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Introduction
Due to the prevalence of malaria in African
region, people associate having warm body
with the disease and react by taking medicine against malaria. Childhood infections
are very common in the area and it is one of
the factors that can cause a person’s growth
to slow down, especially in combination with
under-nutrition (Eveleth and Tanner, 1990).
Most households do not own a temperature
measuring device, whereas at many village
health centers they are often broken and/
or unavailable. The current method for fever
diagnosis of people in Uganda is frequently
observed as intuitive, subjective and sometimes inaccurate. Taking medicine mistakenly, when the patient does not have fever may
ignite drug-resistant bacteria and parasites,
leading to major health problems in the longterm. An objective diagnosis method would
help mothers and healthcare workers to
make more informed decisions about fever
and non-fever. This will prevent unnecessary
visits to the doctor and over-use of medication, as well as saving finances.
Leiden University Medical Center initiated a
project with Delft University of Technology to
address this problem, with the goal to develop a frugal product, service or system to objectively measure fever and non-fever.
This project is divided into two phases, spread

over one year period. This report is the result
of the first phase, a five-month project of ‘Asli
Design’ team from the Industrial Design Engineering department of Delft University of
Technology, in collaboration with the Leiden
University Medical Center in the Netherlands
and Masindi District Health Office in Uganda.

mendations and further implementation plan
are presented as a starting point for the next
phase of the project.

The project used the approach of frugal innovation which is defined as designing and producing products, systems and services that
are customized for developing countries. The
aim is to develop it to be simpler, more durable and cheaper than the ones sold in western countries. The first part of the project was
done in the Netherlands to identify the problems, gather as much information regarding
the user and context, relevant technologies
and possible design directions. The second
part including field research, idea generation,
conceptualization and rough prototypes was
conducted in Uganda. This ensured for the
product to be feasible and locally accessible.
Afterwards, the team returned to the Netherlands for finalizing the design and presenting
the final design to stakeholders.
The final design of a frugal thermometer is
presented as a result of the project, including
the details of interaction, working principle,
business and distribution models. Recom-
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2. Project Description
2.1. The Project
Under the umbrella of the Frugal Innovation
and Technology Networks with Africa as a cooperation between the Universities of Leiden,
Delft and Erasmus, a frugal medical device
was proposed to be developed by the Faculty of Industrial Design Engineering (IDE) of
Delft University of Technology and the Leiden
University Medical Center (LUMC). LUMC
and IDE have the aim to develop a medical
device that can measure accurately the temperature of women and children in Africa.
The project name is: ’50 cent frugal thermometer for mother and child in Africa’ and aims
to combine the strengths of both universities
(LUMC: medical and anthropology, IDE: user
centered design and business models). This
should result in a device to accurately detect
fever as well as non-fever in an early stage
and which is accessible for local populations
in Africa.

The team is composed by one strategic product designer, Caspar Smits (The Netherlands)
and three Integrated Product Designers, Alkistis Kokorikou (Greece), Eleonora Ibragimova (Uzbekistan) and Jingwen Yao (China).
Coming from different bachelor programs, all
members contribute to the diversity in the
team with their knowledge and experience.
Additional help was received from Paula
Dencher, a research assistant at the Leiden
University Medical Center, with her medical
expertise on the topic.

2.3. Project initiators

2.2. The student team

From the TU Delft side, the team is coached
by dr.ir. Jan Carel Diehl, assistant professor
for the Design for Sustainability (DfS) department and ir.Annemiek van Boeijen, assistant professor at Industrial Design/Design
Aesthetics department at the Industrial Design Engineering faculty.

Asli Design is a team of four Industrial Design
Engineering master students from Delft University of Technology. Asli means “original” or
“real” in multiple languages, as Turkish and

Jan Carel’s main focus in research is the
know-how transfer and implementation of
sustainable product innovation into an international context. Annemiek’s main focus is

To explore the opportunities, a student team
was assigned to carry out the project.
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Hindi. As the name suggests, the team aspires to design original products and service
systems to improve people’s lives.

culture in design; understanding the concept
of culture and how to cope with it in design
processes, design methods and techniques.
In addition, both their research is focused on
Base of the Pyramid (BoP) projects.
Prof. dr. Ria Reis is the initiator of the project. She is Professor of medical anthropology
at Leiden University Medical Center (LUMC)
and Fellow of the African Studies Centre in
Leiden. Her research focus is on children and
youth’s health and well-being.
Dr. Niels Chavannes is a physician and associate professor at LUMC. Niels specializes
in Chronic Obstructive Pulmonary Disease
(COPD) in low- and middle-income countries.
He has experience in field research in Uganda
related to medical issues.
There are no commercial parties involved as
the project is purely academic.

2.4. The Vision
The vision of the team is:
“A world where everyone can have access to
the basic needs of life, such as food, water,
energy, accommodation and have a good
quality of life overcoming poverty”.

Figure 1. Asli design team with John Kirungi, the representative from District Health Office in Masindi district, Uganda
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Our vision is a world where everyone can have
access to the basic needs of life, such as food,
water, energy, accommodation and have a
good quality of life overcoming poverty.

3. Design Process
3.1. Project scope
The concept is approached from a local-to-global perspective. This means that
the product is designed specifically for a particular area or target group, so the details are
designed and the product solves the need of
actual people or communities. On realization,
the product can be expanded and tested in
other areas. In this project the initial target
group is proposed to be mothers, with flexibility to redefine the target group, depending
on the needs which are extracted from literature and field research.

3.2. Project phases
The project will consist of two phases spread
over one year period. At the end of the two
phases, the goal is set to have a product, service or system that is tested, solves an actual user need, has a viable business strategy
with ready-to-go technology and is ready for
distribution.
Asli design focuses on the first phase which
takes place from September 2013 to January 2014. The first phase includes exploring
the different problems, generating solutions
in terms of concepts, exploring the different
BoP/frugal business models and developing
one prototype of the concept which has the

highest potential, for presentation and validation purposes.
After the contribution by Asli Design team,
the continuing team will take the results of
the first phase of the project and validate the
concept, execute the business strategy, embody and develop the product as the second
phase of the project.

3.3. Design Process
The Design process of this project is described
in the Figure 2. The project started off with a
problem definition. The problem mainly was
originated by Ria Reis from the LUMC and
J.C. Diehl of TU Delft as part of the Frugal
Innovation and Technology Networks with
Africa. Derived from the past experiences of
living and working in Africa, and the vision
of the network, this project was decided to
solve the problem of over-using of medicine
as a possible result of inaccurate detection of
fever. In discussion with both sides, the target was to address some of the most vulnerable members of the society – the women and
babies. We would also consider the health
care workers as an additional target group.
The team decided on a design of a thermometer, because it is the essential diagnostic tool
for addressing fever-related symptoms. The

study shows that most of the households in
Uganda currently do not own a thermometer.
Designing a malaria-diagnosing tool was an
idea, but was rejected since it was considered excessive for a person without a thermometer.
The process included the approach of a local-to-global perspective. This meant that we
would design a thermometer specifically for
a particular area and target group in a village
or district in one of the African countries, so
that the product will solve the needs of actual
people in communities. The specific context
to start with was chosen to be Uganda due
to previous experiences and established networks of the project coordinators in Uganda.
On realization, the product can be expanded
and tested in other areas.
The next step in the process was to research
the literature on the user and context in
Uganda, causes and consequences of fever
and febrile diseases, use of thermometers,
medical aspects, methods for field research,
frugal products, existing technologies for detection of temperature and business models
suitable for developing countries.
Based on the literature research the team
found a list of missing gaps that had to be
investigated in the field. These included a list
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of hypotheses and research questions that
had to be validated and addressed by observation and communication in the actual context.
The team further created a list of requirements that a final product and/or service
system would address. These requirements

were consulted at every stage in the process.
Through ethnographic approach and methods of observation, interviews and contextual inquiry, the team conducted a field research in Uganda. With local people and
healthcare workers, co-participatory design
sessions resulted in creation of ideas and

Figure 2. Complete design process of the frugal thermometer project

12

concepts. These were further developed into
rough prototypes and tested with the users.
The process involved various iterations.
Evaluating the concepts ignited certain improvements on the idea, and another round
of concept-generation and prototypes were
done until a desired result was achieved. The

evaluations allowed improvement and refinement of our concepts. This step included a
detail design, plan of a business and distribution model, and manufacturing details of the
proposed solution.
In the end, the detailed design and final prototype was done with the aim of testing and
implementation in the next phase by the next
team.

on Africa, websites of multinational NGOs
and health organizations, scientific articles
and web-catalogs, and expert opinions
were implemented nvestigated. Other findings that could not be validated or questions
that could not be answered through literature were listed as hypotheses to validate in
the field afterwards.
In the field research phase, qualitative meth-

ods were implemented to unveil people’s social, political, economic and cultural opportunities and barriers in their own words (IDEO,
2008). Through ethnographic approach, not
only a holistic view of the relevant topics was
developed, but also the way women and their
babies cope with (non)-fever was zoomed in.
Primary data and information was collected
via the methods: Visual Anthropology, Contextual Inquiry, Shadowing, Focus Group

3.4. Methods
Designing a medical thermometer for mothers and health care workers in Uganda is a
project that needs to get a holistic view of
many aspects, such as the medical system in
local places, the diseases which are related
to fever, the situation of over-diagnosis or
misdiagnosis caused by non-access to thermometers, the cultural factors which have a
significant effect on the product.
This design project implemented the Human
Centered Design (HCD) process by IDEO and
consulted the HCD methods throughout the
process (Figure 3). An extensive literature research was conducted in order to investigate
the context, target users and their needs,
along with the health care systems, social
and political systems in the country. In this
phase, online resources, including reports

Figure 3. Human-Centered Design Process adopted from IDEO
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and Individual Interviews, Card-sorting,
Co-creation sessions and Mock-shop.
Brainstorming, How-To, Participatory Action Research and Co-Creation Sessions
were implemented in idea generation phase.
The approach of Product-Service Systems
was considered as well. The method was
particularly useful in considering the design
of business models to create possibilities
to emerge the product in the market. Rapid Prototyping took place to quickly analyze
the concepts and get feedback on them.
The process included iterations, until a concept that satisfies all the design criteria was
developed. The methods of Harris Profile
and Weighted Objectives were implemented
to evaluate the concepts according to the list
of design requirements. Harris profile method (van Boeijen et al., 2013) was also consulted for the decision of the most potential
business model.
Research tools such as price mapping, rapid
market assessment and resource flow helped
to identify the affordability of the product (Anderson & Markides, 2006, Prahalad,
2006, Kandachar 2010, Larsen, & Flensborg,
2011).
Throughout the design process, the stake-
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holders were directly involved in the process.
They were involved in co-creation sessions,
mock-shops and at the parallel prototyping
processes. They were approached again for
their feedback when evaluating the final concept.

3.5. Deadlines & Deliverables
The final deliverables of this phase are as following:
Final concept and prototype
Final Report
Final Presentation
The final concept needs to respond to all the
design requirements and achieve the goal set
up at the beginning of the project. A proofof-concept prototype will be built to show
the concept, the shape, and/or interaction.
The final outcomes of the project, along with
results of the literature research, field research and concept development are to be
presented to the involved stakeholders. All
of the findings are presented as a report to
the university and the coach. The team is required to provide a good basis for the next
phase and the next team. Asli Design team
is invited to present the final outcome to the
next team that will be working on the phase
2 of the project. All the deadlines are to be
delivered by the end of Semester 1, Quarter 2

that is January 31st to all involved stakeholders.The deliverables are further evaluated
and assessed by the Project Initiators.

Perform each step in design process
with all stakeholders in mind .

The goal of the secondary research is to obtain knowledge on the project stakeholders,
restrictions, requirements and surrounding
context and to list the information that cannot be obtained through literature and has
to be investigated in the local context.

4. Secondary Research
Following is a summary of the main findings
of the literature research to understand the
problem and user in the local context along
with design opportunities in terms of medical
technologies and business models. The full
report of the literature studies can be found
in Appendix A. Detailed research on medical
aspects is presented in Appendix B.
Research was performed on the following
topics: Base of the Pyramid, Frugal innovation, Fever and Disease, Thermometer technology, User and Context, Business Models,
Methods. Based on the research, the scope
and next steps of the project were determined.

4.1. Goal of the reseach
The goal of the secondary research was to
obtain knowledge on the project stakeholders, restrictions, requirements and surrounding context and to list the information that
cannot be obtained through literature and
has to be investigated in the local context.
This research was performed through (online) literature and expert interviews.

4.2. Methods
The methods that were used for conducting
a general research included online resourc-

es, scientific articles and expert opinions.
Online resources, including reports on Africa, websites of multinational NGOs and
health organizations, were consulted to obtain information regarding user and context.
Encyclopedias were used to get detailed
medical information. Scientific articles and
web-catalogs were used for researching existing technologies and thermometers. Thorough online research, along with published
data in reports and papers, were useful in
obtaining overview and statistics on the region and Uganda specifically. Expert opinions were used to validate some of the findings from the research. Other findings that
could not be validated or unanswered questions are listed as hypotheses to validate in
the field afterwards.

4.4. Millenium Development Goals
The Millennium Development Goals (MDGs)
are eight international development goals
that were established by the United Nations
in 2000 (UN, 2013). All United Nations member states and at least 23 international organizations committed to help achieve the Millennium Development Goals by 2015. These
MDGs (Figure 4) respond to the world’s main
development challenges.
The current project contributes to achieving
the goals of combatting malaria, improving
maternal health and reducing child mortality.

4.3. Base of the Pyramid
People in the base of the pyramid (about 4
billion people in developing countries) live on
a day-to-day basis and accept the fact that
they cannot save money to buy a house or
get access to running water. Therefore, they
are willing to spend money for luxury items
that can improve the quality of their lives,
such as mobile phones. The difficulty in this
project is that thermometers might not be
seen as a direct improvement on the quality
of life.

Figure 4. Millenium Development Goals
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4.5. Context & User

•

Some important findings about people in rural areas of Uganda were that:

•

•
•
•

People in some parts of Uganda consider
fever as malaria and treat it as such.
They do not use thermometers to measure temperature.
They usually use a complex of symptoms
(including fever) to arrive in the conclusion that someone is sick.

•

Most of them are not aware that malaria
is transmitted by mosquito bites.
Patients are usually treated at home (up
to 60% of the cases) and only visit a hospital if the disease persists, mainly due to
long distances and costs issues, causing
serious delays in correct treatment.
They believe that local herbs are good to
treat some kinds of diseases. They also
use tablets bought from local shops, although commercial medicine is not affordable for all.

•
•

Not all of them trust the formal healthcare system.
They do trust members of their communities who work as health workers and accept medicine given by them.

Figure 5 shows the most common way that
people treat illness in rural areas of Africa. A
more elaborated user flowchart can be found
in Appendix C, presenting all the possible actions that a person in a rural area of Africa
can follow when he or a member of his family
feels ill.

4.6. Frugal Innovation

Figure 5. Visualization of the most common course of action taken by local people when

they feel sick
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Frugal innovation is the process of reducing the complexity and cost of a good and
its production in creative ways. Therefore, it
is a great innovation method for designing
products, services and systems accessible
for people in developing countries. Frugal
products should be: Functional, Robust, User-friendly, Growing, Affordable, Local. Other
technology innovation methods for developing countries have also been researched. In
this project frugal innovation will be applied
to bring the western thermometer into developing countries. The list of relevant examples
of frugal innovation and requirements for
frugal products and systems are described in
Appendix A.

4.7. Fever & Diseases
Fever is one of the most common medical
signs and is characterized by an elevation
of body temperature over 100 °F (37.8 °C).
In East Africa, many diseases are associated
with fever. Due to its prevalence, most people
assume the fever to be a symptom of malaria
and start taking anti-malaria drugs. Malaria
is usually diagnosed through a microscope,
but RDT tests can be a good diagnosis device
in the field. As the study shows, most of the
time people who self-diagnose malaria turn
out not to have the disease, hence developing resistance against medicine. This creates
dangers for the population in long term. Fever has many symptoms besides a higher
temperature that have to be considered when
diagnosing the patient with a certain disease.
A diagnostics device for malaria might have
more impact than a thermometer, as people
take malaria medicine while it is not needed.
Yet without a thermometer, fever is difficult
to determine which is necessary before using
a malaria diagnostics tool. The thermometer
and malaria diagnostics tool both seem necessary.

4.8. Thermometer Technology
The most reliable way to measure fever is by
using a thermometer. The measured tempera-

ture might differ depending on the measuring
technique (liquid-filled, liquid crystal, electric, infrared, disposable using thermo-sensitive material) and medium (oral, rectal ear,
armpit). Many innovative thermometers and
concepts have been developed like solar-powered, thermometer on smart-phone, pacifier
thermometer, lollipop thermometer, etc. One
of the challenges of measuring a baby’s temperature is that they do not cooperate well
when needed to sit still for a certain amount
of time. Hence, baby thermometers need to
address this challenge. Advanced diagnostic
technologies that can be used to detect fever or diseases, like urine dipsticks, skin thermometer patch, wrist thermometer, thermal
imaging camera, microfluid papers, have also
been investigated. These technologies are
quite promising and might be applicable to
develop into a frugal thermometer. More research has to be done on these breakthrough
technologies to determine their potential.

4.9. Entrepreneurship & Business Models
In BoP countries it is especially necessary to
adapt not only the technology but also the
business model to local circumstances and
cultural context, in order for the product to
be accepted. Following the “social entrepreneurs” vision to generate “social value”, this

project aims to develop a long-term disruptive solution that will be self-sustaining. “Local entrepreneurship” is another interesting
field that can empower local people by creating value for both the initiator and local
population. Sustainable entrepreneurship
creates social and/or ecological value besides financial value and takes into account
all costs (financial, social and ecological).
Many examples of successful business models in BoP are presented in the report. In this
project it would be good to implement local
entrepreneurship, for example by creating a
product that is produced locally. Later on in
the project there are many opportunities to
develop a successful business model.

4.10. Research & Design Methods
Literature research and experts interviews
are the first step to gain insights in the current situation and problems regarding thermometer use in Uganda. Since the design
project is about unfamiliar context and users,
involving local people and cooperating with
them is important for this project in order to
get a better understanding of their real needs
and expectations. Field research is therefore
necessary. Some of the methods that can be
used in the field, like visual anthropology,
contextual inquiry, shadowing, focus groups,
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card sorting, mock shop, are described in
more detail in the Field Research section of
the report. For product development the approach of Product-Service- Systems can be
used which is suitable for BoP contexts, as
well as quick prototyping to test concepts.

4.11. Design Directions
As a result of the secondary research, two
design directions were identified. The team
needednto design one of the two solutions to
address fever and malaria related problems
in Africa. Two directions are explained below:
1. Design of a frugal thermometer to detect fever. This direction will incorporate
reducing the complexity of current thermometers to create a low-cost, affordable, easy-to-use thermometer available
and suitable to households in Ugandan
context.
2. Design of a malaria-diagnosing tool to
identify if the fever is due to malaria or
not. Making this malaria-testing tool to
be accessible to households and enabling
people to self-diagnose malaria without
professional’s assistance can change the
healthcare system in the region.
Here are the comparison of these two directions, including advantages and disadvantages of each.
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Thermometer
Addressed Currently, people in Uganda do not
problem have an accurate tool to measure fever.
Mistakenly taking high temperature as
malaria leads to intake of antibiotics
and resistance of the body to these
pills in longer term. Also, not taking the
actual fever seriously will lead to delay
of treatment.
Advantag- Accurate measurement of temperature
es of going can prevent the non-fever patients from
in this
taking anti-malarials or antibiotics.
direction
Can prevent traveling long distances to
go to hospitals.
Cheap to produce and to buy.

Disadvantages of
going in
this direction

If built first, might be a good basis for
the malaria tool.
Cannot see if fever is related to malaria
or not.
Even after detecting high temperature,
the patient may not be able to see the
whole picture as doctors usually do.

Possible Mother and babies.
target user

Malaria tool
Without a proper malaria-checking tool, people
mistakenly over-diagnose fever as malaria and
take antibiotics to treat it. This leads to body’s
resistance for antibiotics.

Addressing malaria solves a big problem, because
malaria poses a big threat in the region, as it is
the disease that causes the highest number of
deaths.
Can prevent traveling long distances to go to
hospitals.
So far, not much have been tackled in diagnosing
malaria.
Higher impact on society as it treats a serious
problem.
Using this tool without a prior fever-detection via
thermometer may bring excessive use even when
the patient does not have fever.
Might be more expensive (depending on the
technology).
Depending on technology, the blood-taking can
cause risk of infection through blood.
Have to tackle broader problems, such as healthcare system to encourage education of malaria,
and this diagnosis tool, government policies, if it
has to be distributed by health organizations.
Malaria vaccine is emerging and can eliminate the
need for this tool.
Mother and babies. Healthcare workers.

Possible Household use by any patient.
usage
context
Realiza- More realistic and short-term
tion
feasible
End re- Thermometer
sult

If it requires taking blood, must be used
by a healthcare worker. If not and if it can
be used in household, this tool will change
the whole healthcare structure.
More futuristic, long-term oriented and
depends on technology advances
A testing device / microfluid paper / others.

Table 1. Two design directions explained

The team considered the first direction of designing a frugal thermometer to be the most
prominent and suitable for the following reasons:
•

•

•

•

A thermometer is the essential diagnostic
tool for addressing fever-related symptoms. The study shows that most of the
households in Uganda currently do not
own a thermometer. Designing a malaria-diagnosing tool for a person without a
thermometer would be excessive.
The team is composed of three integrated
product designers that are specialized in
designing technological products.
The timeline of the project can only accommodate finishing the development
phase and limits from going deep into
change of health structure in the region.
Going in the second direction (of designing a malaria-diagnostic tool) may require

involvement of the health organization
and government policies that take long
time due to formal agreements that are
needed. Moreover, the team only has one
strategy-oriented designer that will limit
the team’s abilities to perform well in the
project.
As the decision was taken to develop a device to detect fever and non-fever cases in
patients, further plan for future research was
to be developed. The team identified the following gaps in the knowledge:
•

the details of people’s behavior when facing fever,

•

validation of the user flowchart to see if it
truly matches the user scenario,

•

how to make this end-product used effectively by the users,

•

the specific properties of the healthcare

system in Uganda,
•

other unanswered research questions.

4.12. Conclusions of the secondary research
The guidelines by the World Health Organization (WHO) have to be followed cross-disciplinary (in technology, business models
and context). The outcome of the project
should be Affordable, Sensitive, Specific, User-friendly, Robust & rapid, Equipment free
and Deliverable to those who need them. The
research on User & Context has shown that
the context differs per country in Africa. This
means that the data to be used have to be
Uganda-specific. Therefore, the unanswered
questions in the ‘User and Context’ area
needed to be explored. The topic of ‘Fever
and Disease’ in Uganda was touched upon
but expertise was needed to fully understand
the different types of diseases and fever and
their diagnosis. After field research specific
diseases/types of fever should be chosen
to explore further with a medical expert. In
terms of business models, there are many
opportunities to develop a business model in a BoP context with a designed product
or service. The business model depends on
the used technology and the social context
which still needed to be further explored:
after these have been decided the business
model can be designed.
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One of the main goals of field
research is to investigate the
best target user for the product

5. Field research
Secondary research through available resources such as previous graduation projects, scientific and popular articles, movies
and documentary films was conducted to
understand the user and the context, along
with the details of lifestyle and health system in Uganda. While these outcomes gave a
proper understanding of the topic, there was
still more that could not be found in the expanses of internet. Field research in Uganda
was scheduled to fill in the gaps of knowledge through primary research.
Through participatory design methods we
performed design activities in collaboration
with people in Uganda to identify the real
needs and problems and to make sure that
all the stakeholders are involved in the process. Through these methods the possibility
of local manufacturing was explored. Local
manufacturing could provide opportunities
for extra jobs for local people and can also
lead to better local maintenance and repair
in terms of supplying spare parts.
•

•

Field research activities in Kampala regarding health and healthcare aspects
– Interview with a local driver
– Interview with health workers at
Nsambya hospital
Field research activities in Masindi regarding health and healthcare aspects

•
•

Masindi town and surrounding villages
Field research activities in Kampala regarding manufacturing and production
aspects
– Manufacturers
– Electronics importers

5.1. Goal
5.1.1. Formulation

overview of the situation in Uganda, there
were more specific information to be investigated through field research. The particular
topics of interest included, but not limited to:
• Specific properties of the healthcare/political/business system in Uganda
• User behavior regarding fever
• Use of thermometers in Uganda
• User preference of the end-product

The identified problem is that the method
for fever diagnosis of mothers and children
in Uganda frequently is intuitive, subjective
and inaccurate. Taking medicine mistakenly,
when the patient does not have fever, makes
people resistant to antibiotics, leading to
health problems in the long-term. An objective diagnosis method would help mothers to
make more informed decisions about (non-)
fever. This would prevent unnecessary visits
to the doctor and over-use of medication.
Therefore, the goal of the project was formulated as to develop a product, service or system to assist mothers and healthcare workers in their diagnosis and treatment process
to prevent mis- and over-use of medicine by
accurately measuring temperature.

Based on the topics, the team generated
a list of research questions that were to be
answered through observations and discussions with local stakeholders.
1. Is the thermometer valuable for people in
rural Uganda?
2. Which target groups might benefit from
it?
3. As discussed before, the user group at
this point was considered as mothers
and health care workers. This specific
question would help us to either validate
or improve our hypothesis on the user
group.
4. How to make it suitable for the target
group?
5. How to make it accessible for the target
group?

5.1.2. Research questions

5.1.3. Hypotheses

While the literature search gave a general

The conducted literature research allowed us
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to construct a set of hypotheses that structured the problem in Uganda. These hypotheses involved various aspects, such as user
behavior, health care system and cultural/social/political aspects in the country to be either validated or disproved through the field
research. Hypotheses included the following:
•
•
•
•

•
•
•
•
•
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“People in some parts of Uganda consider
fever as malaria and treat it as such.”
“They usually conclude that someone is
sick based on a complex of symptoms (including fever).”
“Most of them are not aware that malaria
is transmitted by mosquito bites.”
“Patients are usually treated at home
(up to 60% of the cases) and only visit
a hospital if the disease persists, mainly because of long distances and costs
issues, causing serious delays in correct
treatment.”
“They believe that local herbs are good to
treat some kinds of diseases.”
“Not all of them trust the formal healthcare system.”
“They do trust members of their communities who work as health workers and accept medicine given by them.”
“Fever is characterized by an elevation of
body temperature over 37.8 °C.”
“They do not use thermometers to measure temperature.”

All these hypotheses were to be tested during
the observations and research in the local
context.

5.2. Methods
As a result of research on the appropriate
methods for BoP and specifically health-related usage, various methods were studied
and used.

5.2.1. Particularity of BoP Methods
To make a product cheap is easy, but it is difficult to make it affordable and relevant (Ismail and Kleyn, 2012). It is important to keep
that in mind during the whole design process
of BoP projects. Based on the research, some
of the successful companies from developed
counties failed in the developing market, basically because they delivered the cheapest
product with low quality rather than providing a suitable solution for the specific context. In other words, “getting insight of the
BOP context (i.e. local business ecologies) as
well as observing and understanding the user
needs (social, cultural, economic) in their
context are key issues to identify the latent
needs in order to come up with socio-economic and cultural appropriate design solutions that meet the real needs of the user”
(Christiaans and Diehl, 2007).

For instance, immersed in the local culture
and interviewing the local people could be
an efficient way to get to know their requirements. Focusing on the people’s needs and
interaction with the material, economical and
socio-cultural world is a basic starting point
for a successful product innovation, especially in the BoP (Rodrigues, Thompson et al,
2007). Furthermore, involving local people
in the projects and trying to cooperate with
them also has a great benefit for the concept
development. On the one hand, they can describe their problems vividly referring to their
own experience; on the other hand, they
might have some practical solutions already.
Then for the designers, it also would be easier and more effective to build a concept on
the basis of their existing ideas.
Another “consensus” is that these locally
based and network-structured initiatives can
have a potential for BoP projects because
they enable access to products and services
through new business models and interaction proposals among community members”
(Gomez Castillo, Diehl, Brezet, 2012). So a
win-win business model is also an indispensable part of BoP projects, which empower
the local people and entrepreneurs to realize
self-support. For example, the project ‘MoonLight’, done by Industrial Design Engineering in TU Delft, which distributes products

through vendors in Cambodia and provides
the commercial training to improve their
business skills along with technical training
to enhance their knowledge of technology.
These services make it possible to build up a
long-lasting relationship with their customers
(Diehl, 2009). Thus, learning the study case
of successful business models is also one of
the approaches to get expressive outcomes
of BoP projects.
There are several different design methods
that can be applied in this kind of project.
It can be found from literature research that
four of them are widely used nowadays: Design for Sustainability (D4S), Human Centered Design toolkit (HCD), BoP protocol and
Market Creation Toolbox. The D4S approach
is a collection of tools aimed at product redesign, new product development and Product Service Systems creation with focus on
sustainability assessment and business generation for emerging markets (UNEP, 2009).
The HCD toolkit is a step-by-step guide for
approaching BOP communities to create
and deliver meaningful insights and ideas
(Ideo, 2009). The BoP protocol is an enterprise-based linear approach with focus on
business co-creation (Hart, 2008). The Market Creation Toolbox offers robust tools for
understanding of end-users as well as business model dimensions of developing mar-

kets (Larsen, & Flensborg, 2011). In this case,
since all the methods have their own strong
points, understanding the objective of the
ongoing project and choosing the methods
which can tackle the specific problems would
be really considerable.

5.2.2. Field Research Methods
From the preparation work, especially the
literature research, the gap between the
secondary data and the current situation in
Uganda can be defined. Subsequently, strict
methods were selected and used to overcome
the unsolved problems.
Time can be divided in two amounts: time
spent for organizing fieldwork and time for
the actual research activities. Before carrying
out the research activities, time spent in the
field to familiarize with and understand the
context and users is necessary to organize
them effectively. The team should be alert to
language and cultural barriers and be willing to understand and explain the meanings
(Howes et al., 2006).
Qualitative methods were implemented to
unveil people’s social, political, economic
and cultural opportunities and barriers in
their own words (IDEO, 2008). Through ethnographic approach, not only the holistic

view of the relevant topics can be developed,
but also the way how women and their babies cope with (non)-fever was zoomed in.
Ethnography is a qualitative user-research
method that is used to immerse oneself into
another culture during field research. For the
data collection, Visual Anthropology, Contextual Inquiry, Shadowing and Interviews
were performed depending on the different
demands.
Visual Anthropology
As the name implies, Visual Anthropology is
a visual data collection method. In Uganda,
the people and the context are documented
through photos and videos. In the end, the
deliverable is presented as a short impression slideshow.
Contextual Inquiry and Shadowing
By the use of Contextual Inquiry, some expert opinions are gained from local healthcare workers through observation while interviewing. In the meanwhile, depending on
how healthcare workers perform their work,
this method is turned into Shadowing as they
move from place to place.
Focus Groups
This method is also a valuable way to learn
about a community quickly. The presence of
a group of women or men will help to bounce
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Getting insight of the BOP context as well as
observing and understanding the user needs
in their context are key issues to come up with
socio-economic and cultural appropriate design
solutions that meet the real needs of the user

off each other’s ideas and generate more results as a whole. But this method is not good
for gaining a deep understanding of individual opinions or uncovering what people really
think. The list of questions for the interview
can be found in the Appendix D.
Individual interviews
The team interviewed local people and health
care workers on one-to-one basis to understand their context, uncover their needs and
eventually test some of the ideas. The aspect
of one-to-one gave a sense of privacy and
freedom in expressing their opinions. The list
of questions for the interview can be found
in the Appendix D.

the cards with the pictures they agree with.
Co-creation sessions
Local people and healthcare workers were invited to give their own ideas regarding how
to measure and detect fever. Under the topic
of “what is your ideal fever detecting device”
they did brainstorming and created ideas by
drawing on large pieces of paper. All these
ideas were implemented in creating first
rounds of prototypes.

Expert interviews
The group and individual interviews included
discussions with experts in the field, that is
the doctors and health care workers. The list
of questions for the interview can be found
in the Appendix D.

Test existing products
In order to investigate the local people’s preferences regarding shapes and interactions, a
number of existing thermometers that varied in sizes, shapes, detection methods and
placement locations were brought to the
user tests. Both local people and health care
workers expressed their opinions and preferences regarding each product. These results
were further implemented in defining characteristics for the design of the final product.

Card-Sorting
In the individual Interviews, the Card-Sorting
method was used to help better communicate with the common local people who cannot handle the conversation in English. By
means of visualizing the research results on
the cards, such as how the people take care
of sick people at home, they had to pick up

Mock Shop
To get a more concrete idea about how they
react to the thermometer or similar tools, the
existing products and rough prototypes of
some incomplete concepts will be tested with
the end users. The idea ‘mock shop’ which is
also from the ‘IDEO HCD ToolKit’ was set up
in health care centers and homes of local

people in order to understand how people
make purchase decisions. The different thermometers were pretended to be sold to the
users and the team will be able to see how
people make decisions, which factors define
them and how the browsing process develops. This also serves to get to know common
questions and observing customers’ processes for accessing the money needed to make a
purchase (Ideo, 2009).
In implementing all these methods, it was
kept in mind that a structured and systematic approach alone is not enough. Flexibility
is an important value for working in a context where problems and issues cannot be
predicted (Howes et al., 2006). Some of the
methods along with approaches were modified to better fit the current context.
The detailed list of research questions that
were set out to investigate, along with applicable methods, are presented in the Appendix E. The reasons as to why certain methods
were chosen are as well explained.

5.2.3. Materials.
The materials that were used for recording
the activities were a voice recorder and a
digital camera. All the users were asked at
the beginning of interviews and tests for a
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permission to record their voices and take
occasional photographs. They were clearly
explained that all information will be treated anonymously, unless they wanted their
names to be mentioned. Drawing markers
and A2/A1 size papers were used in co-creation methods to draw ideas and concepts.

5.3. Planning
According to the outline of the project, a total

Figure 6. Field Research plan details
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of 24 days was planned for the field research
in Uganda. This time was divided according
to the activities into the time in Kampala, followed by activities in Masindi and some more
time in Kampala.
The first week was spent to immerse in the
context and conduct observations at a hospital in the capital city, Kampala, and do interviews with local healthcare workers. Although the main target of the project is the
rural villages, the situation in the capital city

would be useful to see different perspectives
as a comparison. The next stage was to travel
to Masindi and conduct research in the villages of the district.
After two weeks of research activities, the
team traveled back to Kampala and did research on local manufacturers of plastic
housing for the thermometer and importers
of electronics. The detailed timeline of the
field research is given in the following figure.

Structured and systematic approach
only is not enough unless there is
flexibility in the plan.

Health centers receive thermometers and
other medical devices from the government
for free. However, thermometers are rarely
available at the facilities as they break often
and it takes time to receive new ones.

6. Field Research Outcomes
Based on the methods and questionnaires
which were prepared before going in Uganda, the field research was done in Kampala
and Masindi District. Most of the outcomes
were obtained by the use of the qualitative
research methods in Masindi and some investigations were done in Kampala to explore
the possibility of producing the final product
locally.
Some general information of the context is
given and the target groups are defined in
the beginning of this chapter, then user behavior regarding fever, use of thermometers
and user preference of existing thermometers are discussed. Moreover, the analysis of
the prototype tests and the business model
ideas are presented.

6.1. Masindi District
To have an overview of the specific context,
the basic information of the Masindi District
such as population and sanitary condition
are provided below.
Masindi District is a district in Western
Uganda, composed of one town council, four
counties, 13 sub counties, 43 parishes, 156
villages and 96,706 households. The population is predominantly agriculturalist. Most of
the district residents are both poor and rural.

About 5.43% of the population resides in urban areas. The total population is 469,865
(50.1% males and 49.9% females), with an
annual population growth rate at 5.05%
(SCRIP, 2001).
One of the reasons for choosing this district
for target was due to its uniqueness as host
to a diverse ethnic composition. The district
has about 55 tribes co-living. People from
Rwanda, Kenya, Sudan and the Congo also
have settled permanently in the district.
Moreover, there was an established network
of doctors from the Netherlands collaborating with the District Health Officer of Masindi District. This created a valuable ground for
conducting the field research in the district.
The main common diseases are malaria, diarrhea, pneumonia, river blindness, leprosy and
other nutrition-related problems. Morbidity and mortality rates in Masindi are higher
than in other districts in Uganda. Literacy is
low, with about 37.1% of the population aged
above six years with no school education
(SCRIP, 2011).
Generally, Masindi is relatively poor compared to other districts in Uganda. It is characterized by low household incomes and
limited revenue base. The main economic
activities include agriculture, mining, wildlife

and tourism and small-scale industries associated with milling, furniture making, manufacturing of jaggery, processing of hides and
skin, pit sawing, sugar production.
Some essential facts about the district are:
• the unsafe water sources are 30.8%,
• 38% of the rural population have access
to decent latrines,
• 22% of the children below five years
are underweight, but not acknowledged
when asking healthcare workers
• 7.4% of the population dies before 40
years,
• Only 26.4% have a decent standard of living (SCRIP, 2001).

6.2. Healthcare system
In Appendix A the structure of Uganda’s
healthcare system is presented based on
the literature research. In order to confirm
the information, relevant questions were addressed to experts in Masindi district and the
healthcare system structure was updated.

6.2.1. Formal healthcare system
The formal healthcare system was investigated on the example of the Masindi district.
The findings are illustrated in Figure 7 on the
following page.
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Although the previous analysis in chapter
three shows how the healthcare system is
supposed to work in Uganda, it should be
noted that it does not always work like that.
According to the field research, many of these
centers are either not existent where they
should, or under-staffed, without necessary

facilities and therefore cannot work properly
and offer all services to their patients. Furthermore, many of the doctors working at
public hospitals, work also part-time in private clinics, since the salary they get from
the government is insufficient.

Figure 7. Outline of the official health care system in Uganda
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6.2.2. Private healthcare system
According to the field research, private drug
shops and private clinics also play an important role in the healthcare system in Uganda,
especially in rural areas.
Due to the long distance between healthcare
centers and residences, some of the villagers
prefer going to closer drug shops inside the
village directly. The owners of the drug shops
often have some medical knowledge; some
of them also work in official health centers
as their main job and at the drug stores for
additional income. Therefore, sick people can
choose whether to be examined by the pharmacist or drug shop owner for an extra cost.
The consultation can include measuring temperature with a thermometer and/or checking blood for malaria parasites with Rapid
Diagnostic Tests (RDTs). Even through the local people need to spend some more money
in the drug shops, they still would rather go
there than the public healthcare facilities. It
is mainly because even if the medicine is freeof-charge at official health centers, they are
often unavailable, meaning that the villagers
would still have to go to the drug shop after
they see the doctor. Private clinics are also a
better choice in the evenings, as there usually
is nobody on watch at health centers after
17.30.

The analysis of the healthcare system in
Uganda helps the team to understand the
specific context and find the potential target
group for the new concept. It can be seen
from the research that the nearby facilities
or healthcare workers, such as drug shops
and VHTs, are more welcomed by the villagers. Many of the healthcare centers do not
perform well due to lack of facilities or medicines. Therefore, patients usually decide to
go for the one which is quick and easy. As
the one who is the easiest to access, VHTs
seem to have a big potential to be one of the
end users of the new thermometer. However,
it should be noted that VHTs are volunteering
for their position, trained only to diagnose
and treat the most common diseases without
any salary and they can only treat children
under five.

6.3. Target groups
As can be concluded from the previous research, three potential target groups are considered as the end users of the final concept.
To take all the possibilities into account, all
of the three groups are analyzed in various
aspects.

•

Villagers

At the start of the project, the initial target

group was assumed to be the local people in
rural Uganda. In consideration of poor living
conditions of mothers and children in the
villages a thermometer that can be used at
home to determine the temperature of a sick
person will serve useful for this group.

Purchasing power of the villagers is the other
issue. Surprisingly, compared to a bottle of
water which is 1500 UGX, a mercury thermometer is not much more expensive for local
villagers, costing 3000 UGX. So, in absolute
scale, a thermometer is in fact accessible for
many of the villagers. Nevertheless, in relative scale, the thermometer is considered not
to belong to a prioritized need, something
that only doctors have, hence considered unnecessary to have at home.

•
Figure 8. Local people in Uganda

However, the user interviews and observations led the team to know that most of the
villagers, women in particular, had very little
experience of using a thermometer. Few of
them saw it at the hospitals when being examined by doctors. In fact, most of them never have used a thermometer by themselves.
In addition, due to lack of healthcare knowledge, it was difficult for them to know the
threshold temperature of fever. Therefore,
numbers are not so helpful in this case and
the current products are not easy to use by
the villagers themselves. Education is needed to ensure this group of users will use the
product in the right and safe way.

Healthcare workers

People who work at the hospitals or healthcare centers are also one of the potential
target groups. Before the field research, both
healthcare workers and VHTs were considered as one category. Therefore, besides the
villagers, they were the second and the last

Figure 9. Healthcare workers in Uganda
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target group which was considered to be the
end users of the new thermometer.
Based on the interviews at the different levels
of healthcare centers, the majority of healthcare workers knew how to use the current
mercury thermometer properly and knew
proper threshold of temperature to identify
fever. Almost all of the healthcare workers
are educated to measure the body temperature using mercury thermometers and had
no problem to read the numbers and make
diagnoses based on the reading. However,
due to their familiarity and experience with
the mercury thermometers, it was assumed
that they would have difficulty getting used
to new types or interactions of thermometers. The supposition was proved during user
studies, that the healthcare workers thought
measuring temperature in the armpit as the
most realistic way. The digital forehead thermometer or eat thermometer were not trusted by some of the healthcare workers.
Last but not least, medical devices are distributed to hospitals and health centers by
government and not bought by the health
center’s staff.

•

VHTs

Village Health Team (VHT) is a special unit
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of healthcare system in Uganda. VHTs are
volunteers, trained by healthcare officials
to examine patients under the age of 5 and
treat the common diseases in the area, such
as malaria, pneumonia, and diarrhea. They
receive patients at home with occasional visits of patients in their houses. There are two
VHTs in every village: a woman and a man.

Figure 10. Village Health Team in Uganda

They have a kit with available medical devices for VHTs which are malaria RDTs, breath
timers and basic medicines for the three diseases. Currently, this kit does not contain a
thermometer.
As the VHTs do not have formal medical degree, they lack specific health knowledge and
medical practice outside of the aforementioned trainings. The majority of the VHTs
did not know the threshold temperature of

fever and they also could not manage to use
the thermometers in the right way. Nevertheless, the user tests showed that most of the
VHTs had great interest on the new concepts.
Although VHTs need more training than the
healthcare workers, it might be easier for
them to accept the new thermometers in
their job. It is also notable that many of the
villagers prefer to go to the nearest VHTs the
first time when they get sick, so the new thermometers can benefit the local people directly in this case. Targeting VHTs as end users
provides an opportunity to achieve a larger
reach and higher impact. Similarly to healthcare workers, the equipment that VHTs use
are also provided by the government.
It can be seen that every target group has
different requirements of a thermometer.
For the villagers, easy interaction and user-friendliness are important factors in the
design of a new thermometer. However,
healthcare workers prefer a more professional thermometer with accurate result. VHTs
are considered to be a valuable group in raising awareness and educating local members
for the use of thermometers.

6.4. User behavior regarding fever
Based on the previous literature research,
some relevant topics of user behavior re-

VHTs are often the first point of
health system that villagers approach
when having a sick child. However,
since the VHT kit does not include a
thermometer, they measure fever intuitively on the forehead of the child
with the back of their hands.

garding fever are discussed in chapter four
such as different ways to detect fever and
the treatment of fever in Uganda. Through
the field research, the conclusions from the
secondary data are investigated and some
new insights are obtained. The important
outcomes are presented below.
According to the previous data, people in
some parts of Uganda consider fever as malaria and treat it as such. It is partially correct since the villagers and some VHTs do
consider that, but for most of the healthcare
workers, the difference between malaria and
fever is explicit. For the diagnostic methods,
it was proved correct that the conclusion
of a diagnosis by the people interviewed in
Uganda is based on a complex of symptoms.
The reported symptoms include headache,
vomiting, no appetite, hot body and others.
Most of the local villagers knew that malaria
is transmitted by mosquito bites. However,
some of them mentioned that flies can also
spread the disease. Surprisingly, some people associate malaria with eating mangos. It
was later discovered that they coincidentally associate malaria with mangoes, because
they grow during the rainy season when
there is still water breeding mosquitoes. Another important finding is that neither villagers nor VHTs know the temperature for fever.
Healthcare workers know the threshold for
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fever, although it varied among 37ºC , 37.2ºC
and 37.5ºC.
It was summarized in the earlier stage that
patients are usually treated at home (40%60% of the cases) and only visit a hospital if
the disease persists. According to the initial
research, they are reluctant to go to a health
facility mainly because of long distances and
costs issues, causing serious delays in correct
treatment. By the means of interviews, this
conclusion was proved partially correct. Usually children are taken to VHTs or healthcare
centers from the first day, because parents
are aware that some diseases can be fatal for
them, while adults prefer to first go to the
closest facility such as drug shops or private
clinics. So, only if the disease persists they
go to healthcare centers. On account of the
high price of medicines, most of them do not
complete treatment which means they stop
when they feel better even if the full medicine
dose was not taken. The left-over medicines
are saved for future cases of illnesses in order to save money.
In some literature, local herbs are considered
as an important remedy to treat diseases.
Most of the VHTs and healthcare workers
did not admit believing in herbal medicine
and they also discouraged people from using them. The healthcare workers did not

approve herbs because they would not know
the correct dosages and types of herbs. It
was observed that only some villagers, elderly people in particular, believed that the
herbs served as remedy for certain diseases.
The hypothesis that local people did not
trust the formal healthcare system was proven incorrect. In fact, most people do trust
the healthcare system. However, they did
not have a guarantee that treatment could
be performed in healthcare centers due to
lack of medicines. Therefore, villagers often
preferred drug shops that were closer and
had most of the medicines than are given
by health centers. Moreover, it was discovered that local people do trust members of
their communities who work as healthcare
workers and accept medicine given by them.
In this case, since VHTs contribute a lot to
improve the health condition of the villagers,
people trust them and praise them.
Analyzing the outcomes from the field research gave more understanding and insight
to the topic. In some cases, local people’s
basic health knowledge was underestimated.
However, some of the villagers have incorrect
information regarding diseases and causes due to lack of education. Most of them
receive knowledge on health and diseases
either from previous experience, elder generation, healthcare workers when visiting a

health center or radio talks which are broadcasted in the area by the District Health Office, informing local people about diseases
and prevention. Therefore, they would need
clear instructions or explanation when having to use a new device. In addition, the
community members prefer to consult the
healthcare workers in every level and trust
the recommendations by the doctors more
than the old customs or old norms. Therefore, if the new thermometer can be used
and introduced by local healthcare workers,
the device has a higher chance of being adopted by local villagers.

for some people who know the way to use
digital thermometers, changing battery also
can be a problem at this point. One of the
interviewees thought the thermometer was
broken and useless, when the only problem
was that the battery needed to be replaced.

In summary, most of the healthcare workers
know about mercury and digital thermometers. Most of them do not find it necessary to
clean the thermometer before or after using it
on a patient. Some villagers could remember
that they used this type of medical device at

6.5. Use of thermometers
Few points about the condition of using thermometers in Uganda are already discussed
before. More concrete information about
this topic is provided in this section.
As noted before, thermometers are a novice
device for some of the local people in rural
Uganda. It is predictable that the villagers do
not have it at home and do not use it. But
surprisingly, VHTs as a member of the official
health system, do not know how to use a thermometer. Moreover, even though the healthcare workers at higher levels do know how to
use mercury thermometers, not all have the
device at the facilities. Another finding is that

Figure 11. Method of evaluating thermometers with local people in Uganda
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the hospitals, but they do not know the name
or the usage. Mercury thermometers made
of glass are still the most commonly used in
Uganda due to the affordable price. However, no matter how cheap a thermometer is,
villagers do not consider buying it as they
believe it is a device that only doctors have
and know how to use. Therefore, the value or
benefit of thermometers is not clear to them.
Furthermore, local people might need some
special education, since they do not understand the temperature numbers on the current thermometers. Another solution to this
problem could be to change the interactions
to a more simple and user-friendly interface.

6.6. User preference of existing thermometers
In order to understand user preferences of
the end-product and how they make purchase decisions, a mock shop was built displaying the existing products to the local
people. Through observations and interviews
at the “imaginary” shop, the right direction
for the new design could be investigated.
There are in total six different thermometers
at the shop and the prices were marked for
each of them. The villagers were invited to try
and select the products. During the browsing
process, the differences between the thermometers were explained by the team and
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the interviews were done earlier.
(1) Pacifier thermometer
Pacifier thermometers are designed specifically for babies. Parents just need to put a
pacifier shaped thermometer in the baby’s
mouth to measure their body temperature.
After a few seconds, a number will be shown
on the pacifier’s screen. The advantages of
this thermometer is that there is no need to
hold babies still while measuring the temperature and the device can provide great
user friendliness.
Through the interviews in the mock shop, it
is understandable that most of the people
only liked it for babies and did not consider
it when evaluating thermometers for adults’
use. The other limitation was that the device would be for private use and not shared
among siblings.
The pacifier thermometer was marked 5000
UGX in the mock shop which was considered
higher than the purchasing power of the population, due to its limited functions. Therefore, only few people would like to purchase
this type of thermometers as adults would
not be able to use it.
(2) Infrared forehead thermometer
The infrared forehead thermometer can be

used to measure the temperature on the
forehead from a distance of about five centimeters. There is no need to touch the skin
when measuring the temperature, meaning
the device is extremely hygienic. The measurements can be really accurate and displayed in a matter of seconds. The results are
shown in both numbers and colors which is
easier to understand by the villagers.
The majority of people liked the infrared forehead thermometer, because it is fast and requires no contact with the skin. Some people
were interested in it in particular due to the
new interaction. However, when they knew
that the thermometer has AAA-type batteries inside, some people’s preferences shifted
towards a no-battery thermometer. This reaction is caused due to scarcity of AAA-type
of batteries in rural Uganda compared to the
more accessible AA-type batteries but also
because they would have to buy new batteries regularly.
This infrared forehead thermometer was
priced at 10,000 UGX in the mock shop.
Some of the people who were in favor of the
thermometer due to its interaction changed
their mind on account of the expensive cost.
(3) Mercury-based glass thermometer
Mercury thermometer made of glass is the

most commonly used in Uganda, is cheap in
price but easy to break due to its structure. It
also contains toxic mercury inside, so it can
cause danger for patients and healthcare
workers upon breaking. The numbers on the
glass are too small to read, especially for the
elderly. While the original purpose of this device is to measure temperature in the rectum
(the most accurate placement location), due
to cultural reasons it is only placed in the patients’ armpits in Uganda.
The users did not like the thermometer as they
needed to shake it every time before measuring. Also, they mentioned that it was hard to
see the numbers and the mercury line. In addition, a measurement usually needs 5-8 minutes and the result cannot be so accurate,
since it is not measured in a body opening.
For these reasons, the mercury thermometer
was not welcomed by the villagers.
It was marked 1000 UGX which is relatively
affordable for almost all of the community
members. Nevertheless, not so many people
would like to have it at home.
(4) Basic digital thermometer
The basic digital thermometer can be used in
the armpit, mouth or rectum, since the tip is
soft and flexible, it is more comfortable and
safe to use. The waiting time of a measure-

ment is around 30 seconds which is acceptable by most of the people.
Through the research, many healthcare workers preferred the basic digital thermometer
as they were familiar with the armpit interaction. They liked the thermometer also because it did not break easily and there is no
need to shake it before using. Most of the villagers had neutral opinions of this product.
3000 UGX as the marked price was affordable for around half of the interviewees.
(5) Glass thermometer without mercury
This is a new type of glass thermometer
which has safe liquid inside and bigger numbers on the body. The working principle and
the usage are the same as the mercury thermometer. The thermometer has a red line on
number 37 to help the user identify the fever threshold. Most of the people considered
this thermometer to be the same as the mercury-based glass thermometer.
(6) Infrared ear thermometer
The thermometer can measure the temperature in the ear, which is considered as one
of the most accurate places to measure temperature. As well as the other infrared thermometer, the measurement is taken within a
few seconds. Because ear infections might be
transmitted via the thermometer, either dis-

posable caps or thorough cleaning each time
is needed for the usage of this thermometer.
In general, healthcare workers liked this
thermometer and their only worry was
about transmitting ear infections. They also
thought the disposable caps were not easy
to get in Uganda. Compared to infrared forehead thermometer, people had less interest
on the ear one.
The product was priced at 8000 UGX and was
the second most expensive thermometer in
the mock shop after the forehead thermometer. Based on the interviews, more people
would like to pay a bit more for the forehead
thermometer instead of this one.
By the means of mock shop research method, it can be seen that the infrared forehead
thermometer and the basic digital thermometer were the most popular products. This
illustrates that a safer, faster and more user-friendly thermometer is needed for use in
the community. Price is an initial consideration for most of the users and 5000 UGX
might be a limitation of their purchasing power. Hence, although the infrared thermometer
might be beneficial in the long term, the value
of the expensive thermometer is unclear for
the local people (Ministry of Health, 2013).
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Encourage collective thinking and
designing to create a solution for
the community with the community

7. Idea Generation
7.1. Initial product ideas

7.1.2. Co-creation sessions

Based on the observations and interviews,
the team started developing initial ideas
while in Uganda. This allowed the team to
keep the local perspective in mind and also
get immediate feedback from the local people on our ideas.

Multiple co-creation sessions were held together with health care workers and local villagers in order to understand their preferences and create different ideas together. They
were asked to draw an ideal fever-detecting
device that they would like to have and use.
They were explained to go beyond the existing products and use their imagination to
think of things that even did not exist and
were not realistic at all. These sessions contributed a lot into the ideation process with
fresh and interesting ideas.

7.1.1. Idea generation
First, a morphological map was created with
different options on the properties of the future thermometer (Table 2). These properties
included: an interaction of feedback, placement location on the body, charging method.
Based on the options, the team brainstormed
ideas to create initial concepts.
Further, a How-To method was used to create solutions on the defined problem of how
to effectively and accurately measure temperature of a patient and display that in a
user-friendly manner. The thought solutions
served as the first basis for concepts.
Charging method Solar
Interaction
Figure
Placement location Armpit

standing and perception of medical devices. Most people in the villages did not know
how to use the thermometers although they
have seen such device when visiting hospital
or healthcare centers. When drawing a thermometer, they start the count of temperature from 0 up to 100, while the existing thermometers display a range between 34 to 42

7.1.2.1. With local villagers
Local villagers were visited in their neighbourhoods and conducted sessions to ideate
together with the team. They were as well
given full freedom in what they could write,
draw and were asked to explain their ideas
along the way. These sessions generated useful insights not only regarding the desired
thermometers, but also about their under-

Hand-power
Colors
Mouth

Battery
Icons
Ear

Table 2. Morphological map with possible solutions for a thermometer

Figure 12. Co-creation sessions with local people
in the villages

degree Celsius. Unfortunately, the generated
ideas were all biased on the existing elongated stick-shaped mercury thermometers that
were in use in Ugandan health centers.
7.1.2.2. With healthcare workers and VHTs

Sound
Forehead

Sessions with health care workers resulted in
slightly different outcomes. The workers were
already familiar with the purpose and usage
of the devices, hence had more input in the
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Parallel prototyping allowed
us get immediate feedback on
devised concepts

7.2. Prototypes
Based on the research results and co-creation sessions with local stakeholders, nine
ideas were developed into foam prototypes
and tested locally. They were all presented
to the local people in Uganda, along with
healthcare workers and experts.

7.2.1. Foam prototypes
In this section, all foam prototypes are briefly
introduced below, explaining the interaction
and particular innovation points.
1.

Figure 13. Co-creation sessions with local healthcare workers in the villages

ideation process. It was learnt from previous
participatory sessions that users were mainly
biased on the shape and interaction of the familiar mercury thermometer that was mainly
placed in armpit for measuring temperature.
However, when the users were shown and
demonstrated thermometers based on advanced technologies and interactions, such
as infrared forehead thermometer or pacifier
thermometer, they were more open to newer
ideas and interactions.

The team analyzed all the ideas and developed concepts that explained the product,
the ways of interaction and properties, such
as charging method, placement location,
shape and color sets. At the same time as
creating the concepts, initial prototypes were
created based on the concepts. The prototypes were to be demonstrated to the local
users to get immediate feedback on the concepts and adjust the concepts according to
their inputs.

The stamp forehead thermometer

The stamp forehead thermometer can be
used in multiple positions without having to
take off the patients’ clothes. Users can put
the stamp on the exposed body parts such
as forehead, face and neck according to their
preference, with the most accurate placement location being on the forehead. The
stamp is powered by two AA-type batteries,
which are the most accessible in Uganda. The
result of a measurement can be shown on
the big screen on top of the stamp. Besides
numbers, the display is also conveying information by different colors and by a smiley or
a sad face depending on the reading. A red
color would be accompanied by a sad face
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to indicate fever, while the green color with
happy face means the patient is healthy.
2.

The bracelet thermometer

The second concept is a wearable bracelet
thermometer which can be charged by solar
power. The sensor is placed on one side of
the bracelet. The healthcare worker would
wear the bracelet on the hand when measuring the patient’s temperature and wear it as a
bracelet at other times. When measuring, the
nurse can place the hand on forehead, face
or neck to measure body temperature. These
placement locations reflect the natural behavior of local people who measure the body
hotness with their hands. There is a screen
under the moveable solar panel, and the result is displayed in both figures and colors.
3.

The head band thermometer

The head band thermometer can be worn
on the head and is charged by solar power.
A sensor is attached on the back side of the
band, so body temperature can be measured
when users are wearing the band.
4.

2

4

5

7

8

The armpit thermometer with dynamo

Idea number four is a human-powered thermometer for armpit use. It is similar to the
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1

Figure 14. Display of foam prototype models

3

6

9

low-cost digital thermometer in the current
market which the local people are familiar
with. However, the difference is that this
thermometer is charged by the use of a dynamo. Depending on the measured temperature, certain instructions are given on the display. These involve advices, which help users
decide what to do next. If there is a red cross
on the screen, then it is advised that users go
to the doctor as soon as possible. When no
fever is detected users can see a green house
on the screen which means they can stay at
home.
5.

The arm thermometer

The arm thermometer can be worn on the
upper arm and measures the temperature in
the armpit, so that measurements can be finished without holding the thermometer and
results are shown on the screen with green
or red colors.
6.

The L-shaped armpit thermometer

The L-shaped thermometer is also used in
the armpit. Based on the working principle
of hand-powered flashlight, the thermometer can be charged by mechanical power. The
special shape helps healthcare workers to
see the screen easily and the big display allows them to see the numbers from distance.

7.

The wearable ear thermometer

The concept is developed to measure the
temperature in the ear which was inspired by
the Bluetooth headset. The user needs to put
the device on an ear and the instructions and
result will be conveyed by sound. No displays
are used on the Bluetooth thermometer.
8.

1.

The stamp forehead thermometer

The finger ear thermometer

The thermometer can be put on a finger and
measures the temperature in the ear by an
infrared sensor. The device shows the results
by colors, by the help of a small screen or
LEDs.
9.

lected in the field research. Hereby, user preferences are presented to understand their
main concerns about thermometers.

The necklace thermometer

Just as its name implies, this thermometer
can be worn on the neck as a decoration. The
necklace has two layers of the pendant. The
top layer has a decorative form, while the
lower layer serves as a thermometer. When
users need to measure their body temperature, they can put the ‘necklace’ under the
clothes and open the cover to see the results.

7.2.2. User preferences for prototypes
As mentioned before, the opinions of the local users about the nine concepts were col-

Figure 15. Users with the stamp thermometer

The users liked it due to multiple using positions without having to take off their clothes
or place it under the clothes. Some nurses
preferred the big screen since the measured
results were easy to read on it. Also, the smiley face interaction was found useful to help
the users who did not have enough healthcare knowledge. Most of them liked the big
size of the thermometer as it was not easy to
lose or misplace. It is worth mentioning that
the stamp forehead thermometer was mostly
favored by VHTs.
2.

The bracelet thermometer

People liked the thermometer due to multi-
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down often in their past experience. For some
users, it was found handy to wear the device
on the head without having to hold on to it.

The familiar interaction with armpit thermometers is the top reason why people liked
this idea. The second reason was the easy
understandable instructions on the screen.
As mentioned before, a red cross means that
immediate medical attention is needed and
an image of green house means that it is ok
to stay at home.
5.

The arm thermometer

Figure 16. Users with bracelet thermometer

ple using positions without taking off their
clothes. Even though it is easy to carry, most
of the male interviewees did not like it as they
associate the bracelet with women’s decoration. The idea of charging by solar power
was liked by some of the users. The bracelet
thermometer was mainly liked by the nurses
in health centers and hospitals, according to
the user research.
3.

4.

The armpit thermometer with dynamo

Figure 19. User with arm thermometer.

The head band thermometer

The head band thermometer was liked by
some people who preferred charging by solar
power. However, others mentioned their distrust in solar-powered products which broke
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Figure 17. User with headband thermometer

Figure 18. User with armpit dynamo thermometer.

To accommodate various hand sizes, adjustable size would be needed for this thermometer. The users also indicated that the armpit
thermometers seem more realistic to them.
However, people did not show so much interest in this thermometer.

6.

The L-shaped armpit thermometer

The L-shaped armpit thermometer was well
accepted by the nurses. Not only because
of the familiar interaction, but also the big
screen helps the healthcare workers to read
it easily from distance. Some of them liked
it also because of the hand-powered char-

ger with which the thermometer can be used
without changing batteries, although concerned about how much time they would
have to spend on charging the device.

some of the users did not understand the
sound instruction after measuring the temperature. Another complaint was that the
device was not easy to be placed.

7.

8.

The wearable ear thermometer

In the user research, most of the people did
not like the wearable ear thermometer because it could transmit ear infections. Also,

The finger ear thermometer

For the same reasons as the wearable ear
thermometer, this kind of thermometer was
considered to transmit ear infections. Placing
it in the rectum was not accepted by many,
even if that meant getting more accurate result.

Figure 22.
Wearable ear
thermometer

9.

Figure 20. L-shaped armpit thermometer with
hand-powered mechanism

Figure 21. Wearable ear thermometer

The necklace thermometer

A lot of users mentioned that it was not appropriate for children or babies. A nurse said
she would like to have it for her personal use,
but not for examining patients. Moreover,
the thermometer was not very convenient for
putting under clothes.
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Nurses prefer professional
thermometers with figures,
while local people favor the
colors and smiley interactions

eter on the forehead or neck more than on
other places. It is noticeable that the results
of user tests were affected by some factors.
Firstly, the sample of our research was not
very large, so it might be difficult to have a
comprehensive view of user preferences.
Secondly, some of the users, especially the
villagers in the rural places lacked the understanding of the notion of a prototype. Since
the foam models were rough and did not
function as real products, it was too abstract
for them to evaluate the concepts.
Figure 23. Necklace thermometer

In general, the healthcare workers preferred
a professional thermometer where figures
and colors can be used complementarily.
Some of them preferred to place thermometers in the armpit because they were used to
this interaction. Most of the VHTs would like
to use battery-based thermometers for their
reliability. They also mentioned that AA-type
batteries were the most accessible in rural
Uganda. However, the nurses showed more
interest in the hand-powered thermometers.
Villagers favored colors and smiley-face interactions the most. Some people did not
like solar based thermometers because of
bad experiences in the past with other solar
products. They liked to place the thermom-

airtime. If pressing a certain number on the
keyboard of the phone, the person is prompted to type the code number on the purchased
card. The system works as pre-paid credit in
other countries.

7.3. Initial service ideas
During this phase of the project an idea for
a product-service system with potential business models came up.
The designed service is a diagnosis text-messaging service which can be used complementarily with the thermometer. Many people in Uganda own and use cellular phones.
The phones are used not only as communication devices, but also for performing tasks as
paying bills, transfering money and others.
The most common way of adding credit, or
“airtime” as referred locally, to the person’s
account is by purchasing special cards with
code numbers. The owner of the phone sends
a text message to a certain number and is
asked whether the owner would like to add

Figure 24. Credit-loading prepaid airtime card

The inspiration from such system ignited
the idea of diagnosis through text-messages. Due to the availability of cellular phones
in vast amount of population, this service
would have potential to be used a lot. The
diagnosis text-messaging service would
work by measuring temperature using the
designed thermometer and sending the temperature to a specific number. The number
and instructions are indicated on the back
of the thermometer. The user would receive
a respond asking for more information in the
form of a menu (see figure 25). The questions
would ask regarding the symptomps of the
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montly payment. This way, an individual or
group that buys the subscription is certain
that he/she can get medical help through the
text-messaging service.

7.4.2. Diagnosis entrepreneurs
Entrepreneurs in villages can buy the thermometer to start their own diagnosis business by charging a small fee each time villagers needs to measure their body temperature.

7.4.3. Partnerships
A local phone provider such as Uganda Telecom can provide the thermometer as an
accompanying service. Uganda Telecom’s
slogan is “It’s all about U”; providing a thermometer with their services would fit their
brand image.

7.4.4. Data collection / sales
Figure 25. Product Service Idea

user, whether the user is nauseated or not,
has shivering or not, etc. An automatic system would check for different symptoms and
sent advice accordingly.

System provides opportunities for several
business models presented here.

7.4. Business Model Ideas

A thermometer is delivered for free with
an accompanying subscription including a

The previously mentioned Product Service
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7.4.1. Subscription per village

With a full implementation of the text-messaging service data can be collected on the
occurence of different diseases. This data is
very useful for different parties, such as the
Ministry of Health for analysis issues, but
also for pharmacies to determine which medicines to obtain.

7.5. Local Manufacturing
Four local manufacturers were visited in
Kampala to investigate opportunities for local production of the Stamp. The different
manufacturers were found through the local
Yellow Pages and through visits the information was gathered.

tries, indicated that he would like to expand
his business in the medical field and this
would be a nice opportunity. The most common plastic materials were Polypropylene,
High Density Polyethylene and PET. Based on
the provided prototypes, the manufacturer
estimated the cost of a single unit to be less
than 1 USD with the initial mold being the

highest fixed cost. The cost would go down
when the quantity increased. This gave the
team insights about expected costs and possibilities to produce the thermometer locally
and affordably. The owner of the company
also thought that the electronics have to be
imported from abroad, but assembly can be
made in Uganda, if it is not very complicated.

From the interviews it became clear that it
is very likely that the housing of the Stamp
can be produced locally in one of the plastics
manufacturers.
One of them, the owner of Margherita Indus-

Figure 26. Product portfolio of Margherita
industries

Figure 27. Product portfolio of Nice House of Plastics
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Further, another plastic manufacturer named
“Nice house of plastics” was visited. The company had a large product portfolio, ranging
from ball-point pens to large tubs, with variety of plastic materials as well.
Another business man, the manager of Afroplast, proposed to contact New Master Electronics to discuss the possibilities for importing the electronics and assembling the
device.

Following table presents the list of the visited
manufacturers and findings from the meetings:
Manufacturer
Margherita
Industries

Type of manufacturer
Plastics manufacturer

NICE House of
Plastics

Plastics manufacturer

Afroplast Enter- Plastics manufacturer
prises LTD.
New Master
Electronics importer
Electronics Ltd.

Gathered information
General information on the manufacturing
process. Information regarding available
equipment and materials in the country.
Estimations on the price. Availability to
assemble the housing with imported electronics.
Product portfolio and possibility to manufacture the chosen shapes. Price estimations.
Possibility to manufacture the chosen
shapes. Price estimations.
A phone number to contact the owner.

Table 3. Summary of visited manufacturers and findings from the meetings

Figure 28. Product portfolio of Afroplast
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Possibility to manufacture
the housing and assemble the
product locally with imported
electronics

Interaction of the device reflects
the natural behavior of measuring body temperature

8. Evaluation
As the result of field research and idea generation sessions, nine different product ideas
and one service idea were generated. In this
chapter, an idea-screening process is presented to explain the reason of each decision
making. Moreover, the opinions from local
stakeholders and experts in the Netherlands
are collected to evaluate the ideas.

8.1. Concept evaluation
In this section, the pros and cons of the
nine different concepts and the product-service-system are discussed with the opinions
from the relevant stakeholders to choose the
one to continue in the next design phase.

Figure 29. Prototype models

Information of the interviewees
The users:
• Village Health Teams (hereinafter referred
to as VHTs)
- 2 trained volunteers in every village,
1 man and 1 woman
- Trained to examine and treat malaria, pneumonia and diarrhoea
- Only treat children under 5
- Equipped with RDTs, breath timers
and medicine to treat the three dis		eases
• Nurses from the local healthcare centers
(hereinafter referred to as Nurses)
The experts:
• Dr.ir. Jan Carel Diehl (hereinafter referred
to as JC)
- One of the project initiators
- Coach of the project
- Assistant professor for the Design
for Sustainability (Delft UT)
- Expert on BOP projects
• Prof. dr. Ria Reis (hereinafter referred to
as Ria)
- One of the project initiators
- Professor of medical anthropology
at Leiden University Medical Center
- Fellow of the African Studies Centre
in Leiden
- Expert on Medical Anthropology

Figure 30. Discussion of prototype models

•

•

•

Dr. Niels Chavannes (hereinafter referred
to as Niels)
- One of the project initiators
- Associate professor at LUMC
- Expert on chronic disease manage
ment in public health and primary 		
health care
John Kirungi (hereinafter referred to as
John)
- Healthcare educator in the Health
District Office in Masindi town
- Guide and translator in the field research
Frederik van Gemert
- Department of General Practice, 		
Groningen University Medical Center
- The initiator of Fresh Air Uganda
- Expert on chronic obstructive pulmonary diseases in Uganda

Prototypes and evaluations are presented in
the
following
table.
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Concept
Stamp

Bracelet

L shape
armpit

Dynamo
armpit

Necklace
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Prototype

Advantages

Disadvantages

User preference
VHTs
Nurses

Experts
preference
JC
Ria
John
Niels

- Can be used in multiple positions
- No need to be placed under clothes
- Big screen
- Easy to understand interaction
- Robust and not easy to lose
- Hygienic
- Easy to get AA batteries
- Fast
- Accurate
- Can be used in multiple positions
- Do not need to put it under clothes
- Easy to carry
- Charged by solar power
- Fast
- Familiar interaction
- Easy to read
- Charged by hand power
- Low cost
- Robust
- Familiar interaction
- Easy to understand interaction
- Charged by hand power
- Low cost
- Good for individual use

- High initial cost

- Men do not like it for its image as decoration
- Not so convenient to use solar power
- Fragile
- High cost
- Difficult to fit different body shape
- Need to put it under clothes
- Hand powered charger is fragile

Nurses

John
Ria
Niels

Nurses

Frederik
JC

- Need to put it under clothes
- Not so convenient to charge it by hand
power
- Charger is fragile
- Not appropriate for children
- Need to put it under clothes
- Men do not like it

-

Frederik

-

-

Concept

Prototype

Advantages

Disadvantages

User pref- Experts
erence
preference
-

Ring

- Easy to read
- No need to hold

- The size should be adjustable
- Fragile
- Small battery that is not easy to find
- Need to put it under clothes

Wearable
ear

- No need to hold it
- No need to put it under clothes
- Fast
- Accurate

- May transmit ear infection
- Not easy to understand the interaction
- Not easy to place
- High cost
- Small battery is not easy to find
- Fragile

-

-

Finger ear

- Fast
- No need to put it under clothes

-

-

Head Band

- Charged by solar power
- Easy to place
- No need to hold it during measurement

- May transmit ear infection
- Not easy to understand the interaction
- Not easy to place
- High cost
- Small battery is not easy to find
- Fragile
- Easy to lose
- High cost
- Small battery is not easy to find
- Fragile

-

-

SMSService

- Availability of phones
- Easy access to medical staff with
avoiding long distances

- Low knowledge of local people to judge symptoms of the disease

-

Table 4. Comparison and evaluation of all designs
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The table 4 shows clearly that the stamp,
bracelet and L-shaped armpit thermometers
are the top three favored concepts preferred
by most of the users and experts. Moreover,
compared to the other ideas, those three
have more advantages than disadvantages in
various aspects.
The product-service idea was also dropped
due to little chance of feasibility of the idea.
Through feedback of the experts from LUMC
(Prof.dr. Ria Reis and Dr. Niels Chavannes)
it was discovered that it was dangerous to
allow the users to make judgments on their
own. As people would have to judge symptoms and weight them themselves and there
are too many exceptions, the system would
become too complicated to make a proper
diagnosis. Therefore, it was determined to
focus on the product and provide an accompanying business model.
The concepts stamp and bracelet are generated based on the natural behavior of local
people when they examine sick people. People generally place the back of their hands
on the foreheads or necks of the patients to
intuitively measure their body temperature.
Both of the concepts can be used in multiple positions without taking off the patient’s
clothes.
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In comparison, the stamp has some more
strengths than the bracelet. First of all, the
stamp thermometer is much more robust
than the bracelet thermometer since the
length of the bracelet and the position of the
solar panel are adjustable, making the product more fragile. Even though the solar panel might be beneficial, according to the outcomes of the user research in Uganda, many
villagers do not trust solar products due to
previous bad experiences, and they think
that they easily break down and are expensive. So, they prefer the stamp powered by
AA-type batteries that are low-cost and easy
to find in Uganda. In addition, some of the
nurses and VHTs mentioned that the stamp
was not easy to lose because of its big size.
The bracelet might be inconvenient to wear
on the wrist when they work in the field, especially for male farmers.
Since the technologies implemented in these
two concepts might be the same and the usage mode is also similar to each other, the
team decided to choose one of them to elaborate in the next phase. Obviously, the concept stamp has more potential to be developed in this case and the cost of the bracelet
might be higher due to the attached solar
panel. Last but not least, four of the five experts chose the stamp thermometer as their
most preferred concept. Above all, the stamp

was selected to be developed further because it has a lot of benefits.
The L-shaped armpit thermometer is also
preferred by nurses and two of the experts.
The biggest advantage of this concept is the
interaction that is similar to the mercury
thermometers used in Uganda. The users are
familiar with the way of using the thermometer under their armpit and find the interaction easy to understand. The L-shaped armpit thermometer has lower cost as it uses a
plain low-cost thermopile sensor, in comparison with the more expensive infrared sensor
of the Stamp. However, people had different
opinions about the hand powered charger.
While some users liked it as there is no need
to change the batteries, others would prefer
batteries instead of having to hand-power the device to charge it. Since the design
is still quite robust and fits into the specific
context, the team chose the L-shaped armpit
thermometer as the second possible solution
for the project.

8.2. Two concepts
Among the multiple concepts, the two concepts were chosen according to user tests
and expert opinions. The chosen concepts
are the L-shaped armpit thermometer and
the Stamp forehead thermometer. In order to

choose the final concept, the team evaluated
both of the concepts by various aspects such
as technological performance and aesthetics.

Thermometer
Current armpit
thermometer

Advantages
+ Cheap
+ People are familiar with it

8.2.1. Comparison to the existing product
The team first compared the concepts with
each other and with the thermometer that is
most frequently used in Uganda. Based on
the comparisons, it is clear why it is necessary to provide a new design to the users in
Uganda.
Obviously, there are much more advantages
of the two concepts when comparing with
the mercury thermometer. The interviews
with health workers at local healthcare centers revealed that although the glass mercury-based thermometers are cheap, they tend
to break easily and often. It is also notable
that the healthcare workers cannot get a new
thermometer in short time, as they have to
request a new device from the District Health
Office and the delivery takes some weeks.
Therefore, during the field research in rural
Uganda, only one healthcare center had thermometers to use. Moreover, the government
needs to pay often to purchase the mercury thermometers since they break down fast
and easily.

L-shaped armpit + User-friendly and easy to underthermometer
stand the results with colours
+ Cheap technology
+ Can be used in more places (armpit, rectum, etc.)
+ Easy to read the result from a
distance
+ Faster than the current armpit
Stamp forehead + User-friendly and easy to underthermometer
stand the results with colours and
smiley face
+ More accurate than the armpit
+ No danger of infection if used
correctly
+ Can be used without undressing
+ Faster than the armpit
+ Can be used in both adults and
children without adjustments

Disadvantages
- Not accurate enough
- Easy to break
- Contains toxic fluid
- Takes a lot of time to measure

- Not accurate enough
- Needs better cleaning than the
one for forehead
- Needs to be put under the
clothes
- Might need to be adjusted to fit
both adults and children
- Slower than the stamp
- More expensive technology
- People are less familiar with it

Table 5. Comparison of two designs to the existing product

Another big problem of the current thermom-
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eters is that they contain mercury which is
toxic for humans. Hence, if the device is broken, the mercury inside can be very dangerous for both the healthcare workers and the
patients. The mercury-based thermometers
have been banned in Europe for this reason and are in process of being phased out
throughout Uganda.
Based on the research, the healthcare centers are always busy during the day and a lot
of patients need to wait for a long time due
to the limited number of healthcare workers.
Therefore, it would be beneficial if measurements can be done in a short time. Currently,
by using mercury thermometer, around eight
minutes are needed to do one measurement.
However, only 30 seconds are needed to
take the temperature by the L-shaped armpit
thermometer and only few seconds are needed for the Stamp forehead thermometer.
Last but not least, the mercury thermometer, which is originally intended to measure
temperature in the rectum, is mainly used for
armpits in Uganda due to cultural reasons.
The armpit measurement does not provide
the most accurate reading. It can be a critical
defect for professional users when they need
to know an accurate number to help them
diagnose patients. The stamp, however, has
an infrared thermopile sensor that measures
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both the temperature of human veins and the
environment temperature to filter the actual
body temperature on the forehead.

8.2.2. Scenario
Two scenarios are made to explain the different situations of using the two concepts.
In the first scenario, a stamp thermometer is
used by a VHT. The other scenario shows a

nurse taking a patient’s temperature by the
use of an L-shaped thermometer.
8.2.2.1.

Stamp

As shown on the picture below, a villager
brings a sick child to a VHT. To measure the
body temperature, the VHT puts the stamp
thermometer on the child’s forehead and
after 3 seconds the thermometer makes a

Figure 30. Scenario for the usage of Stamp forehead thermometer design

sound which means the measurement is finished. Then the VHT reads the information
on the screen which includes numbers and a
face. In this case, since the number is 37 and
there is a smiley face on the green screen,
they know that the child does not have fever.
When the temperature is shown to be in the
fever range, the VHT takes a blood sample

and checks the patient for malaria using the
RDT and if needed gives medicine.
8.2.2.2.

Armpit

In this scenario pictured above, patients
go to a health center and a nurse uses the
L-shaped armpit thermometer to take their

body temperatures. After putting the thermometer in the armpit for 30 seconds, it
makes a sound to tell the users that the measurement is finished. Then the screen is red
and the temperature is 38 °C which means
the patient has fever.
It can be seen from the scenarios that the
Stamp has more advantages compared to the
L-shaped armpit thermometer. First of all,
there is no need to put the Stamp thermometer under the clothes. Secondly, it takes
longer for the armpit thermometer to get a
result. Lastly, the smiley face is an easy understandable interaction for the users. Evaluation of the concepts in an objective scale is
provided in the next section.

8.2.3. Comparison between the two
concepts

Figure 31. Scenario for the usage of L-shaped armpit thermometer design

In order to decide which concept should be
developed further, an evaluation method is
used to compare the two concepts in this
chapter. The final concept is chosen based
on the discussion and analysis of the two
thermometers in various aspects. The team
used methods of Harris Profile and Weighted
Objectives to evaluate the two concepts. According to the initial goal of the project and
the user needs, a set of design criteria (requirements) was established.
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Following is the list of criteria, categorized
based on design aspects, and the criteria are
later analyzed in detail.
-

Usability values

The details of the evaluation method, the
scores for all criteria and explanation of the
requirements can be found in Appendix F.

o
Robust
o
Easy to understand functions and use
cues
o
Convenient placement
o
Easy to understand the feedback (visual + audio)
o
Easy to clean
o
Comfortable to hold

From evaluations, the concept of Stamp is
ahead of the L-shaped armpit in many of the
design requirements. For those reasons, the
Stamp was chosen as the most feasible and
appropriate concept and planned to further
elaborate on and make detailed design.

-

Socio-cultural aspects values

o

Familiarity

-

Technology

Through previously performed research (see
Chapter 3) different business model styles
were fit onto this project. They are described
below.

o
o
o
o

Accuracy
Speed
Charging (power)
Economy
Price

The L-shaped thermometer had lower values in accuracy, speed, robustness and convenience of placement. Whereas the Stamp
thermometer scored high on those ones,
but low on the cost, familiarity and charging
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method.

8.3. Business Model Evaluations

8.3.1. Business models
In these business models, the NGO is a
non-governmental organization setup by us.
BM1: Ugandan community sale model
The Stamp will be sold to a group of Ugandans for the price that the NGO pays for production + distribution + margin for the pharmacies (distributor). After sales the group
owns the Stamp. Preferred group size would

be 10 to 12 people, to make managing easier
and lower the price for the group members.
BM2: Ugandans pay-per-use model
The Stamp will be delivered to pharmacies
who pay 3000 UGX per month for renting
the Stamp from us for 12 months after which
they own the Stamp.
BM3: Government sale model
The Stamp will be sold to the government for
the price that the NGO pays for production +
distribution + a small margin.
BM4: Government subscription model
The Stamp will be sold with a subscription
to the government, where they pay 1/10th
of production + distribution per month for
12 months, except if the thermometer breaks
down.
BM5: Western sale model
The Stamp will be sold to parents with children in the West for a premium price so that
one thermometer is delivered for free to the
Ugandan government.

BM6: Western GP sale model
The Stamp will be sold to General Practitioners in the West for a premium price so
that one thermometer is delivered for free to
the Ugandan government.

8.3.2. Criteria
1.
Initial buyer investment
The investment power in developing countries is low. Most people in developing countries live on a day-to-day basis and do not
invest in bigger products and services.
2.
Impact (reach)
How many people belonging to the target
group are reached (the target group being rural Ugandans).
3.
Sustainability
How sustainable the business model is, meaning how well does it keep itself going without
being dependent on external resources.

6.
Costs NGO
Is the business model financially viable for
the NGO?
Based on the Harris Profile method, the business models were evaluated. Appendix G
presents the details of the business model
evaluations and decision making criteria.
The evaluations showed that all of the business models have some negative aspects,
with the Business model 4 being the most
prominent.
Combinations of Business model 4 and Business model 5, along with the combination
of Business model 4 and Business model 6,
were the most viable business models as sustainability is a very important issue. The investment of the government will be less, as
the profit from western families or general
practitioners is supporting them.

4.
Quick expansion
How quickly does profit come back to expand
to other areas/countries.
5.
Buyer costs
How much will the buyer have to pay after
the initial investment has taken place.
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The Stamp is a digital forehead thermometer
designed to assist mothers, health care workers and VHT’s in their diagnosis and treatment
process to prevent mis- and over-use of medicine by accurately measuring temperature.

9. The Stamp
Based on the defined problem, literature
search, field research and multiple rounds of
concept generation and prototyping, Asli Design Team developed a digital forehead thermometer to accurately and intuitively measure body temperature in the Ugandan context.
The Stamp is a digital forehead thermometer
designed to assist mothers, health care workers and VHT’s in their diagnosis and treatment process to prevent mis- and over-use of
medicine by accurately measuring temperature.
To measure the patient’s temperature, the
Stamp is placed on the forehead of the patient. It uses infrared technology to read the
temperature within a few seconds. Feedback
is given with an audio signal which informs
the user it has measured the temperature.
The reading is displayed on the interface in a
combination of figures, color and smiley face.
Advantages of the Stamp thermometer above
other competitors are:
+ User-friendly and easy to understand the
results with colours and smiley face
+ No danger of infection if used correctly
+ Can be used without undressing the patient
+ Faster reaction time compared to other
thermometers
+ Can be used in both adults and children.

Figure 32. Design of the Stamp Thermometer
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9.1. Main features
Interaction
The feeling of the Stamp touching the forehead is based on the intuitive behavior of local mothers and nurses, who usually touch
children’s forehead and face with the back of
their hands to check for signs of fever in the
body. Although its shape allows to touch any
part of the body, like forehead, cheek, neck,
belly, etc. the Stamp is designed to measure
the temperature on the forehead, because
only in this place it can be accurate enough.
Simple interface encourages efficient usage
of the product. There is only one button to
turn on and off the device. The device will
automatically shut off if it has been idle for
3 minutes. There is not “Measure” button.
This function is performed by the sensor
that feels the skin temperature when it is in
the appropriate distance and initiates the
thermo-sensing mechanism. The measured
temperature is shown with a combination of
¬figures, colors and a smiley face to enable
understanding of the patient’s health state
by all people, like healthcare workers, VHTs
and villagers.
Hygiene
The stamp is hygienic, as it only touches the
forehead of the person and is easy to clean.
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The chosen color of white is specifically in order to reveal the state when the thermometer
gets dirty. This is done in order to motivate
the healthcare workers to clean it regularly
and keep it hygienic.
Speed
Stamp reads the patient’s temperature and
displays it on the screen within 1 second.
Charging
Different charging methods have been considered and researched for the Stamp:
•
Solar powered charging
•
Human-powered charging
•
Standard batteries

Moreover, it is considered that the act of
charging the thermometer while having to
measure the temperature would not add value to the status of the healthcare worker.
Similar to a solar-powered device, this method of charging would need a rechargeable
battery.
Therefore, it was decided to use standard
batteries for charging the Stamp. Stamp uses
AA type batteries that are screwed in the device and can be replaced when they run out
of power. These batteries are widespread and
the most accessible type of batteries in Africa.

Through the field research it was discovered
that while large solar panels were common,
the population in Uganda had bad experiences with solar-powered devices due to
lack of reliability and robustness. Many of
such devices were damaged soon and there
is no infrastructure for repairing and maintenance on a local scale. Moreover, having a
solar-powered mechanism would still require
using a rechargeable battery that would escalate the price of each unit higher.
Making the stamp use a human-powered
mechanism would make the product less
robust due to the vulnerable moving parts.

Figure 33. Battery housing of the Stamp

Pricing
The price is estimated to be at 3.07 (three dollars and 7 cents) USD or 7,600 (seven thousand and six hundred) Ugandan shillings.
The detailed cost of the unit is discussed in
section 9.6. Distribution and business models on how to deliver it to local people and
the government are discussed in section 9.7.
9.2.

Design guidelines

The following table (Table 6) describes

the guidelines in terms of main functions,
features, meanings and limitations of the
“Stamp” concept. The functions are what the
product is designed for and what it does.
The features are the unique properties that
the concept embodies. The meanings are the
symbolic meanings that the product brings
to the user. Finally, the limitations are the
constraints that have to be followed in implementing the design. The green colors indicate
what we managed to achieve with the Stamp
concept, while the red cells show what was
difficult to achieve.

Table 6. Functions, Features, Meanings and Limitations of the Stamp

9.3. Target group
Although in the beginning of the project it
was thought that the target group for this
thermometer would be mothers and their
children, after the field research in Uganda
the target group shifted. It was decided together with the experts and local stakeholders that the best target group to introduce
the product would be the VHTs. The VHTs
will also need to be trained on how to use it
since they do not have medical background.
But it is the optimal users because they are
very close to the villagers and they are the
first person they consult when their kids get
sick. In this way, villagers will get to know the
Stamp as they will see it when they go to visit the VHT and they will trust it since it is a
government approved device. In the future,
when the Stamp will be sold in pharmacies
or drug shops, they might want to buy it for
themselves and their kids at home, since they
will have seen its value.
Giving this thermometer to the villagers directly would be risky, first of all because they
do not know what it is, why it is useful or how
to interpret the results. If they would just get
it without the incubating period there would
be a high risk that they would think they have
malaria and take anti-malarial drugs if they
see a red color and sad face. This is because

67

malaria is one of the most common diseases
and they do not know the difference between
malaria and fever. Before they start buying
it, it should be made clear to them that this
product is just to help them decide if they
have to go to the doctor or not, and not to diagnose themselves at home. In addition, this
product might be a tool to help them learn
the temperatures of fever and become aware
of the difference between fever and malaria.

The color blue is considered one of the favorite and most positive colors according to
responses of Ugandan people regarding their
preferences. White is chosen in order to prevent the thermometer from getting dirty by
obviously showing the dirtiness and by that
motivating the health care workers to clean
it regularly.

9.4. Aesthetics

The shape of the Stamp fits in the hand of an
adult person. Its shape takes inspiration from
the shape of a stamp. In Uganda, stamps are
owned and used mainly by high-positioned
government officials. The artifact of stamp

9.4.1. Color
The colors of the prototype are chosen to be
white for the main housing and blue for the
highlighted parts. The area around the screen
is designed in blue for aesthetic purposes.

Figure 33. Worst to Best color preferences
(from left to right) of a local user
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9.4.2. Shape

Figure 34. Stamp from the rear side

implies a status to the health care worker giving them a sense of power and confidence.
Moreover, it is a common practice for doctors and health care workers to examine patients by touching their forehead, face and
neck in order to feel the condition of the
patient. This touch feeling is perceived as to
have healing effect by the Ugandans. When a
doctor prescribes medicine without touching
them, people consider the results to be unreliable. Therefore, a touch feeling is added to
the thermometer to reflect the local culture
and beliefs.
Furthermore, it has a stable structure and is
large enough to be visible and easily recognizable. The batteries are placed in the housing with a screwdriver. While unscrewing the
screws does involve certain effort, it is not
completely impossible. This obstacle is created on purpose in order to avoid people
taking out the batteries and using for other
devices. The button is placed in the middle of
the shape in order to intuitively fit either the

Figure 35. The button of the Stamp

thumb or the pointing fingers, that are the
two most dominant of the person.

9.5. Material
9.5.1. Housing

•

In order to decide about the main material of
the housing a comparison was made among
materials that could be suitable for such
an application. The selected materials were
Polypropylene, High Density Polyethylene
and PET which are locally available and used
by the plastic manufacturers that we visited
in Kampala. ABS was also added in the comparison because it is difficult to break and it
could be good to improve robustness. The
comparison was made against five criteria:
• Yield strength, which is a property indiCriterion
Yield stength
(MPa)
Cost (EUR/kg)
Alcohol resistance
UV resistance
Local availability

•
•
•
•

cating how strong a material is, actually
representing the “stress at which material first suffers permanent deformation”
(CES EduPack 2013) and after which it
breaks.
Cost, which is a very important factor to
keep the total cost of the product as low
as possible.
Alcohol resistance, because the thermometer should be able to be cleaned by
alcohol since it is a medical device.
UV resistance, since the product is going
to be in a place with bright all year round.
Local availability, because the product
should be possible to be produced locally
in one of Uganda’s plastic factories.
In table x the comparison can be seen,
with data collected from CES Edupack
and Plastipedia.

Polypropylene UV
stabilized (PP)
23.6-26.9

HDPE (Polyethylene)
26.2-31

PET

ABS

50-55

42-46

1.53-1.76
Very good

1.4-1.54
Very good

1.65-1.82
Very good

2.26-2.49
Poor

Good
Yes

Fair
Yes

Good
Yes

Poor
No

According to the comparison above High
Density Polyethylene and ABS were discarded because they did not satisfy some of the
criteria, as can be seen by the values marked
red in the table above. From the two remaining materials, PP and PET, both are suitable
for the thermometer. PET is much stronger
therefore more difficult to break, but it is a
bit more expensive than PP.
In order to select the optimal material from
the two it should be determined which material is more durable and if how big would
the difference in price be. For example, if PP
is used as cheaper but the thickness of the
housing needs to be increased by using more
material, then the final price for each product might be the same as with using PET with
smaller thickness. For this reason, the best
way to decide is to make simulations in 3D
software to check how strong the housing is
with each material and if changes need to be
made to the model to increase its durability.
Furthermore, it would be very useful to take
the opinion of a materials expert. Although
the final choice was not made due to time restrictions, we are confident that it is possible
to make the Stamp with one of these locally
available materials.

Table 7: Comparison among different plastic materials
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9.5.2. Rubber parts
Rubber is added on the top part of the device
in order to create friction between the human hand and the device to prevent slipping
accidents and avoid damage to the device.
In order to select the most suitable material
for this part a similar comparison was conCriterion
Yield stenght (MPa)
Cost (EUR/kg)
Alcohol resistance
UV resistance
Local availability

ducted. This time two materials that seemed
the most suitable were compared with data
collected from CES Edupack and Columbia
Engineered Rubber Inc, Silicon and Ethylene
Propylene (EPDM) as can be seen in table 7.
From these two materials EPDM seems to be
the most suitable, as it is much cheaper and

Silicon
7-11.5
8.37-9.95
Unsatisfactory (to most alcohols)
Good
Unknown

Ethylene propylene (EPDM)
5.4-20.2
2.98-3.69
Satisfactory (to most alcohols)
Good
Unknown

Table 7: Comparison among different rubber materials

can be cleaned using different types of alcohol without problem, unlike Silicon. Therefore, EPDM is suggested for the rubber part,
but since we did not test this material, a test
should be made to check the properties and
ensure the suitability before the final product
is ready for production.

9.6. Information display
Figure 36. Rubber parts of the Stamp
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The information display has several steps of information shown to the user. The states of body

temperature are expressed on the screen in three
variations.
When the user pushes the start button, the
screen turns on and shows the initial screen of
lines and an icon of the Stamp moving in front of
the forehead (fig. 37.a.), inviting the user to place
the thermometer on the forehead of the patient.
Then, the audio feedback is given when the thermometer is ready to display the measured temperature.
The green color and a positively smiling face (fig
37.b.)are shown when the measured temperature is below 37.4°C. This state indicates that the
patient is healthy and is in a good state. When
the patient’s temperature is within the range of
37.4°C-37.7°C, the display is yellow with a neutral face (fig 37.c.). It signals the patient to be
cautious about his/her health. A repeated measurement of temperature is recommended. The
red color and a sad face (fig 37.d.) are displayed
when the temperature is above 37.8°C. This indicates that the patient must immediately seek
medical attention.
These three colors were chosen after finding out
from the field research that people in Uganda
associate yellow and red with bad things and
danger, while they think that green is a happy
and positive color. Furthermore, these colours
are bright and provide a good visual contrast,

Figure
37.a			
Interactions of the screen

			

which facilitates viewing the result on the screen
in dark or very bright places.

9.7. Ergonomics

37.b					

37.c					

37.d

9.7.1. Size
The main dimensions of the final product are
shown in the following drawings.

In order to ensure that the Stamp is as ergonomic as possible and can be used comfortably by
its users, its size and form was considered in relation to hands and forehead sizes, since these
are the two body parts that interact with it, apart
from the eyes and ears which interact more with
the screen.
Figure 38. Front view

Figure 39. Top view

Figure 40. Bottom view
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9.7.2. Hand

with larger hands without problems.

dimensions are suitable for them as well.

Due to the lack of availability of data for
Ugandan people, an average of Dutch person’s dimensions was taken. The exact data
of grip circumference of the local Ugandans
has to be measured to modify the shape
to fit the local people as part of the future
plans. Among the adult females of Dutch
population of 20-30 years of age, grip circumference is found to be 107mm for the 5%
of that population, which is defined as “the
maximum circumference of the circle, made
by the thumb and forefinger when enclosing
a cone” by the DINED website, as shown in
figure 41. The 5% of female hands was chosen because if the product is suitable for the
smallest hands, then it can be used by people

Since the device is circular its maximum circumference can be calculated as C=pi*diameter, therefore it is 67.2mm*3.14=211mm, in its
widest part. This makes it much bigger than
the grip circumference of the smallest female
hands, as found above. However, in the case
of the Stamp the person’s grip does not have
to form a circle but just half a circle, since the
button is in the middle of the front part. This
means that the required grip circumference is
only half of the device’s circumference which
is 105.5mm. Therefore, despite the fact that
the device is quite big, it is still suitable for
people with small hands. Now data for the
grip circumference of Ugandan people remains to be found in order to confirm if these

9.7.3. Forehead

Figure 41. Grip Circumference

72

Studies on the African American young women found the forehead mean width to be
about 68.9mm, as can be seen in table 8. The

Table 8. Comparison of anthropometric measures in young African American Women and
Yound North American White Women (Porter et
al., 2001)

bottom part of the Stamp which touches the
forehead has a diameter of 48mm, therefore
fits the forehead of young African American
women, which gives an indication that it will
probably fit the people in Uganda as well.
Moreover, the studies show that on average,
women of African descendants tend to have
a more prominent upper forehead and periocular region than of the Caucasian origin.
This fact allowed us to estimate that if the
stamp fit the forehead of a Caucasian population, it would indeed fit the forehead of
African populations. An issue to be careful
about is that this is the average value and
not the size of the women with smallest forehead. In additon, the Stamp has to be suitable for babies and children of all ages, apart

from adults. Therefore, more data need to be
found or measured in order to determine if
it can appropriately fit babies’s forehead as
well. This might lead to the need to reduce
the size of the Stamp’s bottom surface. This
surface was made in this size in order to offer stability, so that the Stamp can stand on
its own on an even surface and prevent people from placing it with the screen down. In

Figure 42. The stamp’s bottom surface

Figure 43. Exploded view of the Stamp

addition, the bottom surface of the stamp is
slightly curved, just as much as needed to fit
to the forehead’s curve (Figure 42).

9.8. Technology
Figure 43 displays the exploded view of the product, showing all the internal components and
their layout.
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9.8.1. Temperature sensor
The technology of the Stamp uses an infrared sensor to detect the temperature of the
human body, an LCD screen to display the
temperature in figures, colors and smiley faces, piezo buzzer for notifying by sound when
the temperature is done measuring, printed
circuit board to host the components and AA
type batteries to power the screen and connection to the sensor.
Infrared Sensor used for the Stamp is the
infrared temperature sensor MLX90615
fom Melexis, designed for medical use. The
MLX90615 is an infrared thermometer for
non-contact temperature measurements.
The sensor integrates the infrared sensitive
thermopile detector chip and the signal conditioning application-specific integrated circuit in the can. The thermometer comes factory-calibrated with a digital SMBus output
giving full access to the measured temperature in the complete temperature range(s)
with a resolution of 0.02°C, which makes
them ideal for forehead thermometers.
This family of Melexis 3rd generation highly
accurate MEMs contactless infrared temperature sensors are currently being used in
applications like dashboards of cars to guide
the HVAC system, as well as in ear- and fore-
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head thermometers, microwave ovens, green
air conditioning systems, process control and
maintenance systems, medical blood analyzers and mobile phones.
Another big advantage of this sensor is that
it is able to overcome the problem of many
infrared thermometers which is the “error
induced due to fast temperature variations
and/or thermal gradients” (Melexis, 2011).
As Melexis (2011) website shows, “ Melexis
is able to reduce this effect by 2 orders of
magnitude using our built-in compensation
technology. This technology is based on the
use of a secondary sensor to measure the
thermal disturbances and compensate the
measurement result with internal digital electronics. In this way our thermometers can be
used in environments where most other infrared sensors fail.”

•
•

sensor networks
Customizable PWM output for continuous reading
3V supply voltage

Figure 44. Sensor size.
Image from http://
www.melexis.com/

9.8.2.

Display

Liquid-crystal display (LCD) screen is used
for displaying the temperature visually. The

MLX90615 features include
•
•
•
•
•

Small size that is easy to integrate
Factory calibrated in wide temperature
range: -40 to 85 °C for sensor temperature
and -40 to 115 °C for object temperature.
Medical accuracy of 0.1°C in a limited
temperature range.
SMBus compatible digital interface for
fast temperature readings and building

Figure 45. : The principle of liquid crystal display
Image from: http://en.wikipedia.org/wiki/File:LCD_layers.svgcom/

display uses the light modulating properties
of liquid crystals with images made up of a
large number of small pixels. LCD screen is
energy efficient and its low electrical power

consumption enables it to be used in battery-powered electronic equipment.
Figure 45 shows the principle of liquid crystal
display:
1. Polarizing filter film with a vertical axis to
polarize light as it enters.
2. Glass substrate with ITO electrodes. The
shapes of these electrodes will determine
the shapes that will appear when the LCD
is turned ON. Vertical ridges etched on
the surface are smooth.
3. Twisted nematic liquid crystal.
4. Glass substrate with common electrode
film (ITO) with horizontal ridges to line up
with the horizontal filter.
5. Polarizing filter film with a horizontal axis
to block/pass light.
6. Reflective surface to send light back to
viewer. (In a backlit LCD, this layer is replaced with a light source.)
An LCD display which is round and could
possibly be chosen is the TH318 found in the
Alibaba.com - Lighting Instruments website.
However, it would be better if a custom made
screen is ordered with the exact icons designed which better fit the purposes of the
Stamp thermometer. In addition, backlighting should be used to show the colors which
accompany the results.

9.8.3. Buzzer

9.8.5. Batteries

A piezo buzzer is a piezoelectric audio-signalling device, used to produce audio sound
that alarms the user that the temperature is
completed measuring and ready to be read.
The piezoelectric element is driven by an
oscillating electronic circuit, driven with a
piezoelectric audio amplifier.

Batteries are a power source deriving electrical energy from chemical reactions needed for
charging the display and establishing connection between sensor, screen and buzzer. Stamp
uses two units of type AA 1.5V batteries, to
power the components with 3 Volts in total.

Figure 46. Buzzer.
Image from: http://media.digikey.com/photos/CUI%20Photos/
CEP-4411AC.jpg

Figure 48. Example of AA
bateries. Image from: http://
www.mysmartbuy.com/ProductImages/980/BIG/BIG/
BIG/BIG/BIG/980.jpg

9.8.4. PCB
Printed circuit board (PCB) is a simple circuit
board that mechanically supports and electrically connects electronic components using conductive tracks. The connection is established between the power, sensor and the
screen via the PCB.

Figure 47. Example of
a PCB that could fit
the Stamp. Image from
http://pcbgadgets.
com/image/cache/
data/CP100/round_
pcb-900x900.png

9.9. Comparison with competitor products
The advantages of Stamp over other existing
thermometers are mainly as follows:
• Better interaction, better shape and easy
to understand interface
• No-touch, accurate, fast infrared sensor
• Measures temperature on forehead
• Easy to hold shape
• Easy to read screen
• Temperature stated in numbers, color
and face
• Robust (does not break easily)
• Hygienic

75

•

•
Figure 48. Medisana, ARC and Stamp. Images from: http://www.medisana.com/ and http://shopping.yahoo.com/

Comparison has been done in regards with
two popular competitor devices, the Medisana Infrared Clinical Forehead Thermometer FTN and the American Red Cross (ARC)
Southing Touch Digital Forehead, in order to
analyze the Stamp according to a set of parameters. The comparison is available in Appendix H.

•

•

9.10. Value Proposition
This paragraph describes what values each
stakeholder achieves with the implementation of Stamp thermometer.
Ministry of Health
•
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Less misdiagnosis and mistreatment thus
a more healthy population while saving

•

•

money on the long-term through a more
accurate, economically beneficial and socially acceptable thermometer.
Less misdiagnosis as the accurate thermometer provides a more reliable temperature measurement thus the VHT or
healthcare worker can provide a more reliable diagnosis.
Less mistreatment as patients will receive
a reliable diagnosis and therefore know
which medicine to get.
A more healthy population as people are
treated more accurately and people gain
more trust in the healthcare system and
go to the VHT or healthcare worker faster.
Saving money on the long-term as the
thermometer lasts longer than the current thermometer and will outrun the

•

costs on the long-term.
Accurate as the thermometer will be using an infrared forehead sensor which is
far more accurate than the armpit sensor
that is currently being used.
Economically beneficial because the thermometer will outlast the current thermometer.
Socially acceptable as the thermometer
is specifically designed for the social and
cultural needs, behavior and rituals of the
rural Ugandans, healthcare workers and
VHT’s.

VHT’s
•

•
•

More trust from the community and higher performance by contributing to the reliability of diagnosis through an accurate
thermometer.
Healthcare workers
A higher performance and efficiency by
more reliable diagnosis through an accurate, quicker thermometer that breaks
less often than the current thermometer.

DHO
•

A more healthy population and less transportation costs through an accurate thermometer that lasts longer and thus has to
be distributed less often.

•
•
•
•
•

Drugstore / pharmacy owners
Financial profit from selling the devices
More accurate assessment of patients
and more trust from them
People in rural villages
Less misdiagnosis therefore better health
and less medicine costs.

In line with phasing out the mercury thermometer we have developed the Stamp, an
infrared forehead thermometer that is safer,
more accurate and quicker than the mercury
and digital armpit thermometers. This fundamental diagnosis device will make the diagnosis of disease easier and more reliable.
This will have a positive effect on the general
health of the population, provide status and
confidence for healthcare workers and VHTs
and make Healthcare in Uganda a forerunner
in innovative health diagnostics while educating the general population on the importance and measurement of a healthy body
temperature.

•
•
•

Positive effect on the general health of
the population
Educating the general population on the
importance and measurement of body
temperature
Provide status and confidence for Healthcare workers & VHT’s

9.11. Cost Estimation
A cost estimation was made for the final
product including all the components of the
product in table x. The costs for each compo-

nent can be found in Appendix J.
Besides the production cost, the following
costs will need to be taken into account:
•
•
•
•

NGO office
- Housing
- Utilities
Distribution
Salaries
Assembly costs

In general it is estimated that the overall costs
will be around $6.50, with a maximum of $8.

Advantages
•
•
•

In line with phasing out the mercury thermometers
More accurate and outlasts the currently
used thermometer
Uganda as a forerunner in innovative
health diagnostics

Table 9. The costs per unit minimum per, expected per, maximum per, and costs per 100.000 units,
minimum, expected and maximum.
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9.12. Business Models

Figure 49. Main Business Model
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9.12.1. Main business model
A NGO (Non-government organization) will
be setup that will produce and sell the thermometer. The NGO will sell the Stamp to the
government. They will pay for it through a
subscription which will be 9% of the price
of the production ($3.07) + overhead costs.
There will be a 12-month subscription time.
It is assumed these costs will be lower than
the current thermometer costs of the government, which are estimated at $1.00 per
month per healthcare center, as they buy
a new mercury thermometer monthly per

Healthcare Center. With this model they can
get a better thermometer with lower costs.
They will also gain more status and improve
people’s health. With the money they save
they can start providing thermometers in the
VHT’s HomePack kit. The NGO will have 8%
profit per thermometer per year which will be
invested in growth to other countries.

9.12.1. Alternative business models
Extra and optional business models were
also explored alternatively, and can be found
in the Appendix J.

Table 10. Implementation plan for the designed business model
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Verify the appearance, size,
aesthetics and ergonomics
with a prototype

10. Prototype
10.1. The housing

as can be seen in Figure 51.

A prototype was made with the goal to see if
the stamp satisfies its requirements in terms
of appearance, size, aesthetics and ergonomics and what improvements need to be made.

Figure 51. The housing

smooth and clean feeling. For this reason a
glossy spray paint was chosen.
The rubber parts are not the same as in the
final model presented earlier, since the prototype was printed in an earlier version due to
time constraints. Furthermore, although they
are made of rubber material in the real product, in the prototype they were made in the
same material as the rest of the model since
this was the only material available for the
chosen 3D printer. These parts were painted
blue to achieve the desired look for the real
stamp thermometer.

After the housing was cleaned by the support material and sanded to be smooth, it
was painted in order to acquire the desired
Figure 50. The mock-ups

The housing was 3D printed. It is made in two
separate parts that can be connected later
for easier manufacturing and assembling.
Although they are symmetrical each of them
consists of different elements. They include
all the elements necessary to support the
electronic components that need to be inside,
like the battery casing, the hatch, the button
and screen support, the sensor support. They
also bear the elements required for the snapfit between the two parts in their inner edges,

Figure 52. Painting of the housing

Figure 53. Rubber parts and the button painted
blue
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10.2. The electronics
It was decided to use the electronic components from a similar thermometer in order to
show how the product will work. This was because it would be a waste of time to buy the
components separately and program them,
since we were not going to do a user test. The
electronics were needed just for presentation
reasons and proof of concept. Therefore, it
was enough to integrate them in the housing
and see how everything fits and if any changes are necessary.
We used the electronics from the VICKS Forehead Thermometer (picture x) which were the
most suitable for our thermometer, because
the screen is round and it also shows a different colour according to the temperature.
It also uses an infrared temperature sensor
similar to ours.

Figure 54. Painting of the housing
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The electronic components consisted of a
screen with backlighting, a printed circuit
board (PCB), two buttons, the sensors and
two AAA batteries.

width of the Stamp. The button and the power source had to be disconnected and connected again in another place of the PCB.
Then the remaining part of the PCB was cut
(Figure 56).

10.3. Integration
When the housing and electronics were both
ready, they were put together. The screen
was placed on top of the special supporting
elements in the left part of the housing. The
infrared sensor was placed in its case, the
Figure 55. Electronic components

They were taken out of their housing and
their set-up was changed to fit the Stamp,
since the PCB was bigger than the maximum

Figure 56. The new setup of the electronic components

Figure 57. The interior of the Stamp

batteries wires were placed in the batteries
casing inside the housing, then soldered on
the PCB again. After connecting the button
to the PCB it was placed in its support on the
right part of the housing. Then the prototype
was ready to be put together. After assembling the two parts of the housing and mak-

Figure 58. The button connections

Figure 59. The battery case

ing sure it is closed with the snap fit, the batteries were put in from the back side of the
housing. Finally, the button was glued on the
electronic pushbutton and the rubber parts
were placed on the top of the housing.
Making the prototype was very helpful firstly to see the product’s actual look and feel,
since it is very difficult to understand that
by only seeing the model on a computer
screen. Secondly, we could understand the
size better. In addition, we saw problems in
the assembly that would not have been realized otherwise, for example that the battery
hatch does not fit well on the battery case
and needs to be improved. Also, the screen
did not fit well and the top part of the housing was not properly closed. Overall, it can be

Figure 60. Exploded prototype

said that the prototype was very useful, not
only to have a tangible product, but also to
see the mistakes. It can also be useful in the
continuation of the project, for example, for
user testing by the next team.

Figure 61. Final Prototype
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Our goal is to develop a frugal
product, service or system to
objectively measure fever and
non-fever in Africa.

11. Conclusion and Recommendations
11.1. Policy & Strategy
Accuracy
As the product is not accurate enough for
medical temperature measurement the Stamp
can function as a starting point for educating
people (villagers, VHT’s and healthcare workers) on body temperature related to different
diseases.
Local stakeholders
The next step in the process might be to involve the local decision makers into the development. Different options can be presented to them to give them the opportunity to
give their opinion. As they become part of
the process they will have more motivation
to push the project through and might also
use the product to promote themselves (and
their innovativeness) which has a positive influence on the publicity of the product. Another option is to involve a big party such as
the WHO, Doctors without Borders, Unicef,
etc. to pioneer this product not only in Uganda, but also in other African countries. Several countries in East Africa are working together to setup a union, which might also be
an opportunity for collaboration.
Convincing
To convince the local stakeholders for the

value of the Stamp they will need to know
how much money they will save on the longterm. This can be estimated by looking at how
much misdiagnosis the Stamp will prevent
compared to the prices of medicine. Another
opportunity might be to see how much longer people will be resistant to diseases and
look at how much research money is saved
through this.

11.2. The Stamp
Screen
Screen will need to be compared as it is an essential part for the robustness of the Stamp.
The screen will need to withstand scratches,
humidity, dirt, moist and sweaty hands. The
display and color of the screen will have to be
well readable in sunlight. As a gradient-like
color (from green - to – red, depending on
temperature) is dependent on the amount of
sunlight, it is discouraged to use it.
The use of the colored screen and smiley faces have to be explored. The green light when
temperature is below 37.4 has a positive effect, but yellow and red have a negative effect, and the emotional and privacy implications of this effect have to be checked.
Sensor
The sensor will have to withstand dirt, moist

and sweaty hands. Keeping the part of the
thermometer that touches the forehead clean
is a topic that needs further elaboration.
Power
The use of the local AA batteries might be a
problem as they may create leak damage to
the Stamp. The quality of the local batteries
needs to be tested. Potential alternatives are
to use a very strong battery or a hand-powered mechanism. A very strong battery will
have to work for one to two years in order for
the Stamp to be successful. A hand-powered
mechanism might be more vulnerable (as the
parts inside wear off). Potential leak damage
is a dangerous issue as it is still poisonous,
while one of the strengths of the Stamp is
that it replaces the poisonous mercury thermometer. This decision can also be made in
collaboration with the local decision makers.
Materials
More materials need to be explored. Qualities of the material like absorption, heat resistance, etc. will have to be compared. There
are many high-tech materials with special
properties that might be excellent to use in
extreme conditions such as in Uganda. It is
also wise to see how these materials could be
used for local production in Uganda.
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Embody,
create value and
enable.

12. Continuation
After the end of the Asli Design project at
least two steps are following: further embodiment and value proposition test.

12.1. Embodiment
The thermometer will be further embodied by
students from the Advanced Embodiment Design course. They will look at how to fit all the
technology in the Stamp, how the 3D model
is developed most efficiently and cost-friendly and how to make it more robust, water and
sand proof, etc. Also, it is suggested to evaluate how robust a hand-powered element in
the product will be to replace the batteries so
that the product is totally toxic-free.

12.2. Value proposition test
The value proposition will be tested with 8
VHT’s and 2 Healthcare workers. 10 prototypes will be 3D printed for $30 per prototype. The test will be performed in Masindi in
collaboration with the District Health Office.
The main research questions will be:
• Does the Stamp improve the level of diagnosis?
• Do VHT’s and HC’s know how to work
with the Stamp?

Depending on the value proposition test different steps can be taken. If the value proposition test turns out negative the products
needs a fundamental re-design. If the value
proposition test is positive, the longevity test
will be performed.
Optional directions that can be performed
in parallel to the longevity test are a market
test / brand validation for the General Practitioners sale model, or a Kickstarter Campaign
for the Dutch families model. The complete
roadmap with possible directions is illustrated in the Figure 61.

12.3. Longevity test
This test has two different functions. It will
work as a pilot test for the whole of Masindi
and to test how long the Stamp can survive.
In order to test how long it can survive, a
test in a controlled environment will be organised, where it will be subject to the conditions in which it will be exposed in Africa, like
humidity, sand, water, heat, drop impact and
others. These tests will show if the Stamp can
survive in these conditions and for how long.
According to the outcome, the design might
be changed again so that it can be functional
for at least 12 months, preferably more.

The second part of the longevity test is to answer the research questions:
• Are villagers more aware of body temperature?
• Are villagers healthier?
For the whole of Masindi there are 156 VHTs
and 27 Healthcare centers; as we provide one
thermometer per team / Healthcare center
183 Stamp have to be produced. These can
be injection molded using foam molds, which
might be cheaper than 3D printing.
If the longevity test turns out positive, the
government subscription model can be implemented. From there, multiple options are
available. If the costs for the government
are too high, they can be supported through
the donating partner model. If there are no
problems with the cost and the product is
a success, expansion to other countries is a
possibility. If the brand becomes known by
villagers and pharmacies, the pay-per-use
model could be implemented.
If the longevity test turns out negative a redesign of the product in terms of robustness
is necessary. If the longevity test turns out
negative because of other reasons, a more
fundamental redesign is necessary, depending on the findings.
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Figure 62. The Roadmap of the Stamp.
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