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ABSTRACT
Background: Pneumonia heavily contributes to global under-five mortality. Many countries
use community case management to detect and treat childhood pneumonia. Community
health workers (CHWs) have limited tools to help them assess signs of pneumonia. New
respiratory rate (RR) counting devices and pulse oximeters are being considered for this
purpose.
Objective: To explore perspectives of CHWs and national stakeholders regarding the poten-
tial usability and scalability of seven devices to aid community assessment of pneumonia
signs.
Design: Pile sorting was conducted to rate the usability and scalability of 7 different RR
counting aids and pulse oximeters amongst 16 groups of participants. Following each pile-
sorting session, a focus group discussion (FGD) explored participants’ sorting rationale.
Purposive sampling was used to select CHWs and national stakeholders with experience in
childhood pneumonia and integrated community case management (iCCM) in Cambodia,
Ethiopia, Uganda and South Sudan. Pile-sorting data were aggregated for countries and
participant groups. FGDs were audio recorded and transcribed verbatim. Translated FGDs
transcripts were coded in NVivo 10 and analysed using thematic content analysis.
Comparative analysis was performed between countries and groups to identify thematic
patterns.
Results: CHWs and national stakeholders across the four countries perceived the acute
respiratory infection (ARI) timer and fingertip pulse oximeter as highly scalable and easy for
CHWs to use. National stakeholders were less receptive to new technologies. CHWs placed
greater priority on device acceptability to caregivers and children. Both groups felt that heavy
reliance on electricity reduced potential scalability and usability in rural areas. Device simpli-
city, affordability and sustainability were universally valued.
Conclusions: CHWs and national stakeholders prioritise different device characteristics
according to their specific focus of work. The views of all relevant stakeholders, including
health workers, policy makers, children and parents, should be considered in future policy
decisions, research and development regarding suitable pneumonia diagnostic aids for
community use.
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Background

Globally, pneumonia is one of the leading causes of
death amongst children under five years of age. It is
estimated that 15% of all child deaths can be attrib-
uted to pneumonia [1,2]. The vast majority of the 120
million annual cases of childhood pneumonia occur
in low- and middle-income countries (LMIC), parti-
cularly those in sub-Saharan Africa and Southeast
Asia [3].

The World Health Organization (WHO) defines
childhood pneumonia as the presence of cough and/
or difficult breathing with an elevated respiratory rate
(RR) [4]. This classification is used in the WHO
Integrated Management of Childhood Illness (IMCI)

and integrated community case management (iCCM)
guidelines to enable presumptive diagnosis of pneumo-
nia according to clinical features. For children present-
ing with cough and/or difficult breathing, this
approach requires counting the child’s RR for one
minute, usually with the assistance of the United
Nations Children’s Emergency Fund (UNICEF)-issued
acute respiratory infection (ARI) timer [5] to track the
necessary counting time. The accuracy of this method
of counting is low amongst community health workers
(CHWs) [6–8], contributing to issues of both over-
treatment and under-treatment amongst children with
pneumonia [9].

Recently, there has been interest in utilising new
technology to create simple tools that assist frontline
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health workers in identifying and classifying signs of
childhood pneumonia, through RR counting and
other novel methods [10]. Pulse oximeters can detect
hypoxemia (SpO2 < 90%), a clinical feature of severe
pneumonia warranting oxygen therapy [11]. As well
as indicating severe disease, hypoxemia in children
with pneumonia is a significant risk factor for mor-
tality [12–14]. Measuring children’s oxygen satura-
tion in community settings could improve
identification of severe disease requiring oxygen ther-
apy and predict cases where oral antibiotic treatment
may fail [15,16].

In medical settings, RR counting devices and pulse
oximeters are not referred to as ‘diagnostic’ tools for
pneumonia, because altered RRs and oxygen saturations
occur in many diseases. However, an elevated RR in
children with cough is predictive of pneumonia and is
used in the iCCM/IMCI context by frontline health
workers to identify suspected pneumonia. If pulse oxi-
metry is incorporated into future pneumonia guidelines,
hypoxemia will likely be a diagnostic indicator of severe
disease requiring referral to a health facility with oxygen.
For these contextual reasons the devices in this study are
referred to as pneumonia diagnostic aids.

To achieve maximum impact, the use of new diag-
nostic aids should be prioritised by Ministries of Health
(MoH) and integrated into national guidelines [17].
There is a lack of data on the views of end users (frontline
health workers) and procurers, such as MoH and non-
governmental organisation (NGO) staff, which could
ideally inform the development of diagnostic aids.
Moreover, there is limited knowledge of CHWs’ percep-
tions of which characteristics are important for pneumo-
nia diagnostic aids. This study sought to gain insights
from two principal groups of stakeholders, CHWs and
national stakeholders, in four countries located in
Southeast Asia and sub-Saharan Africa; Cambodia,
Ethiopia, Uganda and South Sudan.

Methods

Study countries

All four study countries have high under age-five mor-
tality rates with a significant burden of childhood

pneumonia (Table 1). The MoH in each country sanc-
tions programmes using CHWs to diagnose and treat
children under five years with pneumonia through the
framework of iCCM [18]. CHWs are mainly situated in
rural, isolated and resource-poor areas of countries with
limited access to formal medical care. The selection of
countries was based on their relevant iCCM operating
context, Malaria Consortium’s capacity in each country
and to provide a meaningful study incorporating a broad
range of contextual settings in the final results. All coun-
tries selected have a high proportion of under-five death
caused by pneumonia (16–21%) and all are implement-
ing MoH-defined policies where pneumonia is assessed
and treated at community level. However, the CHW
program delivering these services varies substantially in
how it is set up in the different countries, in terms of
length of training, literacy level of the CHWs and RR
timing devices used by CHWs (Table 2).

CHWs in each country are referred to by different
local names: extended village malaria workers
(Cambodia); health extension workers (Ethiopia);
community drug distributors (South Sudan); and vil-
lage health team members (Uganda). For the sake of
simplicity, the term ‘community health workers’ was
used to collectively refer to these groups.

Study design

Qualitative methodology was used in this study. The
combination of pile-sorting activities and focus group
discussions (FGDs) was designed to comprehensively
explore participant attitudes and perspectives towards
various diagnostic devices.

Table 1. Under-five mortality and pneumonia statistics for
each study country.

Under-five
mortality rate
2013 (per 1000
live births)[19]

Percentage of
under-five

mortality caused
by pneumonia

(%)[20]

Children with
pneumonia

symptoms who
receive antibiotics
2009–2013 (%)

[19]

Cambodia 38 17 39
Ethiopia 64 18 7
South Sudan 99 20 33
Uganda 66 16 47

Table 2. Overview of community health worker (CHW) programs in the study countries.
Cambodia Ethiopia South Sudan Uganda

Number of CHWs 800 27,000 8000 30,000
Local name for CHW Extended village malaria

worker (eVMW)
Health extension
worker (HEW)

Community drug
distributor (CDD)

Village health team member
(VHT)

Length of initial training 5 days (2 days’ malaria
training and 3 days’ sick
child case management
training)

1 year 6 days 11 days (5 days’ basic training
and 6 days’ sick child
management training)

Literacy level Low High Extremely low Low–medium
Current pneumonia
diagnostic tool

ARI timer Wrist watch/ARI timer ARI timer with beads ARI timer

Catchment area 130–150 households 400–500 households 250–300 households 250–500 households
Average case load per
month

8 12 9 12
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Sampling and participants

Sampling of all participants was purposive. Invitations
to attend were extended to a large range of regional
and national programme implementers involved in
child health and pneumonia. This included represen-
tatives of national and regional MoH, regional health
bureaus, multilateral organisations such as UNICEF,
and relevant NGO staff working at regional and
national levels. CHW participants were selected from
lists of active CHWs in the relevant country region:
Ratanakiri province in Cambodia; Southern Nations,
Nationalities and People’s Regional State in Ethiopia;
Mpigi district in the Central Region of Uganda; and
Aweil centre and west counties in Northern Bahr El
Ghazal state in South Sudan. Practical experience in
diagnosing children with pneumonia was required.

Pile-sorting activities with accompanying FGDs
were held with national stakeholders in each country.
All countries held an additional three FGDs with
CHWs, with the exception of Uganda due to time
constraints (Figure 1). A total of 31 national and
regional stakeholders and 63 CHWs participated.
The numbers of FGDs were chosen to achieve max-
imum thematic saturation amongst both groups of
participants, balanced with the available time and
resources.

Data collection

FGDs were held with national stakeholders and
CHWs, in conjunction with a pile-sorting exercise
of pneumonia diagnostic devices during December
2014 and January 2015 across the four countries.
Pile sorting is a qualitative method used mainly in
social sciences and health research. It aims to capture
participants‘ opinions or experiences by having them
sort word, item or picture cards into piles that classify
a range of opinions or categories of interest [21].
Conducting FGDs immediately following the pile-
sorting activity was designed to capture and explore
participants’ decision-making rationale for their
sorting.

Seven device types were demonstrated to partici-
pants with an accompanying explanation of their
functions and costs (Table 3). Following the demon-
stration, devices were handed around amongst parti-
cipants and a question and answer session was held.

These included:

● The ARI timer (and additional counting beads
in South Sudan), the current tool used for pneu-
monia diagnosis amongst CHWs in all four
countries;

● A fingertip pulse oximeter;
● A handheld pulse oximeter;
● A smartphone application which tracks the

breaths counted when the screen is tapped on;
● A simple feature phone application which tracks

the breaths counted when a button is pressed;
● A pulse oximeter probe attaching to a smartphone;
● A joint device combining the RR counting appli-

cation and a pulse oximeter probe using the
same smartphone (only shown to some groups
in Ethiopia, South Sudan and Uganda).

Individual participants placed cards with various
device names into different piles according to their
perceived usability, and again for their perceived scal-
ability. The piles were pre-determined by the research-
ers (Table 4). The facilitator recorded the overall pile-
sorting results (i.e. how many times a device was
placed into each pile) in a pro forma results table.

During the FGD, participants were questioned on
the rationale behind their sorting choices using a
uniform semi-structured question guide. This guided
the discussion and ensured the same points were
covered for each device, including the positive and
negative aspects of the devices which participants felt
were relevant to usability and scalability. Trained
facilitators moderated the activities and FGDs in the
participants’ local languages, or in English if partici-
pants were fluent. Participant numbers determined
whether debriefing was conducted in FGD or inter-
view format. FGDs/interviews were conducted in pri-
vate meeting rooms and were audio recorded in full.
Verbatim transcriptions (and translations if required)
were performed afterwards. Full transcripts were used

EthiopiaCambodia South Sudan Uganda

2 F.G.Ds

(10 S.Hs)

3 F.G.Ds

(15 C.H.Ws)

3 F.G.Ds

(24 C.H.Ws)

2 F.G.Ds

(7 S.Hs)

2 F.G.Ds

(5 S.Hs)

3 F.G.Ds

(24 C.H.Ws)

2 F.G.Ds

(9 S.Hs)

Pile sorting 

activities and 

F.G.Ds exploring 

preferences 

surrounding new 

diagnostic tools 

Figure 1. Number of FGDs held in each study country with total participant numbers in brackets.
Notes: SH = stakeholder, CHW = community health worker.
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for analysis purposes. Research assistants recorded
field notes throughout each FGD. Afterwards these
were summarised into ‘fairnotes’ and were used for
the preliminary analysis of results in each coun-
try [22].

In Cambodia, the full transcript for one national
stakeholder FGD was not available and instead only
the fairnotes were used for analysis purposes. In
Uganda, two national stakeholders declined to parti-
cipate in the pile-sorting activity or interviews but
instead described their opinions on the devices in
written form. Despite not conforming to the research
protocol, this data was included in the analysis as the
main interview questions were addressed.

Data analysis

Results from the pile-sorting exercises were collated
in Microsoft Excel (2011). All transcripts were
imported into NVivo 10 software [23] for sorting
and coding. Codes were assigned using a combina-
tion of inductive and deductive approaches. These
codes and sub-categories were categorised and the-
matic content analysis [24] was performed.

Comparative interpretation [25] was performed on
the data to explore the differences and similarities in
thematic content between countries and between
CHWs, national and regional stakeholders. This
method allowed exploration into which opinions
and experiences were universal, compared to those
that were country or group specific, and the possible
explanations for these phenomena.

Results

Pile-sorting activity

The full results of the pile-sorting activity can be seen
in Figures 2 and 3. Overall, a much higher percentage
of CHWs placed devices in pile 1 (able to use or scale
up, with or without reservations) compared with
national stakeholders. Both groups rated the fingertip
pulse oximeter and the device currently used in

Table 3. Descriptions of device types used in the pile-sorting activity.
Device type Device description Example device Features Price

Non-automated Non-automated devices include tools that
support the manual counting of chest
movements, by indicating when to
start and stop counting. Currently
produced by Moneray and procured by
UNICEF

Acute Respiratory
Infection (ARI)
timer

Durable; low cost; long battery
life; easy to use; requires
little training

USD 4.82

Assisted counting RR
device

Devices that support an assisted count, by
automating or negating the need for
manual counting of each chest
movement. Mobile software
applications in the category of assisted
count work when CHWs tap the screen
or press buttons for each chest
movement. Can run on feature phones
or simple smartphones

RR smartphone app Easy to use; fast result; doesn’t
require counting skills; gives
outcome

Free + cost of phone
(approx. 70–150 USD)

Respirometer
Feature phone
app

Easy to use; fast result; doesn’t
require counting skills; low
cost; gives outcome

Free + cost of phone
(approx. 20–50 USD)

Handheld pulse
oximeter

Oximeters that were traditionally
designed for professional rather than
for home use. Many of them are
suitable for adults, children and young
infants, since oxygen is measured using
a finger external sensor that can be
purchased separately for paediatric and
neonatal use

Lifebox Rechargeable; long warranty
life; robust; reusable probes

USD 250

Mobile phone pulse
oximeter

These devices function by connecting a
pulse oximeter to a smartphone and
then reading the oxygen saturation of
the patient using an app installed on
the phone with the oxygen values of
the patient shown on the display of the
phone. Requires a more advanced
Android smartphone

Masimo iSpO2 Anti-motion technology;
neonatal probe; high-spec
phone required

USD 150 + cost of phone
(approx. 150–200 USD)

Finger-tip pulse
oximeter

These affordable, easy-to-use pulse
oximeter devices incorporate the probe
and the device in one unit

Contec Rechargeable batteries
(charger provided)

USD 40

Table 4. Definitions of stage two pile-sorting categories.
Usability

Pile 1 Able to use the device in the community setting
Pile 2 Able to use the device with reservations in the

community setting
Pile 3 Possibly unable to use the device in the community

setting
Pile 4 Unable to use the device in the community setting
Scalability
Pile 1 Feasible to scale up
Pile 2 Feasible with reservations to scale up
Pile 3 Possibly unfeasible to scale up
Pile 4 Unfeasible to scale up
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standard practice, the ARI timer, highly in regards to
usability. National stakeholders were extremely posi-
tive about the scalability potential of the ARI timer
compared to the other device options (70% placed it
in pile 1 and none in pile 4). CHWs had more varied
perceptions of this device’s scalability (63% and 15%
placed it in groups 1 and 4, respectively). National
stakeholders rated the scalability and usability of the
smartphone pulse oximeter poorly (86% placed it in
pile 3 or 4 for scalability and 61% did so for usabil-
ity). The fingertip pulse oximeter’s usability and scal-
ability were rated highly by both national
stakeholders and CHWs.

Themes arising from FGDs

Cost

CHWs and national stakeholders in all countries
deemed the price of pneumonia diagnostic aids to
be a significant factor in determining future scale-
up. Many national stakeholders questioned who
would be responsible for supplying the aids to
large numbers of CHWs in each country. They gen-
erally expressed a preference for less expensive
devices, such as the ARI timer and the fingertip

pulse oximeter, and this is reflected in their scalabil-
ity pile-sorting results (see Figure 3). CHWs also
raised this issue and suggested if a device had a
high price, donors would be unlikely to fund their
purchase. Other CHWs were concerned they may be
required to buy their own device, or pay for broken
devices and stated they could not afford the high-
cost items such as smartphones, the smartphone
pulse oximeter and the handheld pulse oximeter.
In South Sudan the feature phone was considered
expensive, whereas in other countries CHWs and
national stakeholders described these phones as
being widely possessed:

In our country there are about 30,000 HEW [health
extension workers] and about 16,000 health posts.
You are not supposed to buy for all of these. It is
quite difficult. We have to think of this issue.
(Ethiopian national stakeholder)

Furthermore, in South Sudan the risk of theft of
high-cost devices such as smartphones was consid-
ered high. One national stakeholder raised concerns
that thieves would specifically target CHWs because
of these devices. Some CHWs were worried about
the personal responsibility they would have for
repaying the cost if devices were stolen, lost or
damaged:

Figure 2. Graphs depicting the pile-sorting allocations of
community health workers (CHWs) and national stakeholders
in relation to usability (joint device not included due to low
participant numbers).

Figure 3. Graphs depicting the pile-sorting allocations of
community health workers (CHWs) and national stakeholders
in relation to scalability (joint device not included due to low
participant numbers).
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This device can even create insecurity to the CDDs
[community drug distributors] when the robbers see
you holding it. (South Sudanese national stakeholder)

In Ethiopia, a CHW and national stakeholder both
stated that devices performing multiple functions (i.e.
measuring the RR and oxygen saturation or heart rate
and oxygen saturation) would be considered more
cost-effective. A small number of participants in all
countries favoured the concept of dual-purpose
devices (i.e. a smartphone with pulse oximeter and
RR counting capabilities or the additional use of
mobile phones for communication purposes),
although most did not explicitly mention cost-effec-
tiveness as a reason.

In Cambodia two national stakeholders discussed
resource allocation dilemmas. This included the rela-
tive benefits of purchasing expensive new diagnostic
aids for CHWs versus spending the same amount of
money on extra training for CHWs on identifying
danger signs in unwell children, purchasing medica-
tions or providing patients with transportation to
hospital:

What are the causes that our volunteers do not
understand the symptoms of pneumonia, both for
the newborn and those aged under five? In order to
enable the community to know the symptoms, we
need to spend money. So, if we have only $100,
should we spend the money on the training of how
to identify the danger signs or should we spend it on
a smartphone? (Cambodian national stakeholder)

Electricity, batteries and charging

Participants in both groups frequently mentioned the
lack of access to electricity in large areas of all four
countries. They discussed potential difficulties if aids
were highly reliant on electricity for charging. This
was widely considered one of the greatest barriers to
all the electronic devices being usable or scalable,
including mobile phones. Some Cambodian CHWs
explained they may be able to access a communal
‘heat store’ or generator to charge devices but this
would not be possible in all villages. South Sudanese
CHWs stated devices relying on electricity could only
be used in larger towns, as more remote villages had
no power. Furthermore, Ethiopian CHWs described
needing to walk long distances to access power to
charge batteries or devices:

As to me, the health post has no electric power
access and it is about two to three hours’ walking
distance to get electric power. In our case, the electric
power access is in one of the schools found in our
kebele [municipality – the smallest administrative
division]. It has a distance of two to three hours.
Therefore, it is difficult to send the phone with
students for charging at regular basis.
(Ethiopian CHW)

Due to limited electricity access, CHWs and
national stakeholders preferred devices with a long
battery life. Frequent or daily charging of devices was
seen as a barrier to usability and scalability. Many
participants liked the long battery life of the ARI
timer. However, some CHWs reported difficulties
with ARI timers from personal experience. They
also mentioned that if electricity access was challen-
ging and/or the battery life was limited, devices
would be useless for ongoing assessment of unwell
children:

Sometimes it runs out of battery in a week. The
battery can be corroded easily. (Cambodian CHW)

Participants gave suggestions on how to use elec-
tric devices in remote areas. The idea most frequently
mentioned was providing access to solar panels to
ensure regular charging:

If we have a small solar panel to charge the battery, it
will be much better and much more convenient. We
can charge the battery anywhere we want, and we
can use the instrument for a long time.
(Cambodian CHW)

Simplicity in the use of diagnostic tools

Participants in both groups stated simplicity was
essential to tool usability and scalability. Devices pro-
ducing automated results, such as pulse oximeters,
the RR-counting mobile phone applications and the
joint device, were most appreciated by both stake-
holders and CHWs. The ARI timer’s inability to
produce automated results reduced its perceived
usability for some in Cambodia and Ethiopia and
other CHWs described it as being confusing to use:

The fingertip pulse oximeter is easy to use because
you simply insert a finger and it displays the read-
ings. (Ugandan national stakeholder)

In countries where some CHWs are illiterate or
have low education levels, importance was placed on
aids being easy to use and ‘convenient for all indivi-
duals either educated or not’ (Ethiopian national
stakeholder). Most comments on this issue came
from national stakeholders and CHWs in South
Sudan. Attributes of aids considered important for
these users included: having a minimal number of
steps to get results; requiring little or no reading;
colour-coded classification of results indicating pre-
sence or absence of disease; and requiring no
advanced technological knowledge to operate the
device:

Because [it] is not simple to operate such a phone by
someone who is illiterate and also it have a lot of
instructions to follow. (South Sudanese CHW)
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For the simple phone, we can see the members in
VHSGs [Village Health Support Groups] or VMWs
[Village Malaria Workers] are mostly old people.
Most of the members in VHSGs only know how to
receive a phone call or can only make a call to a
certain number. It is difficult for us to train them to
use the phone. (Cambodian national stakeholder)

Moreover, CHWs in Ethiopia and Cambodia sta-
ted they liked the disease classification system of the
feature phone application, which minimised the need
to interpret results using separate guidelines. It was
noted the other RR counting tools lacked this char-
acteristic. Participants in Ethiopia particularly felt this
attribute would make the assessment and referral
process simpler.

There was resistance to the use of new technolo-
gical aids, especially smartphones, by national stake-
holders across the four countries. Many felt these
devices would be too complicated for CHWs to mas-
ter, and teaching CHWs to use ‘high tech’ devices
would be time-consuming. This concern was less
prominent amongst CHWs. Many national stake-
holders and CHWs preferred familiar technology,
such as the existing ARI timer or simple mobile
phones:

I am afraid that it is too modern and complicated so
that it will be difficult to use. Our volunteers get used
to using simple Nokia [feature] phone because it is
useful for them and it is also very convenient to use.
(Cambodian national stakeholder)

Other simplifying attributes included clear display
of results in a large format for older CHWs with poor
eyesight, and instructions and steps written in the
local language.

Accuracy of diagnostic tool results

Participants in both groups highlighted the need for
accurate aids to assist in classification of children
with pneumonia. CHWs emphasised the need for
accuracy when discussing problems with the ARI
timer, which they often described as being inaccurate.
National stakeholders expressed concerns about the
accuracy of tools that required CHWs to count
breaths for less than one minute and then produced
an automated RR. They felt this would produce inac-
curate RRs for children with irregular breathing, or
amplify mistakes in the counting process:

The other drawback of the application [feature
phone application] is it doesn’t count full one min-
ute, it gives estimated number of breath just after
tenth or twentieth breath. This implies that it is not
appropriate for irregular breathing pattern.
(Ethiopian national stakeholder)

Participants reflected on the inherent inaccuracy
of CHWs needing to count children’s breaths with

distractions such as children crying, moving or other
people talking, leading to the need to repeat counting
multiple times. This was most commonly mentioned
by CHWs referring to previous experiences using the
ARI timer.

Both CHWs and national stakeholders liked the
smartphone RR counting application which allows
users to validate their count findings by listening to
the calculated RR and comparing it with the child’s
actual RR. They felt this increased its accuracy and
usability.

Durability and sustainability of diagnostic
tools

Both groups of participants raised sustainability con-
cerns, both directly and indirectly, during the FGDs.
Some mentioned that devices that were not durable
or suited to the environment were inappropriate to
scale up, because they would easily break and not be
replaced. Environmental hazards that CHWs specifi-
cally mentioned included: water exposure; being
damaged whilst carried in bags; being dropped; or
being broken by children during the assessment.
National stakeholders raised fewer concerns about
aids being damaged.

National stakeholders preferred aids to be low-
maintenance. For some devices, such as the pulse
oximeters, Ethiopian CHWs and national stake-
holders mentioned the impediment of not being
able to buy replacement probes or batteries in local
shops. Referring to experiences of previous programs
and NGO initiatives, some Ethiopian and Cambodian
national stakeholders emphasised aids should be sup-
plied in a sustainable manner, using CHWs’ existing
mobile phones where possible, rather than providing
new phones that might promote donor dependency:

If they can use the instruments for only one year,
then the instruments are not usable anymore, we do
not support them with more instruments. Therefore,
is what we give them sustainable? (Cambodian
national stakeholder)

Acceptability to parents, CHWs and children

Generally, CHWs placed greater emphasis on the
need for future aids to be acceptable to children and
parents than did national stakeholders. They reported
children would not like noisy devices (such as the
ticking ARI timer) or those that involved attaching
unfamiliar objects to their bodies (in the case of pulse
oximeter probes). Cambodian CHWs expressed the
greatest amounts of concern on this issue. They felt
children would be most comfortable with familiar
objects such as mobile phones. Parental acceptability
was also considered. CHWs described that parents
would prefer aids where they could read the results

GLOBAL HEALTH ACTION 7



themselves and understand their implications. This
characteristic was highlighted for the joint device and
other pulse oximeter devices:

When I use it to count breathing, the children do not
know that I count breathing and they may think that
I am using a mobile phone. The children do not
know so they are not frightened. (Cambodian CHW)

Acceptability of aids to CHWs themselves was
important. CHWs preferred tools that were: small
and portable; ‘modern’ but simple to use; able to
perform multiple functions; and able to provide auto-
mated results. They expressed a preference for
devices producing fast results. However, national
and regional stakeholders did not highlight the
importance of devices producing automated results
with the same conviction as CHWs. National stake-
holders also acknowledged that device portability
would be important to usability.

In South Sudan two participants mentioned that
certain devices, such as smartphones, might cause
problems beyond CHWs’ work. The concern was
that husbands may be jealous of their wives having
a new and expensive phone and may take it for their
own use, creating tensions at home.

Discussion

The breadth of different views on pneumonia diag-
nostic aids transpiring from the research activities
can be seen amongst the different participant groups.
Allocations made by participants in the pile-sorting
activities were based on multiple factors, as demon-
strated by the many themes that emerged from the
FGDs. CHWs and national and regional stakeholders
prioritised different characteristics when rating the
potential scalability of aids. National stakeholders
placed increased emphasis on the need for cost-effec-
tiveness and sustainability. CHWs acknowledged
these same characteristics, but also discussed the
importance of aids being acceptable to parents,
CHWs and children. Both groups acknowledged the
problem of using electronic devices in areas without
reliable access to electricity. Regarding usability, par-
ticipants in both groups generally preferred devices
that were accurate, simple to use and produced auto-
mated results. CHWs were more open to new tech-
nology, as evidenced by their positive perceptions of
the usability and scalability of smartphone devices,
the feature phone ‘app’ and handheld pulse oximeter.
National stakeholders favoured using CHWs’ existing
mobile phones or the ARI timer as tools, citing famil-
iarity and acceptability, although the significantly
lower cost of these options potentially influenced
their reasoning.

The differing focuses of the groups can be
understood in light of their various practical

experiences and responsibilities. NGO and MoH
stakeholders are invested in ensuring that the sup-
ply and distribution processes of any new pneumo-
nia diagnostic aids are uncomplicated and
inexpensive. Alternatively, CHWs are more con-
cerned with practical issues of using devices with
children and parents. Both aspects are crucial to the
uptake and use of any future pneumonia diagnostic
aids in low-income countries. Considering the het-
erogeneity between study countries, the consistency
of themes across the countries and stakeholder
groups is striking. Most major country differences
were in relation to the suitability of devices to the
specific country context and CHW capabilities,
further described in what follows.

The majority of participants in both groups rated the
ARI timer highly on usability and scalability in the pile-
sorting activity (see Figures 2 and 3). Amongst national
stakeholders, 97% placed it in piles 1 or 2 for scalability
and 94% for usability. CHWs were similarly receptive
(94% placed it in piles 1 or 2 for usability and 81% for
scalability). This is surprising considering comments
made by CHWs in the FGDs describing the device as
confusing to use and inaccurate. Additionally, previous
findings from FGDs conducted with CHWs in the same
countries found that many CHWs had practical diffi-
culties using the ARI timer, such as losing count of the
child’s breaths, the time-consuming nature of counting
breaths for one minute and then repeating the counting,
and low parental confidence in the ARI timer’s use
(unpublished data, Malaria Consortium).
Observational studies have demonstrated that CHWs’
RR counting is correct in only 39–71% of cases [6–8].
Yet, CHWs and national stakeholders considered the
ARI timer’s familiarity, low technology requirements,
portability, simplicity and low cost to be very important.

As an alternative RR counting aid, many CHWs
felt the smartphone RR counting app would be usable
(98% placed it in pile 1 or 2 for usability). However,
national stakeholders were less positive and raised
scalability concerns due to cost and technology
requirements. There is a need for continued research
and development into improved RR counting aids,
particularly considering the importance placed on RR
counting in current WHO pneumonia diagnosis algo-
rithms. In acknowledgement of this current deficit,
UNICEF’s supply division released a target product
profile for new Acute Respiratory Infection
Diagnostic Aids (ARIDA) in 2014 [10]. The vast
majority of the key parameters listed in this product
profile correlate with important device characteristics
discussed by CHWs and national stakeholders in the
FGDs, with the exception of the need for devices to
have a high level of safety or that it should be easy to
maintain hygiene.

Pulse oximeters, particularly the fingertip pulse
oximeter, were well received by CHWs and national
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stakeholders. The fingertip pulse oximeter was
deemed the most usable and scalable in the pile-
sorting activity. One hundred per cent of CHWs
placed it in pile 1 or 2 for usability and 93% of
national stakeholders placed it in pile 1 or 2 for
scalability. Its portability and simplicity were espe-
cially liked. However, as yet, there is no defined role
for pulse oximetry within the iCCM cough/difficult
breathing algorithm. Future community use of pulse
oximeters may enable CHWs to better identify which
children require hospital referral and which can be
safely managed in the community, thus improving
the quality of case management practices and limiting
unnecessary referrals [26]. Although hypoxaemia
(SpO2 < 90%) is predictive of poor outcomes, less is
known about the significance of mildly abnormal
SpO2 findings (90–94%) to oral antibiotic treatment
failure in the community [27]. Research to explore
the potential usefulness of joint devices is also
required, as initial perceptions amongst study parti-
cipants were positive. If provisions for pulse oximetry
are included in future algorithms, our results indicate
the pulse oximeters would be acceptable to CHWs
and national stakeholders.

Recent research into the use of mobile health
(mHealth) approaches to pneumonia diagnostics
and the IMCI algorithm suggests potential benefits
for health care workers and patients [28–31].
However, the energy-dependent nature of most new
pulse oximeters, RR counting aids and mobile phones
needs to be addressed before devices are rolled out
for community use. The lack of electricity in rural
areas, where CHWs often live and work, was men-
tioned as a drawback to device usability and scalabil-
ity in all countries by both national stakeholders and
CHWs. Alternative power sources such as solar
panels, or use of rechargeable batteries with multiple
spare sets, would be essential if devices such as smart-
phones or pulse oximeters were introduced. Similarly,
longevity of battery life between charging episodes is
essential in regions where access to power is limited.

Different diagnostic aid attributes were consid-
ered important in the various countries. For exam-
ple in South Sudan, where a large proportion of
CHWs have low literacy and numeracy levels,
devices that did not require reading or counting
would be more important than in a country such
as Ethiopia where CHWs have a high level of educa-
tion. Therefore, in some cases it might be beneficial
to choose different aids in various settings, instead
of enforcing a ‘one size fits all’ approach. The
emphasis should be to ensure all aids are accurate,
affordable and acceptable to the communities where
they will be used.

For all new diagnostic aids, further field evaluation
is necessary to determine the accuracy and accept-
ability of CHWs’ use of devices on neonates and

children in community settings. Additionally, robust
assessment is needed to quantify the possible public
health impact and cost-effectiveness of scaling up
new diagnostic aids. This will not only help to eval-
uate currently available devices but will provide
future guidance and inspiration for designing tech-
nology for health workers in low-resource settings.
Funding to support improved diagnostic aids will
require a concerted multi-partner approach and
should be given serious consideration by policy
makers. Further exploration of potential public–pri-
vate partnerships in this field may be warranted.

Study limitations

The multi-country nature of this study provided
methodological benefits and challenges. Despite rig-
orous attempts to standardise data collection meth-
ods in the four countries with global research
protocols and question guides, slight discrepancies
were inevitable. The moderators in each country con-
ducted FGDs in different styles, possibly affecting
responses. There was a lack of consistency in collect-
ing demographic data about the FGD participants
themselves, thus it has not been reported in this
paper. The joint RR counting/pulse oximetry device
was not available for demonstration in the majority of
groups, which meant it was not included in the pile-
sorting activity. Due to the small number of partici-
pants who were able to evaluate this device it is
difficult to draw conclusions regarding CHW and
stakeholder perspectives. Further research and trials
on joint devices are required to accurately inform
future decision-making.

The sample size of two or three FGDs per country
for national stakeholders and CHWs was a limitation,
as full thematic saturation amongst sub-groups of
participants was not consistently achieved. National
stakeholders came from varied backgrounds and
expressed more diverse opinions than CHWs
Although considerable efforts were made by the
research team to invite all appropriate country and
regional stakeholders to participate, it is likely that
some relevant stakeholders were missed inadver-
tently. In retrospect, a snowball sampling method
might have deepened the pool of potential partici-
pants and could be considered in similar future stu-
dies. The absence of CHW FGDs was an obvious
limitation in Uganda.

Conclusions and recommendations

This research highlights a diversity of opinions and
factors that contribute to the usability and scalability
of pneumonia diagnostic aids. National stakeholders
and CHWs have different priorities when assessing
devices for possible use. However, simplicity and
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affordability emerged as key characteristics from both
groups. It is important to acknowledge that different
settings will have different requirements based on
available financing, electricity availability and health
worker education. To ensure aids are acceptable and
sustainable, the views and opinions of both frontline
health worker users and health service implementers
and funders must be incorporated into the develop-
ment, manufacturing and procurement process of
current and future diagnostic aids. Further research
and evaluation are required on the potential use of
pulse oximeters by CHWs in pneumonia diagnosis,
but our results indicate that certain devices are accep-
table to the majority of CHW users, MoH officials
and programme implementers.
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Paper context

Pulse oximeters and new respiratory rate counting devices
are proposed as improved tools for the community assess-
ment of childhood pneumonia. Views from two main
stakeholder groups – community health workers and
national stakeholders – indicate that there is a broad
range of perspectives regarding key device characteristics.
Variation exists between the two groups’ opinions of
device usability and scalability. Affordability, sustainabil-
ity and simplicity are important attributes for diagnostic
tools to be useful and acceptable in community settings.
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