude permanent impairment of 
body function or body structure.

Medium/Low 2

Harm requiring professional medical intervention to preclude 
permanent impairment of body function or body structure

Medium 3

Harm resulting in permanent impairment or life threatening 
injury. 

Medium/High 4

Harm resulting in death. High 5

Note, alarms and warnings are defined as labelling. 
Labelling is generally considered a mitigation. 
Labelling is not factored in when assessing the 
severity of the potential harm. For example, 
consider the use error in which the user places the 
concentrator air inlet such that it is blocked. This 
could lead to insufficient air intake, an overheated 
compressor, and cessation of therapy. In an LMIC 
healthcare context, if there were no device alarm, 
this hazardous situation could lead to patient death. 
Oxygen may be used as a life-sustaining measure 
in healthcare settings. In addition, nurses in busy 
hospitals with low staff to patient ratios may not 
notice the device has ceased functioning. Further, 
most patients are not continuously monitored with 
pulse oximetry in LMICs, so we cannot depend 
on any alarm from a patient monitor. For such a 
scenario, even if the manufacturer has integrated 
an alarm into the device, the severity of harm is 
assessed without taking the device’s alarm into 
account. The manufacturer’s duty is then to test all 
critical tasks (all tasks with at least one use error that 
could lead to a harm severity level three and higher) 
in usability validation testing to provide evidence that 
the labelling mitigations such as alarms and warnings 
prevent use errors. 

To complete the URRA, manufacturers will also 
need to identify how each critical task will be tested. 
The preference is always to test using simulated 
use scenarios. If there is a critical task that cannot 
be tested safely and effectively in a use scenario, 
the manufacturer may be able to justify using a 
knowledge task. For example, knowledge tasks are 
commonly used to test reading comprehension of 
the warnings listed in the instructions for use such 

as the warning not to smoke near the concentrator. 
In addition, it is standard to include a column in the 
URRA listing all of the mitigations for each hazardous 
situation including any alarms, warning labelling on 
the device, and warnings in the instructions for use.

Use FMEA v. URRA
Another common method of identifying critical 
tasks is a use failure modes and effects analysis (use 
FMEA). The Use FMEA also takes into consideration 
the probability a hazardous situation will arise when 
determining critical tasks. Though a use FMEA is 
listed as a possible method for analysing use-related 
risks in the 2016 US FDA guidance Applying Human 
Factors and Usability Engineering to Medical Devices, 
the US FDA is moving toward URRA as a preference 
because assessing the probability of various hazards 
is subjective.

Assumptions
We used the following assumptions about the 
concentrator features in analysing the reaction of the 
oxygen concentrator to various use errors.

Assumed concentrator features:
 z An over temperature sensing system. The device 

is designed to shut itself down automatically 
when it is over temperature.

 z An oxygen purity sensor. The device is designed 
to continue supplying a flow of gas even when 
oxygen purity is at 82% or below.

 z Thorpe tube flow meter and flow controller, but 
without any orifice or other mechanism to limit 
the maximum flow setting.

 z A rocker power switch. The device will 
automatically start any time power is available 
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and the device power switch is set to “ON”. This 
means it will automatically resume after power 
interruptions if the switch is still in the “ON” 
position.

 z Casters on the bottom of the concentrator to 
enable rolling it.

 z An external cabinet filter, a compressor inlet 
filter, and a bacteria filter.

 z A fuse reset function.
 z A detachable power cable.
 z Includes tasks for threaded oxygen outlets and 

tube-ready oxygen outlets. For concentrators 
with threaded oxygen outlets, assumes a 
christmas tree adapter is included with each 
device so that it is considered part of the device 
and URRA.

While we received biomedical engineering advice 
regarding the likely malfunctions that could occur 
for each use error, we did not receive advice directly 
from each concentrator manufacturer. Though 
the general function of most stationary oxygen 
concentrators is very similar, manufacturers should 
engage their engineering design teams to identify 
the ways in which their device would uniquely 
respond to the listed use errors when performing 
their own use-related risk analysis. 

When evaluating the severity of possible harms 
using Table 22, we assumed that the device could 
be used at a health care centre where it is the only 
source of oxygen and that it may be used to sustain 
life. If the concentrator stops working, we assumed 
we cannot rely on an alternative source of oxygen. 
The severity of harms related to the device stopping 
providing therapy are higher than they would be if 
we assumed there was a backup source of oxygen 
to use, or if we assumed the use was not life-
sustaining. The manufacturer’s duty is to show the 
risk is mitigated as far as possible. In some cases, 
there may be ways to redesign the concentrator 
to prevent use errors. In others, labelling may be 
the only way to reduce the incidence of such use 
errors. There may be some cases where there is no 
way to design the technology to prevent the use 
error and even labelling cannot mitigate the risk 
completely, which would require an explanation 
from the manufacturer as to why they feel the risk 
is still mitigated as far as possible despite use errors 
still occurring. When creating the use-related risk 
analyses for their products, manufacturers should 
consider their intended contexts of use and rate the 

severity of harms accordingly with advice from a 
qualified medical professional.

Due to lower rates of care seeking behavior, 
difficulty in finding transportation to get to farflung 
healthcare centres, and long waits at overcrowded 
facilities with low staff to patient ratios, patients 
presenting with the need for oxygen therapy may 
have a more severe and urgent health condition 
than patients presenting at healthcare settings in 
high resource settings. A delay in intiating oxygen 
therapy due to use errors while setting up the 
oxygen concentrator can have severe consequences 
in healthcare settings in LMICs. Multiple nurse 
participants mentioned the importance of designing 
oxygen concentrators to be quick to set up for 
patients in urgent need of oxygen. Accordingly, 
on the list of harms in Table 22, delay in initiating 
oxygen therapy has been translated into two 
statuses; low risk level for delay of TBD minutes or 
less, and high risk level for delay of TBD minutes or 
longer. 

In considering the barriers to using the device, our 
experience is that many healthcare professionals 
do not use a device if they are unsure how to use it. 
This use-related risk analysis considers several use 
errors that could lead to the healthcare professional 
not using the device. Even in the case that the 
oxygen concentrator is the only source of oxygen 
therapy, we have observed many cases in which 
healthcare professionals prefer not to use the 
device at all rather than risk using the device in a 
way that they perceive is not optimal or might harm 
the patient. For example, when humidified oxygen is 
preferable or when it has been prescribed, a broken 
humidifier bottle was a significant barrier to many 
healthcare professionals leading to not using the 
concentrator.

Although we cannot assume continuous patient 
monitoring in LMICs, we did assume healthcare 
professionals perform twice daily spot checks using 
pulse oximeters or by observing clinical signs of 
respiratory distress or signs of deterioration. The 
World Health Organization (2016) indicates, in most 
under-resourced hospitals, the most appropriate 
way to monitor children is by regular (at least twice 
a day) pulse oximetry. Where pulse oximetry is not 
available, clinical signs may provide useful criteria 
for deciding whether to provide oxygen.
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Limitations
 z Different user interfaces may lead to different 

use errors. Manufacturers should gather 
preliminary user feedback about their 
user interface through formative usability 
evaluations to consider any use errors unique 
to their device not listed in this URRA. 

 z The list of use errors provided here may also 
not apply to all concentrators; some of the 
use errors listed may not be possible in some 
concentrator designs.

 z We did not evaluate the use of oxygen 
concentrators with devices such as ventilators 
or anaesthesia machines. Nor did we evaluate 
the use of oxygen concentrators in the surgical 
setting. Oxygen concentrators are used in 
some of these settings in LMICs. Manufacturers 
should consider researching these additional 
use cases. 
 y Accessories commonly used with oxygen 

concentrators were not included in this 
concentrator URRA, with the exception of 
the christmas tree adaptor, also known 
as oxygen outlet connector, included 
with the device. Any accessory included 
with the device is the responsibility of the 
manufacturer. This URRA considers the 
role of the concentrator in accommodating 
bubble humidifier bottles, nasal canulae, 
masks, and oxygen tubing not included 
with the device, but it does not consider 
the other tasks and potential use errors 
of using these oxygen therapy accessories 
that are outside their physical interaction 
with concentrators. For example, this URRA 
includes the task of attaching a bubble 
humidifier bottle to the concentrator which 
involves compatibility of the concentrator 
outlet with humidifier bottles. However, the 
URRA does not consider the task of changing 
the water in a bubble humidifier bottle which 
concerns only the humidifier bottle. All of 
these accessories are considered separate 
medical devices which each warrant their 
own use-related risk analysis by their 
manufacturers. 

Use-related risk analysis
Table 23 shows the use-related risk analysis, 
updated based on our findings in this evaluation.
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Table 23: Oxygen concentrator use-related risk analysis. 

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Remove 
from box

1 BME(T)s 1.1 Open box 
and remove 
device

Use a sharp object to 
open the box

Damage to device Delay of 
therapy: Major 

High 5 Y

Drop the device Damage to device Delay of 
therapy: Major 

High 5

Position 2 BME(T)s, 
Nurses, 
Attendants

2.1 Position near 
power outlet

Position device too far 
from outlet

Cannot plug device into 
socket

Delay of 
therapy: Minor

Medium/Low 2 Y

Power cord poses 
tripping hazard in order 
to reach the outlet; a 
person trips over the 
power cord

Physical 
Trauma: Major

High 5

BME(T)s, 
Nurses, 
Attendants

2.2 Position near 
patient

Position device too far 
from patient requiring 
a tube longer than 30m 
with flows up to 5 LPM

Flow rate at patient lower 
than concentrator setting

SpO2 too low: 
Major

High 5 Y

Position device too far 
from patient requiring a 
tube longer than 6m with 
flows up 5-10LPM

Flow rate at patient lower 
than concentrator setting

SpO2 too low: 
Major

High 5 Y

BME(T)s, 
Nurses, 
Attendants

2.3 Position air 
inlet away 
from drapes 
and walls

Position air inlet too close 
to drapes or walls

Insufficient air intake; 
hot external surfaces; 
user touches the surface 
briefly

Burn: Minor Medium 3 Y

Insufficient air intake; 
compressor overheating; 
cessation of therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Insufficient air intake; 
oxygen purity < 83%

SpO2 too low: 
Major

High 5

Position with air inlet 
toward open room

Particulates collect 
quickly blocking air inlet; 
hot external surfaces; 
user touches the surface 
briefly

Burn: Minor Medium 3

Particulates collect 
quickly blocking air inlet; 
compressor overheating; 
cessation of therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Particulates collect 
quickly blocking air inlet; 
oxygen purity < 83%

SpO2 too low: 
Major

High 5

BME(T)s, 
Nurses, 
Attendants

2.4 Position in 
environment 
low in 
airborne 
pollutants or 
fumes

Position device in an 
environment with 
high levels of airborne 
pollutants or fumes

Concentrator delivers 
concentrated pollutants 
to patient lungs

Physical 
Trauma: Major

High 5 Y

Oxygen purity < 83% SpO2 too low: 
Major

High 5

BME(T)s, 
Nurses, 
Attendants

2.5 Position on a 
flat surface

Position device on a 
slanted surface

Device rolls away and has 
a collision; damage to 
device

Delay of 
therapy: Major 

High 5 Y

Device rolls away during 
patient therapy; patient 
disconnected

Sudden 
cessation 
of oxygen 
therapy

High 5

Thorpe tube flow meter 
not accurate when 
slanted; actual flow 
output higher than flow 
reading on meter

SpO2 too high: 
Minor

Low 1

Position device on an 
uneven surface

Device tips over; damage 
to device

Delay of 
therapy: Major 

High 5

Device tips over during 
patient therapy; patient 
disconnected

Sudden 
cessation 
of oxygen 
therapy

High 5

BME(T)s, 
Nurses, 
Attendants

2.6 Position in 
environment 
within 
indicated 
operating 
temperatures

Position in an 
environment warmer 
than recommended 
operating temperatures

Hot external surfaces; 
user touches the surface 
briefly

Burn: Minor Medium 3 Y

Compressor overheating; 
cessation of therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Oxygen purity < 83% SpO2 too low: 
Major

High 5
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Table 23: (continued) 

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Position 2 BME(T)s, 
Nurses, 
Attendants

2.7 Position in 
environment 
within 
indicated 
range of 
operating 
humidity

Position in an 
environment with higher 
than indicated humidity

Sieve beds no longer 
function adequately; 
oxygen purity < 83%

SpO2 too low: 
Major

High 5 Y

BME(T)s, 
Nurses, 
Attendants

2.8 Position in an 
environment 
below 
indicated max 
altitude

Position in an 
environment above 
indicated max altitude

Oxygen purity < 83% SpO2 too low: 
Major

High 5 Y

Connect to 
power

3 BME(T)s, 
Nurses, 
Attendants

3.1 Release 
power cable

Takes time to release Delay in plugging device 
into socket

Delay of 
therapy: Minor

Medium/Low 2 N

BME(T)s, 
Nurses, 
Attendants

3.2 Plug power 
cord to power 
outlet on 
concentrator

Power cord partially 
plugged into power outlet 
on concentrator

User touches the cord 
when it has power 

Electric Shock: 
Minor

Medium 3 Y

BME(T)s, 
Nurses, 
Attendants

3.3 Check that 
the power 
switch is 
in the off 
position 
before 
connecting to 
power

Does check that the 
power switch is OFF

Device connected to 
power while ON; User's 
hand is in contact with 
metal prongs on the plug 
while inserting it into 
outlet 

Electric Shock: 
Minor

Medium 3 Y

BME(T)s, 
Nurses, 
Attendants

3.4 Plug cord into 
power outlet

Plugs device into outlet 
that is connected to a 
switch such as a power 
stabiliser

Device will not power up 
because outlet switch is 
OFF

Delay of 
therapy: Minor

Medium/Low 2 Y

Outlet switch is turned 
off unexpectantly during 
therapy 

Sudden 
cessation 
of oxygen 
therapy

High 5

Power cord partially 
plugged into outlet

User touches the cord 
when it has power 

Electric Shock: 
Minor

Medium 3

Power cord placement is 
a tripping hazard

A person trips over the 
power cord

Physical 
Trauma: Major

High 5

Prepare 4 BME(T)s, 
Nurses, 
Attendants

4.1 Check cabinet 
air inlet vents 
are clean

Does not check that air 
inlet vents are clean

Vents are clogged; 
insufficient air intake; 
hot external surfaces; 
user touches the surface 
briefly

Burn: Minor Medium 3 Y

Vents are clogged; 
insufficient air intake; 
compressor overheating; 
cessation of therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Vents are clogged; 
insufficient air intake; 
oxygen purity < 83%

SpO2 too low: 
Major

High 5

BME(T)s, 
Nurses, 
Attendants

4.2 Connect 
christmas 
tree adapter 
to threaded 
concentrator 
outlet 

Christmas tree adapter 
is already connected to 
device and user thinks 
they are missing the part

User does not use device Delay of 
therapy: Major 

High 5 Y

Tries to attach 
tubing directly to the 
Concentrator outlet 
without christmas tree 
adapter

Tubing too small 
diameter to attach to 
oxygen outlet; user does 
not use device

Delay of 
therapy: Major 

High 5

Does not attach christmas 
tree adapter tightly 
enough

Oxygen leakage;  flow 
rate at patient lower than 
setting on concentrator

SpO2 too low: 
Major

High 5

Christmas tree adapter 
falls off during oxygen 
therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Cross-threads christmas 
tree adapter, damaging 
oxygen outlet threads or 
christmas tree adapter 
threads

Oxygen leakage;  flow 
rate at patient lower than 
setting on concentrator

SpO2 too low: 
Major

High 5

Christmas tree adapter 
falls off during oxygen 
therapy

Sudden 
cessation 
of oxygen 
therapy

High 5
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Table 23: (continued). 

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Prepare 4 BME(T)s, 
Nurses, 
Attendants

4.3 Remove 
christmas 
tree adapter 
from 
threaded 
concentra- 
tor outlet

Attached christmas tree 
adapter too tight

User cannot remove it; 
cannot attach bubble 
humidifier bottle; device 
not used

Delay of 
therapy: Major

High 5 Y

User cannot remove it; 
cannot attach bubble 
humidifier bottle; therapy 
without humid- ifier; 
airway obstruction due to 
dry airway

Sudden cessa- 
tion of oxygen 
therapy

High 5

BME(T)s, 
Nurses, 
Attendants

4.4 Connect 
bubble 
humidifier 
bottle to 
threaded 
concentrator 
outlet

No bubble humidifier 
bottle available

Device not used Delay of 
therapy: Major 

High 5 Y

Therapy without 
humidifier; over the long 
term airway obstruction 
due to dry airway

Sudden 
cessation 
of oxygen 
therapy

High 5

Uses tube to connect 
from christmas tree 
adapter to humidifier 
bottle

Leaky connection to 
humidifier bottle;  flow 
rate at patient lower than 
setting on concentrator

SpO2 too low: 
Major

High 5

Humidifier bottle falls off Sudden 
cessation 
of oxygen 
therapy

High 5

Does not attach 
humidifier bottle tightly 
enough

Leaky connection to 
humidifier bottle;  flow 
rate at patient lower than 
setting on concentrator

SpO2 too low: 
Major

High 5

Humidifier bottle falls off Sudden 
cessation 
of oxygen 
therapy

High 5

Humidifier bottle 
attached too tight

Bottle damaged during 
removal; device not used

Delay of 
therapy: Major 

High 5

Bottle can't be removed; 
humidifier bottle water 
not changed and bottle 
not disinfected regularly

Infection High 5

Bottle can't be removed; 
used with multiple 
patients with respiratory 
infections 

Disease 
transmission

High 5

Cross-threads humidifier 
bottle, damaging oxygen 
outlet or bottle threads

Leaky connection to 
humidifier bottle & future 
leaky connection with 
any bottle or christmas 
tree adapter;  flow rate at 
patient lower than setting 
on concentrator

SpO2 too low: 
Major

High 5

Humidifier bottle falls off Sudden 
cessation 
of oxygen 
therapy

High 5

Selects bubble humidifier 
bottle with safety valve 
pressure too low for high 
flow concentrator

Humidifier bottle safety 
valve is often triggered

Dissatisfaction Low 1

Humidifier bottle safety 
valve is often triggered; 
device not used

Delay of 
therapy: Major 

High 5

Selects bubble humidifier 
bottle with safety valve 
pressure too high for low 
flow concentrator

Humdifier bottle safety 
valve is not triggered 
during external flow 
obstruction; pressure 
builds in concentrator; 
damage to device

Sudden 
cessation 
of oxygen 
therapy

High 5
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Prepare 4 BME(T)s, 
Nurses, 
Attendants

4.5 Connect 
bubble 
humidifier 
bottle to 
tube-ready 

Loose connection Leaky connection to 
humidifier bottle;  flow 
rate at patient lower than 
setting on concentrator 

SpO2 too low: 
Major

High 5 Y

Connecting tube diameter 
too large

Humidifier bottle not 
connected; device not 
used

Delay of 
therapy: Major 

High 5

Connecting tube diameter 
too small

Humidifier bottle not 
connected; device not 
used

Delay of 
therapy: Major 

High 5

Humidifier bottle not 
connected; therapy 
without humidifier; over 
the long term airway 
obstruction due to dry 
airway

Sudden 
cessation 
of oxygen 
therapy

High 5

Connecting tube is kinked 
or blocked

Flow obstructed when 
starting oxygen therapy 

Delay of 
therapy: Minor

Medium/Low 2

Flow becomes obstructed 
during oxygen therapy 

Sudden 
cessation 
of oxygen 
therapy

High 5

Try to attach christmas 
tree adapter to tube-
ready concentrator outlet

Will not connect; device 
not used

Delay of 
therapy: Major 

High 5

Nurses, 
Attendants

4.6 Connect 
patient 
oxygen 
tubing to 
tubing-
ready 
outlet, 
christmas 
tree 
adapter, or 
humidifier 
outlet

Improper connection Oxygen leakage;  flow 
rate at patient lower than 
setting on concentrator

SpO2 too low: 
Major

High 5 Y

Oxygen tubing diameter 
too big

Cannot connect; find 
other tubing

Delay of 
therapy: Minor

Medium/Low 2

Oxygen tubing diameter 
too small

Cannot connect; find 
other tubing

Delay of 
therapy: Minor

Medium/Low 2

Cannot connect; device 
not used

Delay of 
therapy: Major 

High 5

Flows above 6 LPM are 
desired, but cannula is 
rated to 6 LPM; only 6 
LPM oxygen provided

SpO2 too low: 
Major

High 5

Flows above 6 LPM are 
desired, but cannula is 
rated to 6 LPM; device 
senses obstruction; no 
oxygen therapy

Delay of 
therapy: Major 

High 5

Oxygen tubing is kinked 
or blocked

No oxygen during 
therapy initiation

Delay of 
therapy: Minor

Medium/Low 2

Sudden cessation of 
oxygen therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Drops tubing on the 
ground

Tubing is contaminated 
with particulates

Infection High 5

Tubing is contaminated 
with bacteria, viruses, or 
fungi

Disease 
transmission

High 5

Tubing is connected 
and sits in hospital 
environment on top of 
concentrator waiting for 
patient use

Tubing is contaminated 
with particulates

Infection High 5

Tubing is contaminated 
with bacteria, viruses, or 
fungi

Disease 
transmission

High 5

Connects oxygen tubing 
longer than 30m to 
tubing-ready concentrator 
outlet

Flow rate at patient 
lower than setting on 
concentrator

SpO2 too low: 
Major

High 5

Nurses 4.7 Put oxygen 
accessory 
on patient

This task has not been 
analyzed as it is related to 
the patient tubing design 
and not the concentrator 
design. This is also a 
normal part of clinical 
practice not unique to 
the use of an oxygen 
concentrator

N/A N/A N/A N/A N/A
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Table 23: (continued) 

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Start 
Oxygen 
Therapy

5 Nurses 5.1 Switch 
power ON

Does not switch power on Device not used Delay of 
therapy: Major 

High 5 Y

Power switched on 
accidentally when not 
connected to a patient 

Room air becomes high 
percentage oxygen; fire 
hazard 

Burn: Major High 5

Nurses 5.2 Wait to 
start using 
oxygen until 
oxygen 
purity level 
is medically 
effective 

User tries using oxygen 
during warm-up before 
target concentration is 
reached

Lower oxygen 
concentration delivered 
for up to 10 minutes

Delay of 
therapy: Minor

Medium/Low 2 Y

User believes something 
is wrong due to low 
purity alarm during 
warm-up and will not use 
concentrator

Device not used Delay of 
therapy: Major 

High 5

User believes something 
is wrong due to low 
purity alarm during 
warm-up and damages 
concentrator during 
troubleshooting

Damage to device Delay of 
therapy: Major 

High 5
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Start 
Oxygen 
Therapy

5 Nurses 5.3 Adjust the 
flow rate to 
intended 
setting / 
check that 
meter is at 
the desired 
flow rate

User does not check the 
meter

Flow rate actual setting 
lower than intended 
setting

SpO2 too low: 
Major

High 5 Y

Flow rate actual setting 
higher than intended 
setting (newborns)

SpO2 too high: 
Major

Medium/
High

4

User references top of 
ball in meter instead of 
center point

Flow rate actual setting 
slightly lower than 
intended setting

SpO2 too low: 
Minor

Low 1

User references bottom 
of ball in meter instead of 
center point

Flow rate actual setting 
slightly higher than 
intended setting

SpO2 too high: 
Minor

Low 1

User reads flow meter 
from a steep angle

Parallax reading error; 
flow rate actual setting 
lower than intended 
setting

SpO2 too low: 
Minor

Low 1

Flow meter knob falls off Cannot adjust flow rate; 
flow rate lower than 
intended setting

SpO2 too low: 
Major

High 5

Cannot adjust flow rate; 
flow rate lower than 
intended setting; device 
not used

Delay of 
therapy: Major 

High 5

Cannot adjust flow rate; 
flow rate higher than 
intended setting

SpO2 too high: 
Major

Medium/
High

4

Cannot adjust flow rate; 
flow rate higher than 
intended setting; device 
not used

Delay of 
therapy: Major 

High 5

HCP, patient, or other 
bystander changes flow 
rate accidentally (e.g., 
bumping into it)

Flow rate setting lower 
than intended setting

SpO2 too low: 
Major

High 5

Flow rate setting higher 
than intended setting 
(newborns)

SpO2 too high: 
Major

Medium/
High

4

Flow set beyond 
maximum on Thorpe tube 
flow meter

No markings on flow 
meter in this range; flow 
rate set slightly lower 
than intended flow rate 
setting

SpO2 too low: 
Minor

Low 1

No markings on flow 
meter in this range; flow 
rate set slightly higher 
than intended flow rate 
setting

SpO2 too high: 
Minor

Low 1

Thorpe tube flow 
controller knob is 
tightened past maximum 

Cannot adjust flow rate; 
flow rate setting higher 
than intended setting; 
device not used

Delay of 
therapy: Major 

High 5

Cannot adjust flow rate; 
flow rate setting higher 
than intended setting 
(newborns)

SpO2 too high: 
Major

Medium/
High

4

Thorpe tube flow 
controller knob is 
tightened at zero 

Cannot adjust flow rate; 
device not used

Delay of 
therapy: Major 

High 5

Flow meter set below 
minimum operating flow 
rate

No markings on flow 
meter in this range; flow 
rate set slightly higher 
than intended flow rate 
setting

SpO2 too high: 
Minor

Low 1

No markings on flow 
meter in this range; flow 
rate set slightly lower 
than intended flow rate 
setting

SpO2 too low: 
Minor

Low 1

(Dual flow devices) Set 
total flow rate to exceed 
device capacity

Turns Thorpe tube flow 
controller knob higher 
and higher; flow lower 
than intended setting as 
displayed on flow meters

SpO2 too low: 
Major

High 5

Turns Thorpe tube flow 
controller knob higher 
and higher; flow lower 
than desired as displayed 
on flow meters; device 
not used; 

Delay of 
therapy: Major 

High 5
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Table 23: (continued) 

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Start 
Oxygen 
Therapy

5 Nurses 5.4 Verify flow 
is coming 
out of 
oxygen 
tubing

Does not check flow Obstructed oxygen 
tubing not detected; 
actual flow rate lower 
than concentrator flow 
rate setting

SpO2 too low: 
Major

High 5 Y

Dunks cannula in caustic 
cleaning liquid to see if it 
bubbles

Harmful cleaning liquid in 
patient's airway

Physical 
Trauma: Major

High 5

Assess 
Oxygen 
Therapy 
Efficacy

6 Nurses 6.1 Periodically 
reassess 
efficacy 
of oxygen 
therapy

This task has not been 
analyzed as it is a normal 
part of clinical practice 
not unique to the use of 
an oxygen concentrator 
technology and not 
under the control of the 
manufacturer

N/A N/A N/A N/A N/A

Stop 
Oxygen 
Therapy

7 Nurses 7.1 Press the 
power 
switch to 
the OFF 
position

Power not turned off 
while stored in a small 
space

Room air becomes high 
percentage oxygen; fire 
hazard 

Burn: Major High 5 Y

Nurses 7.2 Remove 
oxygen 
accessory 
from 
patient

This task has not been 
analyzed as it is related to 
the patient tubing design 
and not the concentrator 
design. This is also a 
normal part of clinical 
practice not unique to 
the use of an oxygen 
concentrator.

N/A N/A N/A N/A N/A

Nurses & 
Attendants

7.3 Disconnect 
oxygen 
tubing from 
tubing-
ready 
outlet, 
christmas 
tree 
connector, 
or bubble 
humidifier 
bottle

Oxygen tubing not 
disconnected from 
christmas tree connector 
or bubble humidifier 
bottle

Contaminated tubing is 
used with a new patient

Disease 
transmission

High 5 Y

Prior tubing removed 
while initiating a new 
patient on oxygen 
therapy

Delay of 
therapy: Minor

Medium/Low 2

Damage humidifier bottle 
during oxygen tubing 
removal

Humidifier bottle leaks 
during future oxygen 
therapy; actual flow 
rate is lower than 
concentrator flow rate 
setting

SpO2 too low: 
Major

High 5

Humidifier bottle not 
usable; device not used

Delay of 
therapy: Major 

High 5

Humidifier bottle not 
usable; therapy without 
humidifier; over the long 
term airway obstruction 
due to dry airway

Sudden 
cessation 
of oxygen 
therapy

High 5

Nurses & 
Attendants

7.4 Disconnect 
bubble 
humidifier 
bottle

Humidifier bottle not 
disconnected

Humidifier bottle water 
not changed and bottle 
not disinfected regularly

Infection High 5 Y

Humidifier bottle shared 
between multiple 
patients with respiratory 
infections 

Disease 
transmission

High 5

Nurses, 
Attendants

7.5 Dispose 
patient 
oxygen 
tubing after 
use with 
one patient, 
or disinfect 
before 
further use

This step is not analyzed 
as it is related to the 
patient tubing design 
and not the concentrator 
design. This is also a 
normal part of clinical 
practice not unique to 
the use of an oxygen 
concentrator

N/A N/A N/A N/A N/A
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Table 23: (continued) 

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Reposition 8 BME(T)s, 
Nurses, 
Attendants

8.1 Disconnect 
from power

Attempts to move device 
while connected to power

Device tips over; damage 
to device

Delay of 
therapy: Major 

High 5 Y

Physical 
trauma: Minor

Medium/Low 2

Power cord damaged 
when pulled out of the 
wall

Delay of 
therapy: Major 

High 5

Power cord damaged 
when pulled out of the 
wall; delivers an electric 
shock during a future use

Electric Shock: 
Minor

Medium 3

Power cord damaged 
when pulled out of the 
wall; causes fire during a 
future use

Burn: Major High 5

BME(T)s, 
Nurses, 
Attendants

8.2 Secure the 
power cord

Power cord not secured Device tips over when 
rolling over power cord 
during repositioning

Delay of 
therapy: Major 

High 5 Y

Physical 
trauma: Minor

Medium/Low 2

Power cord damaged 
when rolling over power 
cord during repositioning

Delay of 
therapy: Major 

High 5

Power cord damaged 
when rolling over 
power cord during 
repositioning; delivers an 
electric shock during a 
future use

Electric Shock: 
Minor

Medium 3

Power cord damaged 
when rolling over 
power cord during 
repositioning; causes fire 
during a future use

Burn: Major High 5

BME(T)s, 
Nurses, 
Attendants

8.3 Carry the 
device from 
one place to 
another

Device dropped Damage to device Delay of 
therapy: Major 

High 5 Y

Falls on person Physical 
trauma: Minor

Medium/Low 2

Device is not relocated to 
patient

Use patient tubing > 
30m to reach patient; 
actual flow rate is less 
than flow rate setting on 
concentrator

SpO2 too low: 
Major

High 5

Does not lift device 
ergonomically

Hurts body trying to pick 
up device

Physical 
trauma: Minor

Medium/Low 2

Grabs exhaust vents (or 
another hot part of the 
device) to lift the device

Device has recently been 
in use; exhaust vents are 
41-63 degC

Burn: Major High 5

BME(T)s, 
Nurses, 
Attendants

8.4 Roll device 
from one 
spot to the 
other

Device wheels roll over 
uneven flooring, cables, 
or other obstacles

Wheels damaged; 
device tips over during 
patient therapy; patient 
disconnected

Sudden 
cessation 
of oxygen 
therapy

High 5 Y

Wheels damaged; device 
tips over during patient 
therapy; damage to 
device

Sudden 
cessation 
of oxygen 
therapy

High 5

Wheels damaged; Device 
tips over; falls on person

Physical 
trauma: Minor

Medium/Low 2

Device tips over during 
repositioning due to 
uneven flooring or cables 
to roll over

Device tips over; damage 
to device

Delay of 
therapy: Major 

High 5

Device tips over; falls on 
person

Physical 
trauma: Minor

Medium/Low 2
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Clean 9 Nurses, 
Attendants

9.1 Stop patient 
therapy 
and switch 
device OFF 
before 
cleaning

Device providing patient 
therapy during cleaning

Liquid ingress Electric Shock: 
Minor

Medium 3 Y

Liquid ingress; damage 
to device

Sudden 
cessation 
of oxygen 
therapy

High 5

Nurses, 
Attendants

9.2 Wipe air 
vents with a 
dry cloth

Does not wipe air vents Vents are clogged; 
insufficient air intake; 
hot external surfaces; 
user touches the surface 
briefly

Burn: Minor Medium 3 Y

Vents are clogged; 
insufficient air intake; 
compressor overheating; 
cessation of therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Vents are clogged; 
insufficient air intake; 
oxygen purity <83%

SpO2 too low: 
Major

High 5

Uses damp cloth to wipe 
vents

Water ingress Electric Shock: 
Minor

Medium 3

Water ingress; damage to 
device

Delay of 
therapy: Major 

High 5

Nurses, 
Attendants

9.3 Clean outer 
cabinet at 
specified 
frequency

Outer cabinet not cleaned 
at specified frequency

Contamination Disease 
transmission

High 5 Y

Incompatible cleaning 
agent

Contamination Disease 
transmission

High 5

Ineffective cleaning Disease 
transmission

High 5

Degradation of material; 
cracks

Delay of 
therapy: Major 

High 5

Uses petroleum-based 
cleaning agent

Fire in device during 
patient therapy; burn 

Burn: Major High 5

Fire in device during 
patient therapy; damage 
to device 

Sudden 
cessation 
of oxygen 
therapy

High 5

Nurses, 
Attendants

9.4 Clean 
christmas 
tree adapter 
at specified 
frequency

Christmas tree adapter 
not cleaned at specified 
frequency

Infectious material 
remains on surface

Disease 
transmission

High 5 Y

Particulate ingress Infection High 5

Incompatible cleaning 
agent

Contamination Disease 
transmission

High 5

Ineffective cleaning Disease 
transmission

High 5

Degradation of material; 
cracks

Delay of 
therapy: Major 

High 5

Uses petroleum-based 
cleaning agent

Flammable; burn Burn: Major High 5

Flammable; damage to 
device

Sudden 
cessation 
of oxygen 
therapy

High 5
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Clean 9 Nurses, 
Attendants

9.5 Disinfect 
outer 
cabinet 
between 
patients

Not disinfected between 
patients

Infectious material 
remains on surface

Disease 
transmission

High 5 Y

Incompatible disinfectant 
agent

Infectious material 
remains on surface

Disease 
transmission

High 5

Degradation of material; 
cabinet cracks

Delay of 
therapy: Major 

High 5

Electric Shock: 
Minor

Medium 3

Uses petroleum-based 
disinfectant

Fire in device during 
patient therapy; burn 

Burn: Major High 5

Fire in device during 
patient therapy; damage 
to device 

Sudden 
cessation 
of oxygen 
therapy

High 5

Disinfection solution not 
concentrated enough

Infectious material 
remains on surface

Disease 
transmission

High 5

Disinfection solution too 
concentrated 

Degradation of material; 
cabinet cracks

Delay of 
therapy: Major 

High 5

Electric Shock: 
Minor

Medium 3

Disinfection solution 
applied unevenly 

Infectious material 
remains on surface

Disease 
transmission

High 5

Degradation of material; 
cabinet cracks

Delay of 
therapy: Major 

High 5

Electric Shock: 
Minor

Medium 3

Disinfection solution 
applied to vents or caster 
wells

Solution ingress Electric Shock: 
Minor

Medium 3

Solution ingress; damage 
to device

Delay of 
therapy: Major 

High 5

Disinfectant removed 
before 10-15 minutes

Infectious material 
remains on surface

Disease 
transmission

High 5

Disinfectant not removed Dried residue remains Dissatisfaction Low 1

Nurses, 
Attendants

9.6 Disinfect 
christmas 
tree adapter 
between 
patients

Not disinfected between 
patients

Infectious material 
remains on surface

Disease 
transmission

High 5 Y

Incompatible disinfectant 
agent

Infectious material 
remains on surface

Disease 
transmission

High 5

Degradation of material; 
leaks; actual flow rate is 
lower than concentrator 
flow rate setting

SpO2 too low: 
Major

High 5

Disinfectant in patient 
airway

Physical 
Trauma: Major

High 5

Uses petroleum-based 
disinfectant

Fire in device during 
patient therapy; burn 

Burn: Major High 5

Fire in device during 
patient therapy; damage 
to device 

Sudden 
cessation 
of oxygen 
therapy

High 5

Disinfection solution not 
concentrated enough

Infectious material 
remains on surface

Disease 
transmission

High 5

Disinfection solution too 
concentrated 

Degradation of material; 
leaks; actual flow rate is 
lower than concentrator 
flow rate setting

SpO2 too low: 
Major

High 5

Disinfection solution 
applied unevenly 

Infectious material 
remains on surface

Disease 
transmission

High 5

Degradation of material; 
leaks; actual flow rate is 
lower than concentrator 
flow rate setting

SpO2 too low: 
Major

High 5

Disinfectant removed 
before 10-15 minutes

Infectious material 
remains on surface

Disease 
transmission

High 5

Disinfectant not removed Dried residue remains Dissatisfaction Low 1

Disinfectant in patient 
airway

Physical 
Trauma: Major

High 5
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error Hazardous Situation
Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Clean 9 BME(T)s, 
Nurses, 
Attendants

9.7 Clean/change 
cabinet 
filter (not 
required for all 
concentrators)

Cabinet filter not changed 
at manufacturer's 
recommended frequency

Particulates blocking 
air inlet; hot external 
surfaces; user touches 
the surface briefly

Burn: Minor Medium 3 Y

Particulates blocking 
air inlet; compressor 
overheating; cessation of 
therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Particulates blocking air 
inlet; oxygen purity < 83%

SpO2 too low: 
Major

High 5

Uses off-brand filter Portions of inlet not 
covered; particulates 
enter concentrator 
compressor; compressor 
seal no longer holds; 
damage to device

Sudden 
cessation 
of oxygen 
therapy

High 5

Filter blocking air inlet; 
hot external surfaces; 
user touches the surface 
briefly

Burn: Minor Medium 3

Filter blocking air inlet; 
compressor overheating; 
cessation of therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Filter blocking air inlet; 
oxygen purity < 83%

SpO2 too low: 
Major

High 5

Uses wet filter Moisture enters sieve 
beds; eventually oxygen 
purity < 83%

SpO2 too low: 
Major

High 5

Uses harsh chemicals for 
cleaning filter

Damage to filter leaving 
holes; particulates 
enter concentrator 
compressor; compressor 
seal no longer holds; 
damage to device

Sudden 
cessation 
of oxygen 
therapy

High 5

Does not rinse filter 
to remove cleaning 
chemicals

Residue from filter 
enters the concentrator; 
compresser inlet filter 
more quickly clogged 
before replacement 
due date; device stops 
working

Delay of 
therapy: Major 

High 5

Maintain 10 BME(T)s 10.1 Qualified user 
opens cabinet 
with device 
unplugged

Unqualified user opens 
concentrator cabinet

Damage to the device Delay of 
therapy: Major 

High 5 Y

Opens cabinet with device 
connected to power

Elements with power can 
be touched 

Electric Shock: 
Major

High 5

No compatible tools 
available to open the 
cabinet

Cabinet not opened; 
maintenance cannot be 
performed; device not 
used

Delay of 
therapy: Major 

High 5

BME(T)s 10.2 Change 
compressor 
inlet filter (not 
required for all 
concentrators)

Compressor inlet 
filter not changed 
at manufacturer's 
recommended frequency

Particulates blocking 
air inlet; hot external 
surfaces; user touches 
the surface briefly

Burn: Minor Medium 3 Y

Particulates blocking 
air inlet; compressor 
overheating; cessation of 
therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Particulates blocking air 
inlet; oxygen purity < 83%

SpO2 too low: 
Major

High 5

Uses off-brand filter Does not fit; device not 
used

Delay of 
therapy: Major 

High 5

Filter blocking air inlet; 
hot external surfaces; 
user touches the surface 
briefly

Burn: Minor Medium 3

Filter blocking air inlet; 
compressor overheating; 
cessation of therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Filter blocking air inlet; 
oxygen purity < 83%

SpO2 too low: 
Major

High 5
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task 
Description

Potential Use Error 
Hazardous 
Situation

Potential 
Harm

Risk level
Harm 
Severity

Critical 
Task 

Maintain 10 BME(T)s 10.3 Change 
bacteria 
filter (not 
required for all 
concentrators)

Bacteria filter not 
changed between every 
patient (only necessary 
for some concentrators)

Cross-
contamination

Disease 
transmission

High 5 Y

Bacteria filter not changed 
at manufacturer's 
recommended frequency

Cross-
contamination

Disease 
transmission

High 5

Uses off-brand filter It doesn't fit; device 
not used

Delay of 
therapy: Major 

High 5

Troubleshoot 11 BME(T)s, 
Nurses
BME(T)s, 
Nurses
BME(T)s, 
Nurses

11.1 Detect low 
frequency 
vibration and 
stop using 
device

Continued use of device 
with low frequency 
vibration

Damage to device Sudden 
cessation 
of oxygen 
therapy

High 5 Y

11.2 Re-start device 
after power 
interruption 

Device switched 
OFF during power 
interruption; did not 
switch device ON after 
power interruption

No oxygen therapy Delay of 
therapy: Major 

High 5 Y

11.3 Reset fuse Fuse not reset Device will not 
power on; device is 
not used

Delay of 
therapy: Major 

High 5 Y

Fuse reset when not 
needed

None

Store 12 BME(T)s, 
Nurses

12.1 Store device 
in appropriate 
environment

Device stored outside of 
recommended storage 
temperature and 
humidity range

Damage to the 
device

Delay of 
therapy: Major 

High 5 Y

Device is stored outside in 
the rain or snow

Liquid ingress Electric Shock: 
Minor

Medium 3

Liquid ingress; 
damage to device

Delay of 
therapy: Major 

High 5

Repair 13 BME(T)s 13.1 Diagnose 
source of 
internal 
malfunction

Necessary diagnostic 
tools not available (e.g. 
multimeter, oxygen 
analyser, or pressure 
gauges)

Unable to 
identify source of 
malfunction; device 
not used

Delay of 
therapy: Major 

High 5 Y

BME(T)s 13.2 Replace 
malfunctioning 
internal part

No compatible tools 
available to detach the 
malfunctioning part or 
install a working part

Malfunctioning 
part not removed; 
repair cannot be 
performed; device 
not used

Delay of 
therapy: Major 

High 5 Y

Improper tools 
used; new part 
not attached 
securely; part stops 
working during 
use; device stops 
functioning during 
use; cessation of 
oxygen therapy

Sudden 
cessation 
of oxygen 
therapy

High 5

Part replaced with 
incompatible part

Fire Burn: Major High 5

Fire; damage to 
device

Delay of 
therapy: Major 

High 5

Disposal 14 BME(T)s 14.1 Follow local 
governing 
ordinances 
and recycling 
plans regarding 
disposal 
of device 
components.

User does not dispose of 
the device as intended

Environmental 
contamination

Physical 
Trauma: 
Medium

Medium 3 Y
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task Description
Potential Use 
Error 

Hazardous 
Situation

Potential 
Harm

Risk 
level

Harm 
Severity

Critical 
Task 

Dangers 
listed in 
instructions 
for use

DNG Nurses, 
Attendants, 
BME(T)s

DNG1 From IFU: Oxygen causes rapid burning. 
Do not smoke while your oxygen 
concentrator is operating, or when 
you are near a person utilizing oxygen 
therapy. Smoking during oxygen therapy 
is dangerous and is likely to result in 
facial burns or death. Do not allow 
smoking within the same room where 
the oxygen concentrator or any oxygen 
carrying accessories are located. If you 
intend to smoke, you must always turn 
the oxygen concentrator off, remove 
the cannula and leave the room where 
either the cannula or mask or the oxygen 
concentrator is located. If unable to leave 
the room, you must wait 10 minutes 
after you have turned off the oxygen 
concentrator before smoking.

Patient or 
nearby person 
smokes 
while oxygen 
concentrator is 
operating

Fire Burn: 
Major

High 5 Y

Patient or 
nearby person 
smokes in the 
same room 
as oxygen 
concentrator 
and does not 
wait 10 minutes 
from stopping 
smoking to 
starting the 
concentrator

Fire Burn: 
Major

High 5

Nurses DNG2 From IFU: Oxygen makes it easier for 
a fire to start and spread. Do not leave 
the nasal cannula or mask on bed 
coverings or chair cushions if the oxygen 
concentrator is turned on but not in 
use. The oxygen will make the materials 
flammable. Turn the oxygen concentrator 
off when not in use to prevent oxygen 
enrichment.

Concentrator 
ON and mask or 
cannula left on 
the bed

Fire Burn: 
Major

High 5 Y

BME(T)s, 
Attendants, 
Nurses

DNG3 From IFU: Keep the oxygen concentrator 
and cannula at least 2 m (6.5 feet) from 
hot, sparking objects or naked sources 
of flame. Open flames during oxygen 
therapy are dangerous and are likely to 
result in fire or death. Do not allow open 
flames within 2 m (6.5 feet) of the oxygen 
concentrator or any oxygen carrying 
accessories.

Oxygen 
concentrator 
and/or patient 
tubing  < 2m 
(6.5 feet) from 
hot, sparking 
objects or 
naked sources 
of flame

Fire Burn: 
Major

High 5 Y

Warnings 
listed in 
instructions 
for use

WRN BME(T)s, 
Nurses

WRN1 From IFU: Do not lubricate fittings, 
connections, tubing or other accessories 
of the oxygen concentrator to avoid the 
risk of fire and burns.

User lubricates 
fittings, 
connections, 
tubing or other 
accessories

Damage to 
device

Sudden 
cessation 
of oxygen 
therapy

High 5 Y

Fire Burn: 
Major

High 5

Nurses WRN2 From IFU: Use only water-based lotions 
or salves that are oxygen-compatible 
before and during oxygen therapy. Never 
use petroleum or oil-based lotions or 
salves to avoid the risk of fire and burns.

User uses 
petroleum or 
oil-based lotions 
or salves

Fire Burn: 
Major

High 5 Y

Damage to 
device

Delay of 
therapy: 
Major 

High 5

Nurses WRN3 From IFU: Geriatric, pediatric or any 
other patient unable to communicate 
discomfort can require additional 
monitoring and/or a distributed alarm 
system to convey the information about 
the discomfort and/or the medical 
urgency to the responsible caregiver to 
avoid harm.

Monitoring or 
alarm system 
is not used 
with geriatric, 
pediatric or 
other patient 
unable to 
communicate 
discomfort

Flow setting 
too low for 
patient need

SpO2 
too low: 
Major

High 5 Y

Flow setting 
too high for 
patient need 
(newborns)

SpO2 
too high: 
Major

4

Nurses WRN4 From IFU: Do not bring the device or 
accessories into a Magnetic Resonance 
(MR) environment as it may cause 
unacceptable risk to the patient or 
damage to the oxygen concentrator 
or MR medical devices. The device and 
accessories have not been evaluated for 
safety in an MR environment.

Device 
used in MR 
environment

Damage to 
the device 
during use

Sudden 
cessation 
of oxygen 
therapy

High 5 Y

Damage 
to nearby 
diagnostic 
MR medical 
devices; delay 
in diagnostics

Damage 
to 
property: 
Minor

Medium 2

Patient injury Physical 
Trauma: 
Major

High 5
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Table 23: (continued)

High Level 
Task

Task# User Type
Sub 
Task#

Task Description
Potential Use 
Error 

Hazardous 
Situation

Potential 
Harm

Risk 
level

Harm 
Severity

Critical 
Task 

Warnings 
listed in 
instructions 
for use

WRN Nurses WRN5 From IFU: Do not use the device or 
accessories in an environment with 
electromagnetic equipment such as 
CT scanners, Diathermy, RFID and 
electromagnetic security systems (metal 
detectors) as it may cause unacceptable 
risk to the patient or damage to 
the oxygen concentrator. Some 
electromagnetic sources may not be 
apparent, if you notice any unexplained 
changes in the performance of this 
device, if it is making unusual or harsh 
sounds, disconnect the power cord and 
discontinue use. Contact your [service] 
provider.

Device 
used in an 
electromagnetic 
environment

Damage to 
the device 
during use

Sudden 
cessation 
of oxygen 
therapy

High 5 Y

Patient injury Physical 
Trauma: 
Major

High 5

Nurses WRN6 From IFU: This device is suitable for use 
in home and healthcare environments 
except for near active HF SURGICAL 
EQUIPMENT and the RF shielded room of 
an ME SYSTEM for magnetic resonance 
imaging, where the intensity of 
Electromagnetic DISTURBANCES is high.

User uses 
the device 
in an area 
with intense 
electromagnetic 
disturbances

Damage to 
the device 
during use

Sudden 
cessation 
of oxygen 
therapy

High 5 Y

Patient injury Physical 
Trauma: 
Medium

Medium 3

Nurses WRN7 From IFU: Equipment not suitable for 
use in the presence of a flammable 
anesthetic mixture with air or with 
oxygen or nitrous oxide.

User uses the 
device in the 
presence of 
flammable 
anesthetic 
mixtures with 
air, oxygen or 
nitrous oxide

Fire Burn: 
Major

High 5 Y

Fire; damage 
to the device

Sudden 
cessation 
of oxygen 
therapy

High 5

Nurses, 
Attendants, 
BME(T)s

WRN8 From IFU: Use of this equipment adjacent 
to or stacked with other equipment 
should be avoided because it could result 
in improper operation. If such use is 
necessary, this equipment and the other 
equipment should be observed to verify 
that they are operating normally.

User stacks 
devices or 
places adjacent 
to device 
and does not 
monitor their 
performance

Damage to 
the device 
during use

Sudden 
cessation 
of oxygen 
therapy

High 5 Y

Oxygen purity 
< 83%

SpO2 
too low: 
Major

High 5

Actual flow 
lower than 
concentrator 
flow setting

SpO2 
too low: 
Major

High 5

BME(T)s, 
Nurses

WRN9 From IFU: Portable RF communications 
equipment (including peripherals such as 
antenna cables and external antennas) 
should be used no closer than 30 cm 
(12 inches) to any part of the oxygen 
concentrator, including cables specified 
by the manufacturer. Otherwise, 
degradation of the performance of this 
equipment could result.

Device is used 
near portable RF 
communication 
equipment

Damage to 
the device 
during use

Sudden 
cessation 
of oxygen 
therapy

High 5 Y

Oxygen purity 
< 83%

SpO2 
too low: 
Major

High 5

Actual flow 
lower than 
concentrator 
flow setting

SpO2 
too low: 
Major

High 5
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Appendix D: Moderator’s Guide 

Introduction
Spark Health Design, Oxygen for Life Initiative, and Center for Public Health and Development developed this 
moderator’s guide as part of the overall protocol to evaluate the usability of existing oxygen concentrators 
in under-resourced healthcare settings. The moderator’s guide was incorporated into protocols tailored 
to each country. The protocols included an informed consent process for participants, and other standard 
components required for the protection of human research participants. 

The moderator’s guide includes instructions for how to conduct the tour (contextual inquiry), oxygen 
concentrator survey, and interview activities. This guide has been formatted such that it can be printed and 
used to take notes during the various activities. Alternatively, it could be programmed into a digital platform 
for direct data input during the activities. 

We included a mix of human-centred design and usability engineering techniques as part of this evaluation. 
The participant interviews include a set of simulated use scenarios similar to simulated use scenarios that 
would be required in final usability validation testing required under international standard IEC 62366-1:2015 
and U.S. F.D.A. (Office of Device Evaluation, 2016). 

Moderator’s	Guide	Contents

Facility Tour 138
Photo Checklist 142
Interview 145
Nurse Interview Guide 147

Part A: Background & Past Use of Oxygen Devices 148
Part B: Simulated Use of Provided Oxygen Concentrators 152
Part C: Product Features Card Sort 177

BMET Interview Guide 182
Part A: Background & Past Maintenance of Oxygen Devices 183
Part B: Simulated Use of Provided Oxygen Concentrators 187
Part C: Product Features Card Sort 217

Preferred Product Feature Cards 222
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Facility Tour 

The team should take a tour of various spaces where oxygen equipment might be used, stored, and 
maintained as well as the various site power sources. If possible, it’s very helpful to conduct this tour 
before any other activities so the team is familiar with the facility and its equipment before conducting the 
interviews. In this way, when participants speak to their past experience using concentrators, the team may 
have already seen the environments of use and the devices participants use. During the interview, the team 
should take photos and notes to document what they see. The team can also interview the tour guide about 
their background and aspects of the facility and use of oxygen during the tour. 

Introduction & Informed Consent
Use approved consent form in correct language(s) for the tour guide(s) according to regionally-appropriate 
ethics review undertaken.

Facility & Department Background 

Optional Script
Can you please tell me a bit about your facility? Are there aspects that make it unique compared to other 
facilities you know? 

(let the participant indicate what they see as the relevant differences between their facilities and others, fill 
out Facility Background Worksheet if it has not been filled before visit)

This sheet could be printed to enable a standardized way to capture notes during the tour. Alternatively, 
notes could be captured digitally.

Notes:
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Facility Name: Participant ID: 

Facility Tour

Optional Script
We are hoping to see all the different types of oxygen systems you have, any context where oxygen is used 
in the paediatric department, and where it is stored and maintained when not in use. In addition, if we have 
time, seeing where oxygen lives in other departments is also useful.

Locations

 z Paediatric & neonatal departments - Can we please see each room of the paediatric department so 
we can best understand the layout? In addition, if there are any oxygen systems in-use, and if it does not 
disturb the patient, may we please see them up-close? (take photos, avoid patient and bystander faces) 

 z Respiratory Supply Storage & Cleaning - Can we please see any places where the humidifiers, 
cannula, tubing and other supplies are stored and cleaned? We would like to understand the variety of 
supplies you use and how they interface with your oxygen. We would like to understand what supplies 
are reused, where they are cleaned and with what chemicals. 

 z Oxygen Systems – To the best of your knowledge, what are all the types of oxygen systems you use at 
this facility? Can we please see examples of each? (tank oxygen, oxygen concentrator, wall oxygen, other) 

 z Oxygen Storage and Maintenance - Can we please see where the various oxygen equipment is 
stored when it is outside of the departments? Can we also see any spaces used to fix or maintain the 
equipment?

 z Other Departments Using Oxygen - If you have time to see any other departments using oxygen, it 
could be helpful. Make the best decision you can in terms of how to best spend your facility visit time. 
Same guidance as for paediatric department.

Tour Photo Checklist

Included are a list of example photos the team hopes to acquire at each site during the facility tour. This 
list is only a guide. The decision of which photos to take will be at the moderator’s discretion based on 
what is significant to record that will lead to the development of a fit-for-purpose oxygen concentrator. The 
moderator may decide to take only some of the photos on this list, and may also decide to take additional 
photos we could not have anticipated that are not on this list. 

In all cases, the moderator will follow the guidelines outlined related to privacy outlined in the protocol. 
For outside photos, it’s generally accepted that people outside are allowed to be photographed, however 
the moderator will be cautious and prioritize building a positive relationship with the facility community. In 
addition, inside the facility, the moderator will be mindful to only to take images of faces of people according 
to the policy described in the protocol regarding photos of faces or any identifying information for anyone 
who has not signed the informed consent.
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Tour Photos

Print to use as a checklist

Contextual Photos
 � Roads – show quality of roads on the way to the facility to give an image for how the concentrator may 

be transported to the facility.
 � Facility Exterior - show the context of the facility in terms of its surroundings, get the name of the 

facility, show the size and type of buildings.
 � Hallways, stairways, floors - any hallways and stairways you pass through. Record aspects like 

whether the floor is smooth or uneven, and thresholds in and out of rooms. This will help the team 
envisage how the system is moved from one place to another.

 � Rooms of Paediatric and Neonatal Departments - an image of each room. If you are able to enter 
the rooms, several images of the room from different vantage points. (be careful of patients photos 
according to protocol policies)

 � Oxygen In-Context - zoomed-out storytelling photos that depict oxygen in its environment of use or 
storage. Example: oxygen concentrator while in-use connected to a patient (but without patient in photo), 
or concentrators in a hallway with people passing by.

 � Other Sources of Oxygen - Please also take at least one photo of any other types of oxygen equipment 
at the facility.

 � Spaces for Oxygen Equipment Storage - rooms or hallways where this equipment is stored. This 
should include where tanks are stored as this may be where tanks would be stored with this new system.

 � Oxygen Accessories in Storage & Cleaning - rooms or hallways where cannulas, masks, filters, 
humidifiers are stored or cleaned & the chemicals used. 

 � Spaces for Oxygen Equipment Disposal - sometimes there is a room of old broken equipment. Very 
interesting to see if there is any oxygen equipment in there.

 � Spaces for Oxygen Equipment Maintenance and Repair - any office, hallway, or rooms where oxygen 
equipment maintenance or repair may happen. 

 � Oxygen Equipment Maintenance and Repair Supplies and Tools - any supplies such as filters and 
tools such as screwdrivers used to maintain or repair the equipment. 

Concentrator Photos
 � Every Paediatric or Neonatal Oxygen Concentrator - please take a photo of every oxygen 

concentrator encountered. If there is a storage room with multiple devices, a group shot is fine. Ideally 
capture zoom-in photos of: 

 � brands and model numbers
 � the filter
 � portions that seem worn or broken
 � anything that stands out as unique or interesting
 � anything that stands out as a challenge

 � Other Oxygen Concentrators - to the extent the team visits other departments, similarly document all 
oxygen concentrators.
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Measure Concentrator Oxygen Output

Optional Script
Could we please measure the output of any concentrators you have at the facility? We would also like 
to learn a little bit more about the history of each concentrator. When was it first put into use? What 
department primarily uses this device?  How well does it work? Please describe any challenges it has had 
over time?

The printed worksheet can be used to capture the data, or this can be created in a digital format for direct 
data input. Print more copies to collect data for over three concentrators.

Tour Guide Participant ID

Facility Name

Oxygen Analyzer Make/ Model

Oxygen Analyzer serial number

Concentrator Brand and Model Notes on challenges

Department

Location Found

Year First Used

Oxygen Purity Measurement 

Concentrator Brand and Model Notes on challenges

Department

Location Found

Year First Used

Oxygen Purity Measurement 

Concentrator Brand and Model Notes on challenges

Department

Location Found

Year First Used

Oxygen Purity Measurement 
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Photo Checklist 

This is a list of example photos the team hopes to acquire at each site. This list is only a guide. The decision of 
which photos to take will be at the moderator’s discretion based on what is significant to record that will lead 
to the development of a fit-for-purpose oxygen concentrator. The moderator may decide to take only some 
of the photos on this list, and may also decide to take additional photos we could not have anticipated that 
are not on this list. 

In all cases, the moderator will follow the guidelines outlined in the protocol. For outside photos, it’s generally 
accepted that people outside are allowed to be photographed, however the moderator will be cautious 
and prioritize building a positive relationship with the facility community. In addition, inside the facility, the 
moderator will be mindful to only to take images of faces of people who have signed the informed consent. 
When inside, the moderator will not take photos of faces, or any identifying information for anyone who has 
not signed the informed consent.

Tour Photos

 � Roads – show quality of roads on the way to the facility to give an image for how the concentrator may 
be transported to the facility.

 � Facility Exterior - show the context of the facility in terms of its surroundings, get the name of the 
facility, show the size and type of buildings.

 � Every Paediatric or Neonatal Oxygen Concentrator - please take a photo of every oxygen 
concentrator encountered. If there is a storage room with multiple devices, a group shot is fine. Ideally 
capture zoom-in photos of: 

 � brands and model numbers
 � the filter
 � portions that seem worn or broken
 � anything that stands out as unique or interesting
 � anything that stands out as a challenge

 � Other Oxygen Concentrators - to the extent the team visits other departments, similarly document all 
oxygen concentrators.

 � Other Sources of Oxygen - Please also take at least one photo of any other types of oxygen equipment 
at the facility.

 � Oxygen In-Context - zoomed-out storytelling photos that depict oxygen in its environment of use or 
storage. Example: oxygen concentrator while in-use connected to a patient (but without patient in photo), 
or concentrators in a hallway with people passing by.

 � Rooms of Paediatric and Neonatal Departments - an image of each room. If you are able to enter 
the rooms, several images of the room from different vantage points. (no patients photos please)

 � Spaces for Oxygen Equipment Storage - rooms or hallways where this equipment is stored. This 
should include where tanks are stored as this may be where tanks would be stored with this new system.

 � Oxygen Accessories in Storage - rooms or hallways where cannulas, masks, filters, humidifiers are 
stored. 

 � Spaces for Oxygen Equipment Disposal - sometimes there is a room of old broken equipment. Very 
interesting to see if there is any oxygen equipment in there.

 � Spaces for Oxygen Equipment Maintenance and Repair - any office, hallway, or rooms where 
oxygen equipment maintenance or repair may happen. 

 � Oxygen Equipment Maintenance and Repair Supplies and Tools - any supplies such as filters and 
tools such as screwdrivers used to maintain or repair the equipment. 

 � Hallways, stairways, floors - any hallways and stairways you pass through. Record aspects like 
whether the floor is smooth or uneven, and thresholds in and out of rooms. This will help the team 
envisage how the system is moved from one place to another.



143

Appendix D: Moderator’s Guide V.1.0

Facility Name: Participant ID: 

 � Professionals at Work – participants who have provided informed consent interacting with oxygen 
concentrators.

 � Fixing/Maintaining Oxygen or Respiratory Equipment
 � Adjusting Oxygen or Respiratory Equipment
 � Interacting with Patients Using Oxygen
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Interview Photos

 � Participant Portraits – a portrait of each interview participant. Sometimes these can be achieved 
during conversation. Sometimes they are easier to do at the end of the interview.

 � Participant Action Shots – showing the participants engaged in conversation, reacting to 
concentrators, pointing to things, sorting cards etc.

 � Simulated Use Scenarios
 � Scenario 1

 � Image of paper that says scenario number
 � Zoom out: setup before scenario starts 
 � Box of supplies including filters that are wet and not wet.
 � Close-ups of the actions the participants take (as much as feasible)

 � Moving the device to the patient and outlet
 � Proximity of concentrator to the wall after moving
 � Plugging it into outlet or stabilizer
 � Detaching humidifier from concentrator
 � Unscrewing humidifier top
 � Filling humidifier with water
 � Attaching humidifier top to bottom
 � Attaching humidifier to concentrator
 � Selecting filter from the supply box
 � Installing cabinet filter in concentrator
 � Adjusting flow rate
 � Final flow rate setting
 � Looking at the control panel
 � Selecting cannula from the box
 � Attaching cannula to humidifier
 � Attaching cannula to patient

 � Images showing challenges
 � Images showing participant facial expression reactions to challenging steps.

 � All other Scenarios
 � Zoom out: setup before scenario starts
 � Zoom in: setup specific to the scenario (e.g., clip pinching the cannula, or cord unplugged from 

power outlet)
 � Close-ups of the actions the participants take (as much as feasible)
 � Images showing challenges
 � Images showing participant facial expression reactions to challenging steps.

 � Final Card Sorts – when the conversation on a particular card sort activity has ended and the final 
arrangement is reached, take a photo. Caution: if you take multiple photos of the same card sort it is 
often difficult to tell what is the final. One way around this is to have a card that says “final” and put it 
down in the photo when you have a final shot.
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Interview

(1 - 2 hours per interview) Given the length of the interview, it will be difficult to conduct these as spontaneous 
interviews during work time. Instead, they should be scheduled for specific times. In many geographies, 
this also means providing compensation to participants to enable them to set aside time to participate. 
The interviews might take place in an office, hallway, break room, or convenient outdoor area next to the 
department. Alternatively, they could be scheduled after the tour at an off-site location. The benefit of on-site 
interviews is that the participant can show the moderator aspects of the environment or equipment they 
are referencing. However, if the tour is conducted before interviews, the team will have seen some of what 
a participant might show. The participant can also reference photos from the tour to ensure the moderator 
understands. 

Ideally interviews are with only one participant at a time. This enables participants to share their most honest 
feedback and to see any differences in feedback from participants who may work at the same facility, yet may 
do things differently. 

The overall goals are (1) to understand what is important to the participants and (2) to gauge the usability of 
existing concentrators for participants. This interview combines human-centred design methodologies for 
early need-finding and opportunity identification with techniques used in usability engineering. It is designed 
with ten steps spanning three parts to elicit broad ranging feedback on what users say they do, how they feel, 
how they think about concentrator use, and how they actually use concentrators and system accessories. 

To understand what is important to the participants, we included prompts in part A that encourage 
participants to tell stories and to share what is important to them. In addition, the moderator should feel free 
to ask questions not included in this moderator’s guide that seem relevant to what the participant says is 
important. In part C, we have a preferred product feature card sorting activity that helps us better understand 
what is important and not important to participants in an oxygen concentrator system. This activity is 
designed to take place after simulated use scenarios with concentrators in order to remind the participants 
of various aspects of concentrator system use immediately before they engage in dialog about the most 
important features. 

To understand how participants actually use, maintain, and repair concentrators, we included Part B, a set 
of simulated use scenarios in which participants use one or more concentrators, bubble humidifier bottles, 
flow splitters, nasal cannula, power stabilizers, and oxygen analysers. The first scenario asks participants 
to relocated and then set up a concentrator to provide patient therapy or to be analysed by the oxygen 
analyser. The remaining scenarios focus on common troubleshooting situations. In addition, there are several 
knowledge questions interrogating aspects such as maintenance schedules that are not easily observable in 
a simulated use scenario. The selected scenarios and knowledge questions were derived from completing a 
usability related risk analysis of a concentrator and its accessories and identifying tasks which, when done 
incorrectly, could lead to hazardous situations and possible harms. This analysis was informed by historical 
data from Oxygen for Life Initiative and Center for Public Health and Development who have provided training 
and have responded to service calls for oxygen concentrator systems in Nigeria and Kenya respectively.

Note: Simulated use scenarios can also be used to perform early-stage formative evaluations of medical 
device concepts and prototypes to inform the design. In these cases, development teams can provide 
prototype instructions for use with the concepts and little to no training in order to encourage the device to 
be designed as intuitively as possible to reduce the burden of training. Once the design is undergoing the 
detailed engineering phase, it can be useful to run iterative formative evaluations to determine whether 
use-related risks have been mitigated as far as possible through device design and labelling alone, or whether 
training will be required. If training is required, iterative training concepts can be tested with later stage 
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formative evaluations to refine the training design. Once the final product is available, usability validation 
testing can commence using simulated use scenarios crafted to cover all critical tasks identified in the 
use-related risk analysis.

It is ideal to perform the same activities with every participant so the data can be compared across all 
participants. We recommend conducting one to two pilot interviews with each participant type in order to 
hone techniques and identify the most fruitful techniques to use to finalise the guide before use with all other 
participants. However, with the exception of the simulated use scenario scripts, moderators do not need to 
adhere to a strict script, but instead can ask follow-up questions for clarification and can improve the way 
they run the activities over time to elicit quality feedback. In addition, moderators are encouraged to follow 
the method of the “five whys” to better understand participant instead of making assumptions based on past 
experience. 
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Participant ID: 

  
Nurse Interview Guide

This guide is designed to be printed and used for the moderator to take notes about their observations and 
important participant quotes during the interview. Because the notes will be taken within the corresponding 
section of the interview, it is easier to contextualize the data afterwards. Alternatively, this can be set up in a 
spreadsheet for a note-taker to take digital notes during the interview saving time in data transfer later.

Introduction & Informed Consent
Use the paper informed consent for all interviews. Do not use any recording devices including cameras, video, 
or audio until the informed consent is signed.

Part A: Background & Past Use of Oxygen Concentrators

1. Participant Background 
2. Recent Oxygen Concentrator Story 
3. A Challenging Oxygen Concentrator Story 

Part B: Simulated Use of Provided Oxygen Concentrators

4. Use 
 z Concentrator Setup (1 scenarios)
 z Troubleshooting (9 scenarios)
 z Concentrator Dust Filter Maintenance (1 scenario)

5. Cleaning and Maintenance Knowledge Questions
 z Changing or cleaning the cabinet filter
 z  Wiping the concentrator
 z  Cleaning humidifier
 z  Cleaning cannula or mask

6. N/A – Repair & Maintenance Knowledge Questions for BMET Only

Part C: Preferred Product Features Card Sort

7. List Important Oxygen System Features 
 z Not Important to Me / Important to Me 

8. Prioritize Top Five Features
 z Most Important to Me / Least Important to Me

9. Compare Existing Oxygen Systems to Top Five Features 
 z Meets the Requirements Well
 z Does not Meet the Requirements
 z Concentrator Cards & Applicable Feature Cards 

10. Finale: Is there anything else you think it would be helpful for us to know as we consider the best oxygen 
concentrator system design for you?
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Part A: Background & Past Use of Oxygen Devices

1. Participant Background

Optional Script
Can you please tell me a bit about yourself including your title and what your role entails? 

Example follow-up questions:

 z What is your job title?
 z When did you first start working at this facility? 
 z How many years have you been working in this type of role? How many other places did you work prior?
 z What days and hours do you typically work? 
 z Do you interact with oxygen concentrators as part of your work? If so, can you please describe when, why 

and how often?
 z Is there availability of biomedical engineer or technician to maintain equipment (internal staff, external 

service or no service at all)

Fill out the Participant Background Sheet while the participant talks, or ask them to fill it in directly, add additional 
notes here
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Nurse Participant Background Information Worksheet
Please fill this worksheet out for each participant during recruiting, or at the beginning of each interview.

Job Title

Facility Name

Age

Gender

Year you started work

Your current shift 
(Circle all that apply)

Weekday day Weekday night 

Weekend day  Weekend night

Department

Certifications

Last time you used (or repaired/
maintained) a concentrator (circle 
one)

Never In the last month

 1 month – 1 year ago  Over 1 year ago

Personal frequency of concentrator 
uses or repair/maintenance (circle 
one)

Never  1-10 patients per month 

10-20 patients per month 20-30 patients per month

More than 30 patients per month

Other types of oxygen you have used 
or repaired/maintained (circle all the 
apply)

Piped Cylinders Other

Have you ever used a dual flow 
concentrator?

Yes No

Have you ever used a flow splitter? Yes No

Have you ever used a power 
stabiliser?

Yes No

Have you ever used any of these 
concentrators (circle all that apply)

(list brand and models that will be used in simulated use testing)
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2. Recent Oxygen (Concentrator) Story 

Optional Script
We learn a lot from hearing specific stories about how you use oxygen. Can you please think of the most 
recent time you provided oxygen to a patient using an oxygen concentrator and take us through the full 
story from when the patient arrived at the facility to when they left? 

Example follow-up questions:

 z Approximately how long ago did the story take place?
 z When did you first encounter this patient? What was the patient’s age?
 z How was the patient diagnosed and what was the diagnosis?
 z What room did the patient stay in while receiving oxygen?
 z What equipment was used to provide oxygen? How did you or others decide which oxygen equipment to 

use? 
 z What is required to set up that oxygen equipment?  
 z Do you remember what settings you used? How did you choose those settings?
 z How long did the patient receive oxygen? Did they ever change oxygen settings or source of oxygen 

during this time? Was oxygen ever not available during that time?
 z How did you (or others) determine the patient no longer needed oxygen?
 z How did you (or others) determine the patient was ready for discharge?
 z Did anything go wrong? 
 z Is this story typical? Why or why not? 

(During these stories note challenges and what works well)



151

Appendix D: Moderator’s Guide V.1.0

Participant ID: 

3. A Challenging Oxygen Concentrator Story 

Optional Script
Can you please tell us a story of one of the most challenging times you needed to provide oxygen to a 
patient with an oxygen concentrator and what happened? Why?

Example follow-up questions:

 z Approximately how long ago did the story take place?
 z Which piece of equipment was it? (if possible, ask to see the exact device the participant is talking about)
 z What did you need to do? How did you know you needed to do it?
 z Is this story typical of your work with oxygen concentrators? Why or why not? 

(During these stories note challenges and what works well)
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Part B: Simulated Use of Provided Oxygen Concentrators

In this segment of the evaluation, the moderator will ask participants to engage in a series of simulated use 
scenarios relevant to nurses. 

This is designed as a formative evaluation to understand the usability of current concentrators on the market 
in order to highlight opportunities for usability improvement for future concentrator designs. Not training 
should be provided to participants before the scenarios to avoid conflating aspects of correct or incorrect 
use that could be due to the training design with those due to the device design. For this reason, recruited 
only people with prior experience using oxygen concentrators and endeavour to use concentrators and 
accessories with which participants are already familiar during the scenarios.  

Instructions: For each scenario, follow the setup instructions. Then, read the text in the grey script box to the 
participant exactly as it appears. The moderator may repeat the script as many times as the participant may 
ask for it. Feel free to ask questions about what the participant is doing as they perform the tasks if they are 
not talking aloud about their thinking.

4. Use

Participants will perform the following scenarios once. The recommendation is to use only one model of 
concentrator for all scenarios, with the exception that only a dual flow concentrator can be used for certain 
scenarios. All scenarios will be scored based on the rubric below.

Score Meaning Description

3 Pass Participant performed the task correctly.

2 Close Call
Participant came close to making an error. For example, taking a long time to 
complete the task, verbalizing incorrect ideas of how to perform the task, or 
performing it incorrectly, but then correcting it without external assistance.

1 Use Error Participant did not perform the task correctly. 

0 N/A

Participant did not have the opportunity to perform the task. Examples include 
if a participant leaves early before completing all activities, or when a participant 
doesn’t perform the prior tasks making it impossible to perform the current task 
to be scored.

Setup Scenario
 z Scenario 1N - Move concentrator across room and set up therapy for one patient

Troubleshooting Scenarios
 z Scenario 2N – Pinched cannula tube (obstruction) 
 z Scenario 3N – Unplugged concentrator (power interruption) 
 z Scenario 4N – No concentrator flow to flow splitter
 z Scenario 5N - Adding a patient to flow splitter with leaky hose connection
 z Scenario 6N – Discontinuing therapy for one patient w/flow splitter  
 z Scenario 7N - Humidifier bottle top cross-threaded leading to a leak  
 z Scenario 8N – (dual flow concentrator only) flow setting exceeds capacity  
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Participant ID: 

Scenarios performed by OLI Nigeria only; not as relevant in Kenya
 z Scenario 9N – removed; duplicate of scenario 5N
 z Scenario 10N – removed; duplicate of scenario 5N
 z Scenario 11N – Stabiliser not turned on 

Maintenance Scenario
 z Scenario 16N – Change cabinet filter 

Supply Box for Nurse Participants:

 � Two humidifiers
 � Tubes to attach humidifiers as needed
 � Bottles of water to fill humidifiers
 � Five paediatric cannulas, one adult cannula that allows flow > 10 LPM
 � Two filters for each concentrator, out of the package
 � Filter drying rack / something realistic facilities would use to set filters to dry
 � Tube to attach between concentrator and flow splitter.
 � Instructions for use for all concentrators used
 � Instructions for use for humidifier(s)
 � Instructions for use for flow splitter(s)

  



154

Appendix D: Moderator’s Guide V.1.0

Devices & Accessories Used: Participant ID: 

Scenario 1N
 
This scenario assumes a concentrator with ≥ 3LPM capacity.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Set concentrator flow rate to 0 LPM, power switch off, and plug it into the wall socket. Optionally: plug 

into power stabiliser. 
 z Attach a humidifier with water to the concentrator and attach a patient cannula with the intent that the 

participant should change out the water and the cannula. 
 z On the other side of the room from the concentrator, put a doll on a bed or surface to act as the patient. 

Ensure their “bed” is right next to the wall on the other side of the room from the concentrator near an 
outlet so that the most convenient place to position the concentrator is against the wall. This will ensure 
the participant will have to move the concentrator across the room to get it in place. For an optional 
challenge condition, have participants relocate concentrator across a bump such as a board placed on 
the floor and/or move the equipment up or down a flight of stairs. 

 z Please ensure the instructions for use are available to the participant.
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch OFF

Warmed Up? No

Flow controller 1 setting (LPM) 0

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? No

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
A new patient has been admitted with pneumonia (reference the doll). They need 3 LPM oxygen therapy 
with humidification. The oxygen concentrator over there (point at it) was just disconnected from a patient, 
so you have decided to use it to initiate therapy. Please take any action you think necessary, or no action if 
no action is required. Please speak aloud as you consider what action to take as we learn from your process 
of figuring it out. Please feel free to refer to the provided instruction manuals to inform your actions and 
to use any of the supplies we have provided as you see fit. If you would like to take some time to study the 
instruction manuals before starting, that is acceptable.

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next? Once the scenario is complete, ask the participant about any use errors or close calls that occurred 
to better understand why they might have occurred.

Score:  
Score each task as it is completed. Provide moderator observations and participant quotes to provide 
reasoning for any tasks that had use errors, close calls, or N/A.

3 = pass / 2 = close call / 1 = use error / 0 = N/A  

Tasks Score Moderator Observations & Participant Quotes

Relocate concentrator

Detach cannula

Detach humidifier

(if participant didn’t change humidifier water, ask them to do it at the 
end to able to observe them doing the steps) 
Is this type of humidifier different in any way from what you 
have used in the past?

Change humidifier water

Attach humidifier top
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Devices & Accessories Used: Participant ID: 

Tasks Score Moderator Observations & Participant Quotes

Attach humidifier to 
concentrator

Plug concentrator into 
socket

Power on concentrator

During warm-up ask: How do you know when the concentrator is 
ready? What is the meaning of these indicator lights? What is the 
meaning of this display information?

Attach cannula to  
humidifier

Is this cannula different in any way from what you have used in the 
past?

Attach cannula to  
patient doll

Set flow rate to 3 LPM

Are you familiar with this way to set the flow rate?
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Devices & Accessories Used: Participant ID: 

How was the experience of using this concentrator and humidifier compared to those you have used 
before? Was anything better? Anything worse? Why?

(if they used the instructions manual) Were the manufacturer’s instructions helpful in guiding you? Is there 
any way the instructions could be improved? 
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Devices & Accessories Used: Participant ID: 

Scenario 2N
 
This scenario assumes a concentrator with ≥ 3LPM capacity and a humidifier bottle with a safety valve 
pressure that will be triggered during the scenario.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON; attach a clip to block the flow in the tube of the cannula that is 

connected to the patient. 
 z Check all of the prep items to ensure system is correctly set up. If the concentrator typically alarms in this 

mode, wait until the humidifier bottle safety valve alarm is sounding, then ask the participants to turn 
around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 3

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Script (read exactly)
You pass by the patient receiving 3 LPM to check on them. Please take any action you think necessary, or 
no action if no action is required. Please speak aloud as you consider what action to take as we learn from 
your process of figuring it out. Please feel free to use any of the instructions manuals and supplies we have 
provided as you see fit.
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Devices & Accessories Used: Participant ID: 

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Remove clip from cannula tube

Ensure flow meter is set to 3 LPM

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did the participant notice the humidifier bottle safety valve was making a noise?
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Devices & Accessories Used: Participant ID: 

Scenario 3N
 
This scenario assumes a concentrator with ≥ 3LPM capacity.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep concentrator running and attached to patient doll at 3 LPM flow rate. Then unplug the concentrator 

from the power socket. With some devices, this will initiate an alarm. 
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? No

Power Switch ON

Warmed Up? No

Flow controller 1 setting (LPM) 3

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Script (read exactly)
You pass by the patient receiving 3 LPM to check on them. Please take any action you think necessary, or 
no action if no action is required. Please speak aloud as you consider what action to take as we learn from 
your process of figuring it out. Please feel free to use any of the instructions manuals and supplies we have 
provided as you see fit.
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Devices & Accessories Used: Participant ID: 

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Plug concentrator into power socket

Ensure concentrator is delivering 3 LPM

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.
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Devices & Accessories Used: Participant ID: 

Scenario 4N
 
This scenario assumes a concentrator with ≥ 3LPM capacity and an external flow spitter with ≥ 2 ports each 
capable of up to 1.5 LPM.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON. 
 z Remove the Humidifier and attach the flow splitter. 
 z Connect two cannulas to two flow splitter ports and the other ends to two dolls. 
 z Set the concentrator flow to 3 LPM and adjust two flow splitter settings each to 1.5 LPM, then decrease 

the concentrator flow to 0 LPM. With some Concentrators, this may lead to an alarm.
 z Check all of the prep items to ensure system is correctly set up. Then ask the participants to turn around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 0

Humidifier Attached to Outlet 1? No

Cannula Attached to Humidifier 1? No: flow splitter 

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? Yes

Cannula Attached to Patient 3? No

Cannula Attached to Patient 4? No

Cannula Attached to Patient 5? No

Flow Splitter Attached to Outlet? Yes

Flow Splitter Flow settings (LPM) 1.5 LPM (2x)
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
There are two patients requiring oxygen therapy. You have just set up the single flow concentrator to 
provide therapy of 1.5 LPM to the first patient and 1.5 LPM to the second patient using a flow splitter. The 
flow splitter works by dividing the flow coming from the concentrator amongst the patients connected to it. 
Please take any action you think necessary, or no action if no action is required. Please speak aloud as you 
consider what action to take as we learn from your process of figuring it out. Please feel free to use any of 
the instructions manuals and supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Adjust concentrator flow meter to 3 LPM

Ensure port 1 of flow splitter delivers 1.5 LPM

Ensure port 2 of flow splitter delivers 1.5 LPM

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.
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Devices & Accessories Used: Participant ID: 

Scenario 5N
 
This scenario assumes a 10 LPM capacity concentrator and a flow splitter with ≥ 5 ports each capable of ≥ 2 
LPM.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON and attached to the flow splitter, but loosen the connection 

between the flow spitter hose and concentrator until there is a significant leak.
 z Attach four cannulas to the flow splitter and connect them to dolls. 
 z Set the concentrator flow to 8 LPM. 
 z Try to set flow splitter outlets with cannula to 2 LPM. Some will not reach 2 LPM due to the leak; ensure 

the leak is significant enough that all are not at 2 LPM. 
 z Check all of the prep items to ensure system is correctly set up. Then ask the participants to turn around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 8

Humidifier Attached to Outlet 1? No

Cannula Attached to Humidifier 1? No: flow splitter

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? Yes

Cannula Attached to Patient 3? Yes

Cannula Attached to Patient 4? Yes

Cannula Attached to Patient 5? No

Flow Splitter Attached to Outlet? Yes: leaky

Flow Splitter Flow settings (LPM) 2 LPM (x4) (try)
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
There are four patients who each need 2 LPM oxygen therapy receiving oxygen from a concentrator 
connected to a flow splitter. The flow splitter works by dividing the flow coming from the concentrator 
amongst the patients connected to it. A new patient has arrived at the hospital. They also require 2 LPM 
oxygen therapy. You have decided to provide 2 LPM oxygen therapy to the new patient using one of the 
unused outlets of the flow splitter without changing the 2 LPM oxygen provided to each of the other four 
patients. Please take any action you think necessary, or no action if no action is required. Please speak 
aloud as you consider what action to take as we learn from your process of figuring it out. Please feel free 
to use any of the instructions manuals and supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Reconnect flow splitter firmly to concentrator to 
eliminate leak
Adjust concentrator flow meter to 10 LPM

Adjust additional external flow meter port to 2 LPM

Connect cannula to external flow meter

Connect cannula to new patient

Adjust all other four ports to ensure 2 LPM delivered 
to the other four patients

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did the participant ensure the remaining patients each have 2 LPM (no more, no less)?
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Devices & Accessories Used: Participant ID: 

Scenario 6N
 
This scenario assumes a 10LPM capacity concentrator and an external flow spitter with ≥5 ports each capable 
of ≥ 2 LPM.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON.
 z Ensure the flow splitter is firmly attached to the concentrator outlet.
 z Set concentrator flow to 5 LPM, and five of the flow meters on the flow splitter each to 1 LPM. 
 z Connect one cannula to each of the five flow splitter outputs, and connect each cannula to a patient doll 

(five total). 
 z Check all of the prep items to ensure system is correctly set up. Wait until the concentrator alarm is 

sounding, then ask the participants to turn around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 2

Humidifier Attached to Outlet 1? No

Cannula Attached to Humidifier 1? No: flow splitter

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? Yes

Cannula Attached to Patient 3? Yes

Cannula Attached to Patient 4? Yes

Cannula Attached to Patient 5? Yes

Flow Splitter Attached to Outlet? Yes

Flow Splitter Flow settings (LPM) 1 LPM (5x)
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
There are five patients each receiving 1 LPM oxygen therapy from a concentrator connected to a flow 
splitter. The flow splitter divides the flow coming from the concentrator amongst the patients connected to 
it. One patient is ready to stop oxygen therapy. Please take any action you think necessary to stop oxygen 
therapy for one patient while continuing 1 LPM oxygen therapy for each of the remaining four patients. 
Please speak aloud as you consider what action to take as we learn from your process of figuring it out. 
Please feel free to use any of the instructions manuals and supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Set one flow meter on the external flow spitter to 0 
LPM
Remove cannula from external flow meter

Remove cannula from patient

Adjust concentrator flow meter to 4 LPM

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Has the participant ever used a flow splitter before?

Did the participant ensure the remaining patients each have 1 LPM (no more, no less)?

Other notes to describe any use error or close call:
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Devices & Accessories Used: Participant ID: 

Scenario 7N
 
This scenario assumes a concentrator with ≥ 3LPM capacity.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON. 
 z Remove the lid from the humidifier bottle, then reattach on the lid but mismatch the threads so that 

there will be a leak that is significant enough to hear and flow feels weak coming out of the cannula. 
 z Attach the Humidifier filled with water to the concentrator.
 z Attach one cannula to the Humidifier and connect it to one of the dolls. 
 z Set the concentrator flow to 3 LPM. 
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 3

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
A new patient arrived at the hospital. It was determined they need 3 LPM oxygen therapy. You have just set 
them up with oxygen therapy from a concentrator that was previously not in-use. Please take any action 
you think necessary, or no action if no action is required. Please speak aloud as you consider what action to 
take as we learn from your process of figuring it out. Please feel free to use any of the instructions manuals 
and supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Disconnect the humidifier from the concentrator

Detach the lid from the humidifier bottle

Attach the lid to the humidifier bottle without leak

Connect the humidifier bottle back to the 
concentrator

Verify the patient is receiving 3 LPM oxygen therapy

Adjust all other four ports to ensure 2 LPM delivered 
to the other four patients

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did participant correctly identify the source of the issue? Why/why not?
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Devices & Accessories Used: Participant ID: 

Scenario 8N (dual flow concentrator only)

This scenario assumes a dual flow concentrator with 8-10LPM capacity, and one nasal cannula rated for 10 
LPM capacity.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Connect an adult cannula that is rated for > 10 LPM capacity to the humidifier.
 z Connect the cannula to the patient doll lying on a bed.
 z Set concentrator to 8LPM. 
 z Put a second doll on a bed or surface to act as the new patient. 
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 8

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Use an adult 
cannula > 
10LPM capacity
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
One patient is currently receiving 8 LPM oxygen therapy from one port on a dual flow concentrator that can 
serve two patients. A second patient has been admitted with pneumonia (reference the second doll). They 
need 3 LPM oxygen therapy with humidification. You have chosen to connect the new patient to the second 
port on the dual flow concentrator to start oxygen therapy. Please take any action you think necessary, or 
no action if no action is required. Please speak aloud as you consider what action to take as we learn from 
your process of figuring it out. Please feel free to use any of the instructions manuals and supplies we have 
provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Explanation that desired oxygen setting of 8LPM + 3 
LPM exceeds the capacity of the concentrator 

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did the participant notice that the required setting of 3 + 8 LPM is not possible for this device before trying 
to connect the second patient and provide 3 LPM? If they first tried to provide 8 + 3, score the scenario as a 
close call.

If they set the device to 3 + 8 LPM, did they correctly identify the reason for the alarm? (ensure they wait 10 
seconds to see any alarm)
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Devices & Accessories Used: Participant ID: 

Scenario 11N
 
This scenario assumes a concentrator with ≥ 3LPM capacity and a power stabiliser device.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up.
 z Plug concentrator into stabiliser. 
 z Ensure a humidifier bottle with water is attached to the concentrator.
 z Cannula is attached to the humidifier and to the doll patient.
 z Switch concentrator ON and wait for it to warm up.
 z Set the concentrator flow meter to 3 LPM. 
 z Switch concentrator OFF. 
 z Switch Stabiliser OFF.
 z Switch concentrator ON.
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Stabiliser Switch OFF

Concentrator Plugged into Outlet? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 3 (but reads 0)

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
A new patient has come to the facility. They need 3LPM oxygen therapy. You have chosen to use this 
concentrator which was previously not in use. You are in the midst of setting up the concentrator to provide 
therapy. Please take any action you think necessary, or no action if no action is required. Please speak aloud 
as you consider what action to take as we learn from your process of figuring it out. Please feel free to use 
any of the instructions manuals and supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Switch power stabiliser ON

Check that the patient is receiving 3 LPM oxygen 
therapy (adjust flow meter if necessary)

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Do you normally use a stabiliser with your equipment?
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Devices & Accessories Used: Participant ID: 

Scenario 16N

Scenario assumes an oxygen concentrator with an external cabinet filter that needs to be changed 
periodically.

System Setup: 
 z Ask the participants to turn their back to the concentrator or leave the room while you set up. 
 z  Ensure the concentrator has flow rate set to 0 LPM, is switched off, but plugged into the power outlet. 
 z The concentrator will have one humidifier attached with water inside.
 z In or near the supply box, have one filter for each of two brands of concentrators be wet and one for 

each of two brands of concentrator be dry, all stored together. The participant will need to select the 
filter that matches the concentrator being used and ensure it is a dry filter. 

 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to join.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch OFF

Warmed Up? No

Flow controller 1 setting (LPM) 0

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? No

Cannula Attached to Patient 1? No

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Flow Splitter Attached to Outlet? No
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Script (read exactly)
It’s time to replace the current cabinet filter in the concentrator with a spare. Please take any action you 
think necessary, or no action if no action is required. Please speak aloud as you consider what action to take 
as we learn from your process of figuring it out. Please feel free to use any of the instructions manuals and 
supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Remove filter door from concentrator (if applicable)

Remove filter from concentrator

Select a dry version of the right filter

Insert filter in concentrator

Close concentrator filter door (if applicable)

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.
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5. Cleaning & Maintenance Knowledge Questions

Have you ever cleaned the following? If so, how often? Can you please describe the process and the materials 
you use?

Dust Filter

Concentrator

Humidifier

Cannula or Mask

6. N/A Repair & Maintenance Section Not Included; it is for BMET Only
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Part C: Product Features Card Sort

In this segment, the moderator is hoping to determine what are the most important features from the 
participant’s point of view. The cards at the end of the guide are used for this activity.

7. List Important Oxygen System Features 

 z (Place cards that say “important to me” and “not important to me” on the table) 

Optional Script
We have an activity for you that is sort of a game. It will help us understand what some of the most 
important features of an oxygen concentrator are for you. Please sort the cards into “important to me” or 
“not important to me”. If there is a feature important to you that is not on these cards, please write it on a 
blank card and sort it with the others. Please speak aloud as you sort as we can learn a lot by your decision 
process.

 z Lay out all feature cards from Nurse set & Universal set. If the participant mentions some features 
not already listed in the deck, the translator will use the blank cardstock cards and a sharpie to list the 
requirements they mention. List them both in English and the participant’s primary language so all 
people can easily remember what each card means. 

 z Take a photo of all the cards with their category titles after the discussion

Why are these cards in the “not important” category? (this is the more important one to discuss)

Why are these other cards in the important category? (in particular, pick a few that surprise you based on 
what you learned in the interview)
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8. Prioritize Top Five Features

 z Remove all the not important feature cards from the table, along with the “not important” and 
“important” cards

Optional Script
Of all of these important features, what are your top five most important features from a Nurse’s 
perspective? We are very interested in learning about how you think about these features. As you try and 
decide how to choose the features, it helps us to hear you think aloud. 

 z Listen and take notes as they sort  
 z Once they picked the top five, place cards that say “most important” and “least important” on top and 

bottom of table  

Optional Script
Can you please sort the top five features in order from what is most important to what is least important for 
your role as a Nurse? We realize different facilities, departments, and individuals may have different needs; 
we are very much interested in what is most important and least important to you and your specific job. 
As you try and decide how to rank the cards, it helps us to hear you think aloud. For us it’s less about the 
answer than learning how you think about these technologies. If you are able, please speak your thoughts 
aloud as you think through them. 

 z Listen and take notes as they sort  
 z Take	a	photo	of	the	final	arrangement	of	top	five	including	header	cards	after	the	discussion	is	

complete

Can you please tell me why these other cards did not make the top 5? (focus perhaps on a few that 
surprised the moderator)

Can you please tell me why the cards are prioritized in this order? (go through each of top five feature 
cards)
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9. Compare Existing Oxygen Systems to Top Five Features

 z Set out card “does not meet requirement at all” on bottom and “meets requirements very well” on top
 z Place one of the five top product feature cards on top. 
 z On the side, provide participants with one card for each of the two provided concentrators and one card 

for each concentrator they have at their facility. Use sharpie to write on blank cards if necessary. 
 z If the feature of focus has to do with the flow meter, humidifier bottle, indicators and alarms, or 

portability features, also lay out the applicable feature cards 

Optional Script
For (product feature shown), can you please sort the oxygen concentrators and other feature cards 
depending on how well they succeed in having this feature? Again, please speak aloud as we learn a lot 
from how you think through this exercise.  

 z Listen and take notes as they sort. 
 z Can you please tell me why you sorted each technology in this way? 
 z Take photo of final card arrangement

Feature 1: 

Feature 2:
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Feature 3: 

Feature 4:

Feature 5:



181

Appendix D: Moderator’s Guide V.1.0

Devices & Accessories Used: Participant ID: 

10. Finale: Is there anything else you think it would be helpful for us to know as we consider the best 
oxygen concentrator system design for you? 
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Appendix D: Moderator’s Guide version: V.1.0

Participant ID: 

BMET Interview Guide

This guide is designed to be printed and used for the moderator to take notes about their observations and 
important participant quotes during the interview. Because the notes will be taken within the corresponding 
section of the interview, it is easier to contextualize the data afterwards. Alternatively, this can be set up in a 
spreadsheet for a note-taker to take digital notes during the interview saving time in data transfer later.

Introduction & Informed Consent
Use the paper informed consent for all interviews. Do not use any recording devices including cameras, video, 
or audio until the informed consent is signed.

Part A: Background & Past Use of Oxygen Concentrators

1. Participant Background 
2. Recent Oxygen Concentrator Story 
3. A Challenging Oxygen Concentrator Story 

Part B: Simulated Use of Provided Oxygen Concentrators

4. Use 
 z Concentrator setup and check oxygen purity (1 scenario)
 z Troubleshooting (8 scenarios)
 z Concentrator Dust Filter Maintenance (1 scenario) 

5. Cleaning and Maintenance Knowledge Questions
 z Changing or cleaning the cabinet filter

6. Repair & Maintenance Knowledge Questions
 z Response to system failure alarm.
 z Concentrator vibrating excessively due to compressor
 z Concentrator starting & stopping due to faulty thermal regulator 
 z Concentrator internal component identification
 z Concentrator component ease of replacement comparison

Part C: Preferred Product Features Card Sort

7. List Important Oxygen System Features 
 z Not Important to Me / Important to Me 

8. Prioritize Top Five Features
 z Most Important to Me / Least Important to Me

9. Compare Existing Oxygen Systems to Top Five Features 
 z Meets the Requirements Well
 z Does not Meet the Requirements
 z Concentrator Cards & Applicable Feature Cards 

10. Finale: Is there anything else you think it would be helpful for us to know as we consider the best oxygen 
concentrator system design for you?
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Part A: Background & Past Maintenance of Oxygen Devices

1. Participant Background

Optional Script
Can you please tell me a bit about yourself including your title and what your role entails? 

Example questions:

 z What is your job title?
 z When did you first start working at this facility? 
 z How many years have you been working in this type of role? How many other places did you work prior?
 z What days and hours do you typically work? 
 z Do you interact with oxygen concentrators as part of your work? If so, can you please describe when, why 

and how often?
 z How many facilities do you serve in a typical month?

Fill out the Participant Background Sheet while the participant talks, or ask them to fill it in directly, add additional 
notes here
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BMET Participant Background Information Worksheet
Please fill this worksheet out for each participant during recruiting, or at the beginning of each interview.

Facility Name

Age

Gender

Year you started work

Your current shift 
(Circle all that apply)

Weekday day Weekday night 

Weekend day  Weekend night

Department

Certifications

Personal frequency of concentrator 
repair or maintenance (circle one)

Never In the last month

 1 month – 1 year ago  Over 1 year ago

Personal frequency of concentrator 
uses or repair/maintenance (circle 
one)

Never < 1 concentrator per month 

1 concentrator per month 1 concentrator per day 

Other types of oxygen you have used 
or repaired or maintained (circle all 
the apply)

Piped Cylinders Other

Have you ever used a dual flow 
concentrator?

Yes No

Have you ever used a flow splitter? Yes No

Have you ever used a power 
stabiliser?

Yes No

Have you ever used an oxygen 
analyser?

Yes No

Have you ever used any of these 
concentrators (circle all that apply)

(list brand and models that will be used in simulated use testing for 
the participant to select)
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2. Recent Oxygen (Concentrator) Story 

Optional Script
We learn a lot from hearing specific stories about how you use oxygen. Can you please think of the most 
recent time you had to perform maintenance on an oxygen concentrator and take us through the full story 
about what you had to do?

Example follow-up questions:

 z (during these stories note challenges and write corresponding product requirements on blank cards that 
are related to the design of the oxygen system)

 z Approximately how long ago did the story take place?
 z Which piece of equipment was it? (if possible, ask to see the exact device the participant is talking about)
 z What did you need to do? How did you know you needed to do it?
 z Did you have all the tools and parts you needed to perform the maintenance? Where did you get the 

right tools and parts?
 z How many people serve this facility and are able to / allowed to perform this type of maintenance or 

repair?
 z Is this story typical of your work with oxygen concentrators? Why or why not?

(During these stories note challenges and what works well)
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3. A Challenging Oxygen Concentrator Story  

Optional Script
Can you please tell us a story of one of the most challenging times you needed to maintain or repair an 
oxygen concentrator and what happened? Why? What did you do?

Example follow-up questions:

 z Approximately how long ago did the story take place?
 z Which piece of equipment was it? (if possible, ask to see the exact device the participant is talking about)
 z What did you need to do? How did you know you needed to do it?
 z Is this story typical of your work with oxygen concentrators? Why or why not? 

(During these stories note challenges and what works well)
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Part B: Simulated Use of Provided Oxygen Concentrators

In this segment of the evaluation, the moderator will ask participants to engage in a series of simulated use 
scenarios relevant to BME(T)s. 

This is designed as a formative evaluation to understand the usability of current concentrators on the market 
in order to highlight opportunities for usability improvement for future concentrator designs. Not training 
should be provided to participants before the scenarios to avoid conflating aspects of correct or incorrect 
use that could be due to the training design with those due to the device design. For this reason, recruited 
only people with prior experience using oxygen concentrators and endeavour to use concentrators and 
accessories with which participants are already familiar during the scenarios.  

Instructions: For each scenario, follow the setup instructions. Then, read the text in the grey script box to the 
participant exactly as it appears. The moderator may repeat the script as many times as the participant may 
ask for it. Feel free to ask questions about what the participant is doing as they perform the tasks if they are 
not talking aloud about their thinking.

4. Use

Participants will perform the following scenarios once. The recommendation is to use only one model of 
concentrator for all scenarios, with the exception that only a dual flow concentrator can be used for certain 
scenarios. All scenarios will be scored based on the rubric below.

Score Meaning Description

3 Pass Participant performed the task correctly.

2 Close Call
Participant came close to making an error. For example, taking a long time to 
complete the task, verbalizing incorrect ideas of how to perform the task, or 
performing it incorrectly, but then correcting it without external assistance.

1 Use Error Participant did not perform the task correctly. 

0 N/A

Participant did not have the opportunity to perform the task. Examples include 
if a participant leaves early before completing all activities, or when a participant 
doesn’t perform the prior tasks making it impossible to perform the current task 
to be scored.

Setup Scenario
 z Scenario 1B - Move concentrator across room and set up therapy for one patient

Troubleshooting Scenarios
 z Scenario 2B – Pinched cannula tube (obstruction) 
 z Scenario 3B – Unplugged concentrator (power interruption) 
 z Scenario 4B – No concentrator flow to flow splitter
 z Scenario 5B - Adding a patient to flow splitter with leaky hose connection
 z No Scenario 6B
 z Scenario 7B - Humidifier bottle top cross-threaded leading to a leak  
 z Scenario 8B – (dual flow concentrator only) flow setting exceeds capacity  
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Scenarios performed by OLI Nigeria only; not as relevant in Kenya
 z Scenario 9B – removed; duplicate of scenario 5B
 z Scenario 10B – removed; duplicate of scenario 5B
 z Scenario 11B – Stabiliser not turned on 

Maintenance Scenario
 z Scenario 16B – Change cabinet filter 

Knowledge Questions
 z Knowledge Question 12B – Response to system failure alarm.
 z Knowledge Question 13B – Concentrator vibrating excessively due to compressor
 z Knowledge Question 14B – Concentrator starting & stopping due to faulty thermal regulator 

Supply Box for Nurse Participants:

 � Two humidifiers
 � Tubes to attach humidifiers as needed
 � Bottles of water to fill humidifiers
 � Five paediatric cannulas, one adult cannula that allows flow > 10 LPM
 � Two filters for each concentrator, out of the package
 � Filter drying rack / something realistic facilities would use to set filters to dry
 � Tube to attach between concentrator and flow splitter.
 � Instructions for use for all concentrators used
 � Instructions for use for humidifier(s)
 � Instructions for use for flow splitter(s)
 � Oxygen analyser
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Scenario 1B
 
This scenario assumes a concentrator with ≥ 3LPM capacity and an oxygen analyser.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Set concentrator flow rate to 0 LPM, power switch off, and plug it into the wall socket. Optionally: plug 

into power stabiliser. 
 z Attach a humidifier with water to the concentrator, but do not attach any cannula. 
 z Put the oxygen analyser on the other side of the room from the concentrator to indicate where 

they should move the concentrator. For an optional challenge condition, have participants relocate 
concentrator across a bump such as a board placed on the floor and/or move the equipment up or down 
a flight of stairs. 

 z Please ensure the instructions for use are available to the participant.
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch OFF

Warmed Up? No

Flow controller 1 setting (LPM) 0

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? No

Cannula Attached to Patient 1? No

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No
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Script (read exactly)
You have been asked to check that all concentrators are in good working order. You will start by moving 
the concentrator across the room to a more convenient location (indicate where). Please use any of the 
supplies provided including the oxygen analyser to perform any checks you would normally do to ensure 
the concentrator is functioning well. Please speak aloud as you consider what action to take as we learn 
from your process of figuring it out. Please feel free to refer to the instructions to inform your answer and 
to use any of the supplies we have provided as you see fit. If you would like to take some time to study the 
instruction manuals before starting, that is acceptable.

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next? Once the scenario is complete, ask the participant about any use errors or close calls that occurred 
to better understand why they might have occurred.

Score:  
Score each task as it is completed. Provide moderator observations and participant quotes to provide 
reasoning for any tasks that had use errors, close calls, or N/A.

3 = pass / 2 = close call / 1 = use error / 0 = N/A  

Tasks Score Moderator Observations & Participant Quotes

Relocate concentrator

Detach humidifier

Is this type of humidifier different in any way from what you 
have used in the past?

Plug concentrator into 
socket

Power on concentrator

During warm-up ask: How do you know when the concentrator 
is ready? What is the meaning of these indicator lights? What is 
the meaning of this display information?
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Tasks Score Moderator Observations & Participant Quotes

Choose a flow rate that is 
compatible with the oxygen 

analyser

Are you familiar with this way to set the flow rate?

Use oxygen analyser 
determine purity

Have you ever used this type of oxygen analyser? Do you 
normally have access to an oxygen analyser?

How was the experience of using this concentrator compared to those you have used before? Was anything 
better? Anything worse? Why?

How was the experience of using this oxygen analyser compared to those you have used before? Was 
anything better? Anything worse? Why?

(If participant used the instructions) Were the manufacturer’s instructions helpful in guiding you? Is there 
any way the instructions could be improved?

What would you normally be looking for to know whether the concentrator was working well?

When do you do maintenance for Concentrators? Is the majority of your maintenance activity preventative 
or repair?
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Scenario 2B
 
This scenario assumes a concentrator with ≥ 3LPM capacity and a humidifier bottle with a safety valve 
pressure that will be triggered during the scenario.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON; attach a clip to block the flow in the tube of the cannula that 

is connected to the patient. 
 z Check all of the prep items to ensure system is correctly set up. If the concentrator typically alarms in this 

mode, wait until the humidifier bottle safety valve alarm is sounding, then ask the participants to turn 
around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 3

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Script (read exactly)
One of the nurses has asked for your help with a concentrator. They are trying to provide 3 LPM oxygen 
therapy to a patient, but they say there is no oxygen coming out. Please take any action you think 
necessary, or no action if no action is required. Please speak aloud as you consider what action to take as 
we learn from your process of figuring it out. Please feel free to use any of the instructions manuals and 
supplies we have provided as you see fit.
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Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Remove clip from cannula tube

Ensure flow meter is set to 3 LPM

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did the participant notice the humidifier bottle safety valve was making a noise?
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Scenario 3B
 
This scenario assumes a concentrator with ≥ 3LPM capacity.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep concentrator running and attached to a patient doll at 3 LPM flow rate. Then unplug the 

concentrator from the power socket. With some devices, this will initiate an alarm. 
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? No

Power Switch ON

Warmed Up? No

Flow controller 1 setting (LPM) 3

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Script (read exactly)
One of the nurses has asked for your help with a concentrator. They set up a concentrator to provide 3 LPM 
oxygen therapy to a patient, but they say now the concentrator is not working. Please take any action you 
think necessary, or no action if no action is required. Please speak aloud as you consider what action to take 
as we learn from your process of figuring it out. Please feel free to use any of the instructions manuals and 
supplies we have provided as you see fit.
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Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Plug concentrator into power socket

Ensure concentrator is delivering 3 LPM

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.
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Scenario 4B
 
This scenario assumes a concentrator with ≥ 3LPM capacity and an external flow spitter with ≥ 2 ports each 
capable of up to 1.5 LPM.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON. 
 z Remove the Humidifier and attach the flow splitter. 
 z Connect two cannulas to two flow splitter ports and the other ends to two dolls. 
 z Set the concentrator flow to 3 LPM and adjust two flow splitter settings each to 1.5 LPM, then decrease 

the concentrator flow to 0 LPM. With some concentrators, this may lead to an alarm.
 z Check all of the prep items to ensure system is correctly set up. Then ask the participants to turn around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 0

Humidifier Attached to Outlet 1? No

Cannula Attached to Humidifier 1? No: flow splitter

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? Yes

Cannula Attached to Patient 3? No

Cannula Attached to Patient 4? No

Cannula Attached to Patient 5? No

Flow Splitter Attached to Outlet? Yes

Flow Splitter Flow settings (LPM) 1.5 LPM (x2)
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Script (read exactly)
One of the nurses has asked for your help with a concentrator that is using a flow splitter. The flow splitter 
divides the flow coming from the concentrator amongst multiple patients. The nurse says they are trying 
to give one patient 1.5 LPM oxygen and the second patient 1.5 LPM oxygen, but they are not able to get 
any oxygen to come out of the flow splitter. Please take any action you think necessary, or no action if no 
action is required. Please speak aloud as you consider what action to take as we learn from your process of 
figuring it out. Please feel free to use any of the instructions manuals and supplies we have provided as you 
see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Adjust concentrator flow meter to 3 LPM

Ensure port 1 of flow splitter delivers 1.5 LPM

Ensure port 2 of flow splitter delivers 1.5 LPM

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.
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Scenario 5B
 
This scenario assumes a 10 LPM capacity concentrator and a flow splitter with ≥ 5 ports each capable of ≥ 2 
LPM.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON and attached to the flow splitter, but loosen the connection 

between the flow splitter hose and concentrator until there is a significant leak.
 z Attach four cannulas to the flow splitter and connect them to dolls. 
 z Set the concentrator flow to 10 LPM. 
 z Try to set flow splitter outlets with cannula to 2 LPM. Some will not reach 2 LPM due to the leak; ensure 

the leak is significant enough that all are not at 2 LPM. 
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 10

Humidifier Attached to Outlet 1? No

Cannula Attached to Humidifier 1? No: flow splitter

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? Yes

Cannula Attached to Patient 3? Yes

Cannula Attached to Patient 4? Yes

Cannula Attached to Patient 5? Yes

Flow Splitter Attached to Outlet? Yes: leaky

Flow Splitter Flow settings (LPM) 2 LPM (x5) (try)
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
One of the nurses has asked for your help with a concentrator that is using a flow splitter. The flow splitter 
divides the flow coming from the concentrator amongst multiple patients. They have set up the system to 
supply oxygen therapy to five patients through a flow splitter with each patient receiving 2 LPM. However, 
they say they can’t get the settings to work to provide 2 LPM to all of the children. Please take any action 
you think necessary, or no action if no action is required. Please speak aloud as you consider what action to 
take as we learn from your process of figuring it out. Please feel free to use any of the instructions manuals 
and supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Reconnect flow splitter firmly to concentrator to 
eliminate leak
Adjust concentrator flow meter to 10 LPM

Adjust additional external flow meter port to 2 LPM

Connect cannula to external flow meter

Connect cannula to new patient

Adjust all other four ports to ensure 2 LPM delivered 
to the other four patients

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did the participant ensure the remaining patients each have 2 LPM (no more, no less)?
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Devices & Accessories Used: Participant ID: 

Scenario 7B
 
The scenario assumes a concentrator with ≥ 3LPM capacity.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Keep the concentrator plugged in and ON. 
 z Remove the lid from the humidifier bottle, then reattach on the lid but mismatch the threads so that 

there will be a leak that is significant enough to hear and flow feels weak coming out of the cannula. 
 z Attach the Humidifier filled with water to the concentrator.
 z Attach one cannula to the Humidifier and connect it to one of the dolls. 
 z Set the concentrator flow to 3 LPM. 
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 3

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
One of the nurses has asked for your help with a concentrator. They have set up the system to supply 
oxygen therapy to one patient at 3 LPM, but they aren’t getting much flow coming out of the cannula. 
Please take any action you think necessary, or no action if no action is required. Please speak aloud as you 
consider what action to take as we learn from your process of figuring it out. Please feel free to use any of 
the instructions manuals and supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Disconnect the humidifier from the concentrator

Detach the lid from the humidifier bottle

Attach the lid to the humidifier bottle without leak

Connect the humidifier bottle back to the 
concentrator

Verify the patient is receiving 3 LPM oxygen therapy

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did participant correctly identify the source of the issue?



202

Appendix D: Moderator’s Guide V.1.0

Devices & Accessories Used: Participant ID: 

Scenario 8B (dual flow concentrator only)

This scenario assumes a dual flow concentrator with 8-10LPM capacity, and one nasal cannula rated for 10 
LPM capacity.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up. 
 z Connect an adult cannula that is rated for > 10 LPM capacity to the humidifier.
 z Connect the cannula to the patient doll lying on a bed.
 z Set concentrator to 8LPM. 
 z Put a second doll on a bed or surface to act as the new patient. 
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 8

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Use an adult 
cannula > 
10LPM capacity
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
One of the nurses has asked for your help with a concentrator. They are trying to set up a dual flow 
concentrator to supply 3LPM oxygen therapy to one patient and 8 LPM oxygen therapy to a second patient, 
but the concentrator is malfunctioning. Please take any action you think necessary, or no action if no 
action is required. Please speak aloud as you consider what action to take as we learn from your process of 
figuring it out. Please feel free to use any of the instructions manuals and supplies we have provided as you 
see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Explanation that desired oxygen setting of 8LPM + 3 
LPM exceeds the capacity of the concentrator 

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Did the participant notice that the required setting of 3 + 8 LPM is not possible for this device before trying 
to connect the second patient and provide 3 LPM? If they first tried to provide 8 + 3, score the scenario as a 
close call.

If they set the device to 3 + 8 LPM, did they correctly identify the reason for the alarm? (ensure they wait 10 
seconds to see any alarm)
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Devices & Accessories Used: Participant ID: 

Scenario 11B
 
This scenario assumes a concentrator with ≥ 3LPM capacity and a power stabiliser device.

System Setup: 
 z Ask the participants to turn their back to the concentrator while you set up.
 z Plug concentrator into stabiliser. 
 z Ensure a humidifier bottle with water is attached to the concentrator.
 z Cannula is attached to the humidifier and to the doll patient.
 z Switch concentrator ON and wait for it to warm up.
 z Set the concentrator flow meter to 3 LPM. 
 z Switch concentrator OFF. 
 z Switch Stabiliser OFF.
 z Switch concentrator ON.
 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to turn 

around.

Prep:

Setting Check

Cabinet filter present? Yes

Stabiliser Switch OFF

Concentrator Plugged into Outlet? Yes

Power Switch ON

Warmed Up? Yes

Flow controller 1 setting (LPM) 3 (but reads 0)

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? Yes

Cannula Attached to Patient 1? Yes

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
One of the nurses has asked for your help with a concentrator. They are trying to set it up to supply 3LPM 
oxygen therapy to one patient, but they say the concentrator is not functioning. Please take any action you 
think necessary, or no action if no action is required. Please speak aloud as you consider what action to take 
as we learn from your process of figuring it out. Please feel free to use any of the instructions manuals and 
supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Switch power stabiliser ON

Check that the patient is receiving 3 LPM oxygen 
therapy (adjust flow meter if necessary)

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.

Do you normally use a stabiliser with your equipment?
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Devices & Accessories Used: Participant ID: 

Scenario 16B
 
Scenario assumes an oxygen concentrator with an external cabinet filter that needs to be changed 
periodically.

System Setup: 
 z Ask the participants to turn their back to the concentrator or leave the room while you set up. 
 z Ensure the concentrator has flow rate set to 0 LPM, is switched off, but plugged into the power outlet. 
 z The concentrator will have one humidifier attached with water inside.
 z In or near the supply box, have one filter for each of two brands of concentrators be wet and one for 

each of two brands of concentrator be dry, all stored together. The participant will need to select the 
filter that matches the concentrator being used and ensure it is a dry filter. 

 z Check all of the prep items to ensure the system is correctly set up. Then ask the participants to join.

Prep:

Setting Check

Cabinet filter present? Yes

Concentrator plugged into power socket? Yes

Power Switch OFF

Warmed Up? No

Flow controller 1 setting (LPM) 0

Humidifier Attached to Outlet 1? Yes

Cannula Attached to Humidifier 1? No

Cannula Attached to Patient 1? No

Flow controller 2 setting (LPM) 0

Humidifier Attached to Outlet 2? No

Cannula Attached to Humidifier 2? No

Cannula Attached to Patient 2? No

Flow Splitter Attached to Outlet? No

Flow Splitter Attached to Outlet? No
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Devices & Accessories Used: Participant ID: 

Script (read exactly)
It’s time to replace the current cabinet filter in the concentrator with a spare. Please take any action you 
think necessary, or no action if no action is required. Please speak aloud as you consider what action to take 
as we learn from your process of figuring it out. Please feel free to use any of the instructions manuals and 
supplies we have provided as you see fit.

Tasks Score  
3 = pass 
2 = close call 
1 = use error 
0 = N/A)

Remove filter door from concentrator (if applicable)

Remove filter from concentrator

Select a dry version of the right filter

Insert filter in concentrator

Close concentrator filter door (if applicable)

Ask:  
Encourage speaking aloud by asking - What is happening right now? Why do you think that? What would you 
do next?

Observe and Note: 
Do they encounter any difficulties? Do they make any use errors? Do they have trouble understanding any 
aspects of use? Once the scenario is complete, ask the participant about any use errors or close calls that 
occurred to better understand why they might have occurred.
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Devices & Accessories Used: Participant ID: 

5. Cleaning & Maintenance Knowledge Questions

 z Do you ever need to change or clean the cabinet filter on the concentrators? If yes, how often? What is 
the process? If not, who does this instead of you?

Do you ever need to change or clean the cabinet filter on the Concentrators? If yes, how often? What is the 
process? If not, who does this instead of you?

6. Repair & Maintenance Knowledge Questions 

The moderator should ask the following knowledge questions, exactly delivering each script as written. The 
moderator should score the response during the interview and include notes such as verbatim transcript 
from the user to justify their scoring.

Score Meaning Description

3 Correct Participant provided a complete and correct answer.

2
Partially 
Correct

Participant came close to making an error. For example, taking a long time to 
answer the question, verbalizing incorrect answers and then correcting their 
responses without external assistance, or providing an incomplete response.

1 Incorrect Participant did not provide a correct answer.

0 N/A
Participant did not have the opportunity to answer the questions. Examples 
include if a participant leaves early before this portion of the interview, or the 
moderator forgets to ask the question.
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Participant ID: 

Knowledge Question 12B 

Assumes a concentrator control panel to reference that has a single system fault light for all system faults.

Script
A nurse has called because the concentrator has been giving an alarm. This light is on and the alarm is 
sounding. (point to the system failure light on the concentrator control panel). What troubleshooting steps 
would you take to determine the cause of the alarm? 

Answer: looking for participant to mention the following (check off which they mention):

 � Check power coming from socket
 � Check for faulty extension cable
 � Check if fuse is faulty
 � Check the compressor
 � Check sensor that might hinder the operation of compressor
 � Check for leakages
 � Check for blocked internal pipes
 � Check sieve beds 
 � Check the pump

Moderator observations and participant quotes / additional elements mentioned: Score:
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Participant ID: 

Knowledge Question 13B 

Script
A nurse has contacted you complaining that the concentrator has been vibrating excessively. What 
approach would you take to troubleshooting the problem? What might be the sources of the problem? 
Please speak aloud as you consider what action to take as we learn from your process of figuring it out. 

Answer: looking for participant to consider that the compressor could be loose and needs to be refastened to 
the housing.

Moderator observations and participant quotes 

Have you ever encountered a situation like this with an oxygen concentrator? If so, what did you do?

Score:
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Participant ID: 

Knowledge Question 14B 

Script
A nurse has contacted you complaining that the concentrator has been turning on and off during use. What 
approach would you take to troubleshooting the problem? What might be the sources of the problem? 
Please speak aloud as you consider what action to take as we learn from your process of figuring it out. 

Answer: looking for participant to consider that the thermal regulator or sensor may be faulty, or the device 
may be operating in an environment that is too warm.

Moderator observations and participant quotes 

Have you ever encountered a situation like this with an oxygen concentrator? If so, what did you do? How? 
Why?

Score:
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Participant ID: 

Concentrator Repair Component Interview

Unplug and disassemble two concentrators so all internals are visible. Ideally, the two concentrators are 
examples of different internal component layouts and components that may look visually different from 
each other so the participant can compare and contrast. The participants will be asked to look at the interior, 
identify various components, and talk about replacement.)

Please have both concentrators open during these initial questions so the participant can refer to the 
equipment when providing their response.

What is your approach to servicing concentrators? Please walk us through what you do. (intent to 
understand preventative maintenance)

Which internal or external parts do you find most frequently break on your concentrators? Why?

What could best be improved in the design of a concentrator to be easy to maintain?
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Participant ID: 

Concentrator Component Identification 

Optional Script
Please identify the following components on these concentrators and tell me what is the function of each 
component. 

(read the list of components on the table one by one).

Function of Component? 
(write verbatim what they 
say)

Component Correctly  
Identified?

Replaced 
Before? (y/n)

Conc 1 Brand/ 
Model:

Conc 2 Brand/ 
Model:

Compressor Inlet 
Filter

Bacteria Filter

Sieve beds

Fuse or reset 
button

Cooling fan(s)

Compressor

Pressure regulator

Solenoid Valve(s)

Transformer
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Participant ID: 

Function of Component? 
(write verbatim what 
they say)

Component Correctly  
Identified?

Replaced 
Before? (y/n)

Conc 1 Brand/ 
Model:

Conc 2 Brand/ 
Model:

Capacitor(s)

Hour Meter

Control Panel & 
PCB

Oxygen Reservoir

Oxygen 
Concentration / 
Purity Indicator
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Participant ID: 

Concentrator Component Replacement Comparison 

Optional Script
For the components you have replaced before, can you please tell me your opinion of which concentrator 
has the easier to replace component, or if they are the same and why? Feel free to list one or more of the 
Concentrators we provided or other concentrators you have worked with in the past. 

(Proceed component by component and only ask about components participant has replaced before) 

In which device(s) is the component easier 
to replace?

Why?

Compressor Inlet 
Filter

Bacteria Filter

Sieve beds

Fuse or reset 
button

Cooling fan(s)

Compressor

Pressure regulator

Solenoid Valve(s)

Transformer
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Participant ID: 

In which device(s) is the component easier 
to replace?

Why?

Capacitor(s)

Hour Meter

Control Panel & 
PCB

Oxygen Reservoir
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Participant ID: 

Part C: Product Features Card Sort

In this segment, the moderator is hoping to determine what are the most important features from the 
participant’s point of view. The cards at the end of the guide are used for this activity.

7. List Important Oxygen System Features 

 z (Place cards that say “important to me” and “not important to me” on the table)

Optional Script
We have an activity for you that is sort of a game. It will help us understand what some of the most 
important features of an oxygen concentrator are for you. Please sort the cards into “important to me” or 
“not important to me”. If there is a feature important to you that is not on these cards, please write it on a 
blank card and sort it with the others. Please speak aloud as you sort as we can learn a lot by your decision 
process.

 z Lay out all feature cards BMET set & Universal set. If the participant mentions some features not already 
listed in the deck, the translator will use the blank cardstock cards and a sharpie to list the requirements 
they mention. List them both in English and the participant’s primary language so all people can easily 
remember what each card means.  

 z Take a photo of all the cards with their category titles after the discussion

Why are these cards in the “not important” category? (this is the more important one to discuss)

Why are these other cards in the important category? (in particular, pick a few that surprise you based on 
what you learned in the interview)
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Participant ID: 

8. Prioritize Top Five Features

 z Remove all the not important feature cards from the table, along with the “not important” and 
“important” cards

Optional Script
Of all of these features, what are your top five most important features from a BME/BMET perspective? 
We are very interested in learning about how you think about these features. As you try and decide how to 
choose the features, it helps us to hear you think aloud. 

 z Listen and take notes as they sort 
 z Once they picked the top five, place cards that say “most important” and “least important” on top and 

bottom of table listen and take notes as they sort

Optional Script
Can you please sort the top five features in order from what is most important to what is least important 
for your role as a BME / BMET? We realize different facilities, departments, and individuals may have 
different needs; we are very much interested in what is most important and least important to you and your 
specific job. As you try and decide how to rank the cards, it helps us to hear you think aloud. For us it’s less 
about the answer than learning how you think about these technologies. If you are able, please speak your 
thoughts aloud as you think through them.

 z Listen and take notes as they sort
 z Take	a	photo	of	the	final	arrangement	of	top	five	including	header	cards	after	the	discussion	is	

complete.

Can you please tell me why these other cards did not make the top 5? (focus perhaps on a few that 
surprised the moderator)

Can you please tell me why the cards are prioritized in this order? (go through each of top five feature 
cards)
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Participant ID: 

9. Compare Existing Oxygen Systems to Top Five Features

 z Set out card “does not meet requirement at all” on bottom and “meets requirements very well” on top
 z Place one of the five top product feature cards on top. 
 z On the side, provide participants with one card for each of the two provided concentrators and one card 

for each concentrator they have at their facility. Use sharpie to write on blank cards if necessary. 
 z If the feature of focus has to do with the flow meter, humidifier bottle, indicators and alarms, or 

portability features that have additional available feature cards, lay out these additional relevant 
examples of features

Optional Script
For (product feature shown), can you please sort the oxygen concentrators and other feature cards 
depending on how well they succeed in having this feature? Again, please speak aloud as we learn a lot 
from how you think through this exercise. 

 z Listen and take notes as they sort. 
 z Can you please tell me why you sorted each technology in this way? 
 z Take	photo	of	final	card	arrangement

Feature 1: 

Feature 2: 
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Participant ID: 

Feature 3: 

Feature 4: 

Feature 5:
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Participant ID: 

10. Finale: Is there anything else you think it would be helpful for us to know as we consider the best 
oxygen concentrator system design for you?
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PREFERRED PRODUCT FEATURE CARDS

Instructions
Print in black and white; cut along the lines. Ideally print on thick paper or card stock. For multilingual 
interviews, the same phrase can be written in two or more languages on a single card. Here is an example 
of a Swahili and English dual language flashcard. Dual language cards assist in interpreting the data for 
moderators or analyzers who may have different primary languages during and after the sessions.

Muhimu Zaidi Kwangu
Most Important to Me

Not Important to Me

Important to Me

Most Important to Me
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Least Important to Me

Meets Requirement Well

Does Not Meet Requirement At All

Final
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Nurse Feature Cards 
These are the list of various features that might be discussed with Nurses. For multilingual interviews, the 
same phrase can be written in two or more languages on a single card. 

Quick to Set Up for a New Patient

Easy to Set Oxygen Flow Rate

Easy to See Flow Setting +/- 0.5 LPM

Easy to See Flow Setting +/- 0.25 LPM

Easy to See Flow Rate Setting from 1m Away

System Fault Alarm
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High Temperature Alarm

Alarm When Power Interruption

Provides Oxygen During Power Interruption

Auto Start when Power Interruption is Done

Provides Up to 10 LPM Oxygen

Provides Up to 8 LPM Oxygen

Provides Up to 5 LPM Oxygen at Half Price of 10LPM
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Provides Down to 1 LPM Oxygen

Provides Down to 0.5 LPM Oxygen

Provides Down to 0.25 LPM Oxygen

Provides Down to                 LPM Oxygen

Serves 2 Patients at the Same Time; Same Flow

Serves 2 Patients at the Same Time; Different Flow

Compatible with 5-Way Flow Splitter Accessory
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Will Not Allow Drawing More than Max Flow

Easy to Move Up & Down Stairs

Easy to Move Between Rooms

Easy to Move Between Beds

Easy to Move by Motorbike

Easy to Move by Car

Lightweight (less than 25kg)
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Lightweight (less than 30kg)

Lightweight (less than 30kg)

Lightweight (less than 30kg)

Lightweight (less than 30kg)

Lightweight (less than 30kg)

Lightweight (less than 30kg)

Lightweight (less than 30kg)
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High-Tech Appearance

Easy to Connect Humidifier

Protects Humidifier from Breaking

Easy to Clean

Displays Oxygen Concentration

Internal Backup Battery Lasts 1 Hour

Internal Backup Battery Lasts                   Hours
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Shows Run Time Since Turned On

Low Electricity Use

Works after 6 Months in Storage

Integrated Voltage Stabilizer

Integrated Surge Protector
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BMET Feature Cards  
These are the list of various features that might be discussed with BMET. For multilingual interviews, the 
same phrase can be written in two or more languages on a single card. 

Easy to Change Fuse

Standard Fuse

Easy to Access Inside Cabinet

Quick Change Sieve Beds

Universal Sieve Beds

Refillable Sieve Beds
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Easy to Test Sieve Bed Pressures

Reparable with Standard Tools

Easy to Replace Cooling Fan

Easy to Replace Compressor

Easy to Test Compressor

Easy to Replace Flow Meter

Easy to Replace Power Switch
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Common Power Switch

Easy to Test Pressure Regulator

Easy to Replace Pressure Regulator

Easy to Test Rotary Valve

Easy to Replace Rotary Valve

Screen with Error Codes for Faults in Cabinet

Screen with Error Codes for Faults on Exterior
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Oxygen Concentration Display in Cabinet



235

Appendix D: Moderator’s Guide V.1.0

Universal Feature Cards   
These are the list of various features that might be discussed with Nurses and BMET. For multilingual 
interviews, the same phrase can be written in two or more languages on a single card

Durable Flow Meter

Alarm When Device Requires Service

Signal When Filter Needs Changing

Signal 1 Day Before Filter Needs Changing

Signal 1 Week Before Filter Needs Changing

Signal 1 Month Before Filter Needs Changing
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Quick to Change Dust Filter

Reusable, Washable Dust Filter

Universal Dust Filter

No Need to Change Dust Filter

Dust Filter Change No More than Every Month

Dust Filter Change After Every Patient

Dust Filter Change No More than Every            _
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Reminder Indicator for Dust Filter Change

Universal Air Intake Filter

Reminder Indicator for Air Intake Filter Change

Advanced Warning Indicator of Sieve Bed Change

Advanced Warning Indicator Before Oxygen 
Concentration too Low

Alarm When Oxygen Concentration Too Low

Easy to Install out of the Box
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Low Electricity Use

Compatible with Solar Panels

Compatible with Car Battery

Shows Cumulative Hours Used

Works after 1 Month in Storage

Works after                     Months in Storage

Easy to Replace Power Cord



239

Appendix D: Moderator’s Guide V.1.0

Permanently Attached Power Cord

Visual Instructions for Use

CD with Instructional Videos

Online Instructional Videos
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Blank Feature Cards for participant write-in.
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CONCENTRATOR CARDS

Instructions
Create your own digital file that looks like the page below. For every concentrator included in the 
evaluation, provide an image (not an illustration) of it on the card and write the brand and model name 
at the top. Each concentrator should have a unique number to make conversation with participants easy. 
Print in color; cut along the lines. Ideally print on thick paper or card stock.

 1 [Brand and Model of Device]

[place photographic  
image of a device used in  

evaluation here]

 2 [Brand and Model of Device]

[place photographic  
image of a device used in  

evaluation here]

 3 [Brand and Model of Device]

[place photographic  
image of a device used in  

evaluation here]

 4 [Brand and Model of Device]

[place photographic  
image of a device used in  

evaluation here]
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Instructions
Ideally print on thick paper or card stock. Cut along lines. During sessions, these blank cards will be used 
to write the names of the Concentrators at the facility that may come up during the evaluation. The 
numbers should be unique compared to other concentrator cards included in the evaluation.

 5  6

 7  8
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FLOW ADJUSTMENT CARDS

Instructions
Black and white illustrations of different features are provided below. Print and cut along the lines.  
Ideally print on thick paper or card stock. In some cases, participants may find a photo of the features 
much easier to understand than an illustration. Depending on the intended participants, consider  
creating a set of cards that includes photos instead of illustrations of various features for easier 
identification and feedback.

 1 Knob with Ball Indicator  2  Recessed for Protection

3 Turn Wheel with Ball Indicator 4 Touch Panel & Digital Display

6

3

0

—5

—4

—3

—2

—1

—0

+

–

5.0 L/min

FLOW
UP

FLOW
DOWN
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 5 Turn Dial
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HUMIDIFIER POSITION CARDS

Instructions
Print and cut along the lines. Ideally print on thick paper or card stock. In some cases, participants may 
find a photo of the features much easier to understand than an illustration. Depending on the intended 
participants, consider creating a set of cards that includes photos instead of illustrations of various 
features for easier identification and feedback.

 1   On Top or Corner  2   Front Hole

3   Front Bracket 4  Integral Humidifier
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INDICATORS & ALARMS CARDS

Instructions
Print and cut along the lines. Ideally print on thick paper or card stock. In some cases, participants may 
find a photo of the features much easier to understand than an illustration. Depending on the intended 
participants, consider creating a set of cards that includes photos instead of illustrations of various 
features for easier identification and feedback.

 1 Use Instructions to Decode  2 Use Instructions to Decode 

3   Use Icons to Decode 4  Use Icons to Decode

Red 
Alarm 
Light

Red 
Service 
Required 
Light

Green/
Red O2 
Purity 
Light

Yellow 
Low O2 
Purity 
Light

Off/ 
Red 
Service 
Required 
Light

Green 
Good O2 
Purity 
Light

Green 
/Red 
Power 
Light

Red / Yellow Alarm Light

On / Flashing/ Off
On / Flashing/ Off

Yellow 
Check 
System 
Light

Green 
Power 
Light

O2

O2

O2

I/O
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 5  Use Icons to Decode  6
 

7  8

Many Lights;
Use Letters to Decode

Digital Numerical Display 
for O2 Purity 

Multiple Lights for O2 
Purity

Normal 
O2 purity 
(Green 
Light)

O2 Purity
< 82%
(Yellow 
Light)

O2 Purity
< 75%
(Red 
Light)

A B C

Ok O2 Purity  
& Power  
(Green Light)

Low O2 Purity 
or Device 
Malfunction 
(yellow light)

L.O2 - low O2 purity (red light)
H.02 - high O2 purity (blue light)
H.T - overheated (red light)
L.P - low pressure (yellow light)
H.P - high pressure (red light)
P.F - power failure (red light)
P.O - power (green light)

O2

OK L.O         H.O2                H.T  L.P   H.P  P.F         P.O

PURITY 55%
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PORTABILITY CARDS

Instructions
Print and cut along the lines. Ideally print on thick paper or card stock. In some cases, participants may 
find a photo of the features much easier to understand than an illustration. Depending on the intended 
participants, consider creating a set of cards that includes photos instead of illustrations of various 
features for easier identification and feedback.

 1     Top Handle  2   Low side handles 

3   Large rear wheels 4  Four small wheels


