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Abstract
Vaccines are among the most significant advances in global health and de-
velopment. Immunization is widely acknowledged as one of the most suc-
cessful and cost-effective public health interventions, saving two to three
million lives every year [24]. However, immunization programs still strug-
gle to close the immunization gap.

Related research on Cold Chain Monitoring (CCM) found a need to raise
knowledge, as countries in resource-constrained settings often are unaware
of their current CCM situation. In addition, has the recent Covid-19 pan-
demic addressed the importance of conducting correct CCM on vaccines.

This thesis and its study are the initial examinations of how DHIS2 can
support real-time temperature CCM. It examines the process of developing,
implementing, and piloting a custom Android application, called the CCM
application in the Zambezia province of Mozambique.

Today, the current CCM of vaccines in Mozambique is conducted at the
health facility level. The CCM routine consists of manually reading Cold
Chain Equipment (CCE) temperatures twice a day captured in a paper-
based form. Once a year, the form gets reported to respectively immuniza-
tion programs. DHIS2 is the leading Health Management Information Sys-
tem (HMIS) in Mozambique. Through good support from the local Health
Information Systems Program (HISP) group and other programs, DHIS2
is well established supporting program for Malaria and HIV, in addition
to educational and logistics programs. As HMISs are dependent on qual-
ity data to support decision-making, supporting a program for CCM could
strengthen the potential for aggregates combining temperature data with
related health data. In addition, unlocking DHIS2s potential to support
logistics as a Logistic Management Information System (LMIS).

The CCM application utilizes sensor-based technology to report temper-
ature data to the DHIS2 platform ecosystem to support the current CCM
and routines at health facilities in Mozambique. The application is devel-
oped through Design science research (DSR) iterations based on evaluation
and feedback through close collaboration with the HISP Oslo LMIS team
and piloting for the health facility level end-users.

Feedback through demonstrations, implementation, and piloting of the
application indicates that the CCM application is a helpful tool to include
in CCM work processes. Though the application showed promise, the pilot
proved that the application needs to be more generic before being able to
scale. In addition, there is a need to improve both current work processes
and local knowledge to improve CCM in resource-constrained settings.
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Chapter One

1 Introduction
The cost of vaccines in the developing world has increased from less than
US$1 per child in 2001 to about $28 in 2014[56]. This growth is due to an
increased number of vaccines in the immunization programs. In 1974 the
Expanded Programme on Immunization (EPI) was launched, their goal was
to deliver routine vaccinations to children. By 1991 the EPI had increased
the vaccine coverage of children younger than one year from an initial 5%
to 80%, saving millions of lives[56].

Introducing new vaccines to immunization programs increases the vac-
cine unit cost and the program’s complexity. Therefore, poor vaccine han-
dling can have significant financial consequences. One impact of intro-
ducing new vaccines is increased vaccine storage capacity, transport, and
temperature tracking. Cold chain and logistics management has always
been part of the EPI blueprint, but as programs grow, there is a need to
strengthen critical components like; cold chain, logistics management, and
a well-trained health workforce, to mention a few [56].

The global open source project District Health Information System 2
(DHIS2) has existed for two decades and is now the world’s most exten-
sive Health information system and the primary Health information sys-
tem in around 70 countries. The platform provides data warehousing, visu-
alization, and analysis features of real-time data.[26]. Some countries use
DHIS2 to manually record cold chain temperatures as part of their immu-
nization programs. In cases where DHIS2 is used for CCM today, it is still
far from fulfilling the goal of the global vaccine alliance GAVI’s goal of real-
time CCM. This thesis explores how DHIS2 can be applied to improve this
by piloting a custom CCM application in an actual use case in Zambezia
province in Mozambique.

This thesis will implement a sensor-based cold-chain monitoring appli-
cation developed with Android technology integrated with DHIS2 tracker
capture. The application runs on Android using BlueMaestro Bluetooth
temperature sensors to capture temperature data. The data gets stored in
DHIS2, where one can utilize the platform functionality. The application’s
use case is to provide real-time temperature data from CCE to monitor
vaccines, decrease waste, and ensure the desired effect of the vaccine. In
order to achieve these requirements, one key application feature is provid-
ing instant alerts if a temperature surpasses a threshold so that one can
immediately take action to remedy the situation of the vaccines. Further-
more, the application gain analytics on temperature data enabling other
decisions such as the condition and performance of CCE at a health facility
or if there is a need for improvement in Cold Chain work processes. These
features align with the GAVI Target Software Standards for Vaccine Sup-
ply Chain and answer real-world needs from Immunization programs. One
of the thesis objectives is to confirm the application’s usability and value to
incorporate it as a native feature in future software releases of the DHIS2
platform core. [9]
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1.1 Research Question
This thesis examines the different challenges and opportunities and how
CCM can be supported by the DHIS2 platform ecosystem since there is no
support for CCM in the DHIS2 core functionality. And no use of sensor-
based technology in the platform ecosystem as of today.

The research question for this thesis is:

”How can real-time cold chain temperature monitoring be sup-
ported in DHIS2.”

DSR has been applied to design, develop and pilot an artifact to address the
research question. The artifact is an Android application aiming to support
real-time CCM in the DHIS2 platform. The application uses sensor-based
technology to support temperature CCM, which acts as a gateway providing
temperature data to decision-makers through DHIS2 tracker capture.

This thesis will examine the DSR of developing and designing the appli-
cation’s functionality. Discuss the design choices made during the DSR it-
erations with an agile development approach. Lastly, address the research
question by studying the need for CCM support in DHIS2 through a pilot,
implementing the application in resource-constrained settings at health fa-
cilities in Zambezia in Mozambique.
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1.2 Thesis Structure
This thesis is structured as follows:

Chapter 2 – Background
This chapter introduces the background of this thesis, providing some con-
text by presenting the DHIS2 platform ecosystem and HISP.
Chapter 3 – Related literature
Through related literature, this chapter presents the concept of understand-
ing information systems and health information systems and their common
challenges in developing countries. Furthermore, the chapter presents re-
lated literature regarding cold chain monitoring, logistic management in-
formation systems, and digital platforms to provide a context to the appli-
cation developed in this thesis.
Chapter 4 – Methodology
This chapter presents the methodology used in this thesis – design science
research. Furthermore, the chapter presents the data collection methods
used before and during the piloting and agile software development meth-
ods used to develop the DSR artifact - the CCM application.
Chapter 5 – App development.
This chapter presents the technical environment and architecture of the
CCM application. Further, it describes the application’s dependencies like
the DHIS2 Android SDK, BlueMaestro sensors, and the tools used during
the development.
Chapter 6 – Development iterations.
This chapter presents a timeline of the development process. It then presents
each development iteration of the DSR and agile software development.
Each iteration describes critical features and evaluation feedback.
Chapter 7 – Piloting in Mozambique.
This chapter presents the pilot period in Mozambique chronologically from
start to finish. It presents the work conducted, challenges, and opportuni-
ties during the piloting.
Chapter 8 – Main application functionality
This chapter presents the current and final product of the CCM app. Fur-
thermore, it describes the application’s different activities, functionality,
and design choice.
Chapter 9 – Findings.
This chapter presents technical and socio-technical findings made during
the application’s development, implementation, and piloting.
Chapter 10 – Discussion
This chapter reviews the CCM application, Pilot, and Methods used in this
thesis. Furthermore, each topic is discussed, and their challenges and op-
portunities are presented - based on findings and related literature.
Chapter 11 – Conclusion and future work
This chapter provides a summary and conclusion of the thesis, utilizing the
findings and discussion to answer the research question. Lastly, presenting
some thoughts and suggestions for future work on the CCM application.
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Chapter Two

2 Background
This chapter’s primary purpose is to present the background of this thesis
by providing a context to the pilot, application implementation, and an un-
derstanding of the use case within its domain of logistics and health. In
addition, this chapter introduces some of the organizations and stakehold-
ers involved in this thesis.

2.1 DHIS2 and HISP
This thesis takes place in the context of the Health Information Systems
Program (HISP), based at the University of Oslo. ”In 1994, HISP was initi-
ated in post-apartheid South Africa as a part of the decentralization of the
health system to give more local control at the district level. It has become
a global movement, with HISP groups in 17 countries in Asia, Africa, and
the Americas. HISP is a sustainable and scalable research project enabling
and supporting health information systems implementation of their soft-
ware District Health Information System Two (DHIS2) in more than 100
countries [15]. The collaboration of different HISP projects has developed
the DHIS2 software - a generic open-source software system for collecting,
validating, analyzing, and presenting health information management ac-
tivities. The program’s primary goal is to ”enable and support countries to
strengthen their health systems and their capacity to govern their Health
Information Systems in a sustainable way to improve the management and
delivery of health services [1].
DHIS2 is the world’s largest HMIS platform, deployed in more than 100
countries covering approximately 2.4 billion people [1]. DHIS2 as an HMIS
provides data warehousing, visualization features, and the possibility for
data users and policymakers to generate analysis from live data in real-
time. DHIS2 is primarily designed to support integrated data warehouses
for all relevant health programs in a country. Sæbø et al. discuss that the
data warehouse approach, when applied successfully, can facilitate practi-
cal information integration across various organizational structures if rooted
at the institutional and organizational political levels. Moreover, act as an
essential mediator in negotiations between the different organizational ac-
tors [52, p. 58].
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Figure 1: DHIS2 map of implementation

DHIS2 provides various data management, analysis, and visualization
functions through built-in applications such as maps, dashboards, and pivot
tables. This network of integrated HISs typically collects data entries via
mobile applications and web-based solutions. Data are then accessible to
relevant decision-makers at national levels, health clinics, and interna-
tional donors to facilitate evidence-based decision-making.

The development of DHIS2 is a collaboration between HISP groups and
the DHIS2 ecosystem. Furthermore, HISP UiO coordinates the develop-
ment of DHIS2 and is now a professionalized software development orga-
nization [3, p.75]. HISP and DHIS2 activities have been funded through
various arrangements by stakeholders like; PEPFAR, the Global Fund,
UNICEF, GAVI, CDC, USAID, WHO, and Bill and Melinda Gates Foun-
dation. DHIS2 depends on continuous support from core funders to balance
the tension between serving those who can pay for functionality and those
who cannot [3, p. 76]. While the primary goal of HISP is to support the
health system, DHIS2s being a largely generic platform, can meet needs
within other domains such as; education, logistics, and e-government. This
generic approach brings up a tension between developing generic software
for a global need and providing functionality to answer the needs of a spe-
cific user or user group. Furthermore, the platform’s development must
prioritize whether to focus on developing features to maintain quality and
a stable core or innovation to meet the different needs that arise.

”To successfully build platform ecosystems, the focus of the plat-
form owner must shift from developing applications to providing
resources that support third-party developers in their develop-
ment work” [16, p. 174].

To cope with the tensions between stability and innovation, DHIS2 is free to
use and open-source, with its code available to be used, modified, and redis-
tributed freely. This approach allows the HISP groups and other interests
to innovate within the platform ecosystem. At the same time, the DHIS2
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development team and HISP Oslo can focus on the quality and development
of a stable core. In addition to providing platform boundary resources (BR)
that enable third-party development through tools like; APIs and SDKs.
Providing such BR, the platform owners facilitate cultivation by developing
custom apps to meet particular user needs. In addition to standards and
regulations through documentation.

Furthermore, by keeping custom applications within the ecosystem, the
platform core can adopt the functionality from the custom application if
there is an increased need. Such effort helps prevent useful functionality
developed as custom apps by local developers from being unknown beyond
the local implementation. In order to facilitate stability and growth, DHIS2
interoperates with other relevant applications such as OpenLMIS, iHRIS,
OpenMRS, and the World Health Organization (WHO)[3, p. 75]. Lastly,
an innovation platform architecture needs support from its surrounding
ecosystem to succeed. DHIS2 facilitates such support by providing addi-
tional BR like a community of practice, Jira backlog for developers, GitHub
for sharing source code, and academy training to facilitate collaboration
and innovation [51, p. 28] [3, p. 76].

Figure 2: Innovation using platform BRs [27, p. 24]
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Chapter Three

3 Related literature
As this thesis examines information systems (IS) in the health sector, it is
essential to first look at how we understand IS and specific challenges and
trends for health information systems (HIS). In addition, we will review
related literature to uncover the need and potential for CCM. Lastly, work-
ing within the DHIS2 platform ecosystem, I will present digital platform
theory and how it can support innovation and reduce complexity.

3.1 Understanding Information systems
Allan S. Lee defines information systems (IS) as

”... not the information technology alone, but the system that
emerges from the mutual transformations interactions between
the information technology and the organization.” [31, page.11].

In the context of this thesis, I work with information systems from a socio-
technical perspective. The socio part represents humans, routines and prac-
tices, rules, culture, norms, politics, and motives. The technical part rep-
resents physical structures and artifacts, hardware, software, and paper-
based tools [50, p.127]. Only looking at the technical aspect will limit one’s
ability to understand how the system works and its role in work processes,
which can affect the design of the IS. A useful concept to understand the
socio-technical nature of IS is information infrastructure (II) [21], which
has been defined as

...as a shared, open (and unbounded), heterogeneous, and evolv-
ing socio-technical system of Information Technology (IT) capa-
bilities [21, p. 4].

Central to an II understanding is the notion of the installed base (IB), which
represents everything that is present and affects the II, both existing IT
systems, organizational routines, practices, and tools. Due to the nature of
IIs, as outlined in the definition above, they are often complex. Hanseth
and Lyytinen define complexity:

”...as the dramatic increase in the number and heterogeneity
of included components, relations, and their dynamic and un-
expected interactions in IT solutions.” [21].

The concept of the II helps to understand IS and their relationship, as it
points out the importance of the IB and that evolving it could be a source of
complexity. Nevertheless, there are various ways to reduce complexity by
following design principles and rules.

3.2 Health Information systems
There are many different IS; this thesis has primarily focused on one spe-
cific kind of IS; Health Information Systems (HIS). HIS is a collective term
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for IS related to health.
HIS primary role is to collect and report health data so that decision-makers
can act on behalf of the data. Typically data collected is quantitative so that
one can make evidence-based decisions. Examples of usage of health infor-
mation would be the number of vaccinated populations over time compared
with health outcomes like; disease outbreaks and mortality. Such health
data can contribute to decisions like encouraging people to vaccinate or a
need for quality assurance like CCM in the different parts of a vaccine sup-
ply chain.
Just as there are different types of information needs within health, such
as human resources, patients, diseases, and vaccines, different types of sub
– information systems of HIS are built to manage these information needs.
Because of these different systems, HIS quickly grows in complexity. An
effect is increased fragmentation as distinct HISs get tailored to meet a
concrete demand. Fragmentation of different HISs can make it challenging
to share and aggregate data for decision-makers.
An IS that manages health data from integrated HIS is called a Health In-
formation Management System (HMIS), which is an approach to counter
HIS fragmentation. HMIS prevents fragmentation by collecting the data
from the relevant HIS via multiple integrations into a management system
so one can access different health data from the same system. Integration
can be achieved either by having the HMIS serve the different information
needs directly so that it is the source of the data generated or by interop-
erability that allows sharing of data between different data sources. This
way, decision-makers gain access to needed data for making evidence-based
decisions. One such example is logistics management information systems
(LMIS). The Systems for Improved Access to Pharmaceuticals and Services
(SIAPS) Program defines logistical management information systems as;

”an information system that is used to collect, organize, and
present logistics data gathered from all levels of the health sys-
tem.” [65, p. 3].

A well-functioning LMIS is essential for improving global health; bet-
ter integration between HMIS and LMIS could contribute to that improve-
ment. As mentioned in The Global Fund’s In-country Supply Chain Pro-
cesses: ”Reliable health and supply systems are identified by the World
Health Organization as one of the four key elements for improving access
to medicines.” [60, p. 3].
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3.3 Common Challenges with HIS in developing coun-
tries

There are various challenges related to health information systems; this
section describes some typical challenges with HIS in developing countries.
As mentioned in the sections above, HIS should constitute a network of
interconnected systems. Implementing HISs correctly and keeping them
interconnected is a complex task, especially in developing countries where
one faces infrastructural challenges and other barriers. An example could
be the lack of adequate infrastructure, like reliable electricity and low-
quality and expensive Internet access [36, p.4]. In addition, one must con-
sider that developing countries face more basic needs, like food, equality in
healthcare, and education.

Many developing countries rely on donors to expand their HISs and in-
crease national health. After a study in Malawi, Sanner and Sæbø pointed
out some challenges regarding external funding. At a health facility, only
one of four solar panels installed by different donors functioned due to fa-
cility staff not knowing whom to contact for maintenance [53, p. 41]. Being
dependent on vendors when implementing HISs can lead to vendors prior-
itizing their platforms. They might need quantitative data such as dollars
spent and several people trained to keep funding. This can challenge the
success of the implementation if the focus is not on staff training and main-
tenance. In addition, can be scenarios where the implementation is affected
by participants trying to maintain the status quo.

Furthermore, HISs implemented at a national level can scale to a posi-
tion where they are in-replaceable. The platform gets strengthened because
integration with other systems becomes complex. Nevertheless, such ven-
dor lock-in can have some upsides if provided with sufficient funding to sup-
port long-term training of human resources and practice as long as there
is a need for additional knowledge [28, p. 18]. In addition, could a vendor
lock-in lead to competition, where new specializing HIS are implemented
without thinking about long-term investment.

Another challenge when working with HISs is that decision-makers need
routine high-quality coverage data. Many developing countries face the
challenge of poor health information data quality. Decision-makers need
correct data to map the progress towards their health goals, not only com-
plete data [7]. Shamba et al. provide key findings from their EN-BIRTH
study regarding such challenges. After visiting five public hospitals, they
reported that data collecting was time-consuming and delayed because of
low staff numbers. Furthermore, they discovered that data elements were
not always standardized and were affected by staff having variable train-
ing, limited supervision, and availability of logistical resources [7]. In addi-
tion, they experienced cases where complete data was higher valued than
correct data by the collectors. Such an approach could be due to health
workers not wanting to report data that is not desirable.

Braa et al. also point out that lack of shared standards can affect the
data quality resulting in reporting duplicated data in different formats, cov-
erage data not getting reported, or collecting in-relevant data [10, p. 382].
These challenges can be rooted in the complexity of coping with the frag-
mentation of HIS, as data collectors report using different HIS with differ-
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ent standards and formats [10, p. 399].
In addition to shared standards for improving data quality and only

capturing necessary data elements, feedback from decision-makers at an
HMIS level to the data collectors is critical to improving [7]. Feedback from
the top level could provide a return on investment to the data collectors who
register and report data and their other duties. Therefore, knowledge of
these challenges is central to the success of HIS implementation, especially
in developing countries where these challenges grow with the gap between
Urban and rural areas[36].

3.4 Logistics management information system and Cold
Chain Monitoring

A Logistics management information system (LMIS) is an information sys-
tem of records and reports – whether paper-based or electronic – used to
aggregate, analyze, validate, and display data from the different levels of
the logistics system [12, p. 3]. The purpose of collecting this data is to make
logistics decisions and manage the supply chain. A well-functioning LMIS
provides decision-makers with the supply chain status like data regarding
stock on hand, losses, adjustments, consumption, demand, issues, shipment
status, and information about the cost [12].

This thesis examines a IS called Cold Chain Monitoring (CCM), a phe-
nomenon within the scope of logistics and HIS. One key element in research
regarding optimizing supply chains and LMIS is the need for better CCM,
which is defined as:

”A temperature-constrained supply chain. An ideal cold chain
is a continuous series of refrigerated production, stocking, and
supplying activities with the help of associated equipment and
logistics, which maintains the desired low-temperature limits. It
helps preserve and increase the shelf life of commodities such as
frozen foods, pharmaceutical drugs, chemicals, seafood, chemi-
cals, and fresh agricultural products.” [20, p. 141].

In the food industry, CCM is widely used, but we focus on pharmaceu-
tical products and, more specifically, vaccines in this thesis. Vaccines are
among the most significant advances in global health and development.
Immunization is widely acknowledged. However, immunization programs
still struggle to close the immunization gap [24]. Temperature damage to
vaccines is a known problem in many countries and is often due to failures
in Cold Chain Equipment (CCE). One challenge is the wide usage of ”do-
mestic fridges” as CCE. These refrigerators are cheap, available, and easily
purchased. However, they are unsafe for vaccine storage, as they do not
reliably maintain optimal temperature ranges [66]. In addition, poor tem-
perature control is also due to old CCE. Equipment older than ten years
is not recommended, as they are more likely to break down. Despite this,
some countries meet 45 percent of their CCE needs with such fridges [25,
p. 2220]. Improving cold chain systems can reduce spoiled vaccines due to
poor temperature control, nonfunctional cold chain equipment, poor stock
delivery, and vaccine stock-outs. In addition, improvements would support
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national immunization programs to reach their goal of equity in immuniza-
tion.

CCM of vaccines is about protecting patient safety. Because one can-
not see or smell if a vaccine has been frozen and has lost its potency (or
might even be harmful), CCM could reduce the challenge of proving the
vaccine’s quality and potency [4]. It can be applied to multiple use cases,
from monitoring temperatures throughout the whole supply chain of dis-
tributing vaccines to this thesis use case; CCM within the last link of the
supply chain - storing vaccines at a health facility. This thesis focuses on
CCM as an ongoing process regarding the storage of vaccines. By moni-
toring vaccine temperatures, one can trust the quality of the product and
reduce the usage of spoiled products. CCM can also prevent spoiled prod-
ucts by providing alerts of intermittent Fridge failure.

The importance of a well-structured, functioning CCM gets highlighted
by Privett and Gonsalves in their article ”The top ten global health supply
chain issues.” The article addresses cold chain issues like insufficient tem-
perature readings in storage units or cold rooms. Their study found that
temperature readings ”are often measured, but not always well monitored
and frequently lack temperature history charts” [49]. In addition, they ad-
dress the issue of periodic monitoring in subsequent supply chain stages.
They report work processes ”where temperatures are recorded two times
per day. Such periodic monitoring is insufficient and makes cold chain pro-
cedures difficult to control.” [49]. For CCM to improve Global Health, it
needs to fit the existing II with a socio-technical perspective. It includes
demands on infrastructure like power supply, internet connectivity, and
sufficient integration with the other IS. Existing CCM solutions are often
expensive and can include significant changes and large installations to the
installed base.

In another study of LMIS architectures for public health supply chain
management in developing countries, Sæbø et al. [6] describes the current
landscape as ”patchworks.” They discovered fragmented and heterogeneous
systems covering LMIS functionality through a field study in two countries.
They address the need for relevant information during all steps of the sup-
ply chain and the importance of data standards and integration between
systems. They state that the fragmented and loosely coupled architecture
was expected but also, to a certain degree, beneficial. Efficient integration
between the systems would benefit the various levels, and the flexibility of
the LMIS [6].

Often countries are unaware of the risks of an insufficient cold chain un-
til studies prove the degree of exposure occurring during the transport and
storage of vaccines. Ashok et al. found that up to two-thirds of vaccines
were damaged by freeze exposure in the cold chain between vaccination
storage and administration sites across ten States in India. In addition, a
study in eastern Nigeria found that 42% of yellow fever vaccines available
in the private sector had been compromised by freeze damage [25]. They
conclude their study with evidence showing that many countries struggle
to maintain required storage temperatures. They found that malfunctions
were expected at the facility level and that CCE was not functioning cor-
rectly. In addition, they found a mean of 29% of the facilities they visited
to have CCE exposing vaccines to freeze, and that 9–20% of CCE at the
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facilities maintain sub-zero conditions for longer than 24 hours and cases
where the temperature was above the threshold of 2 - 8 degrees for more
than five days. Lastly, this shows that facility levels are struggling to detect
and resolve temperature excursions [25].

3.5 Digital platform theory
In the previous section on understanding IS, the importance of taking the
socio-technical perspective and the IB into consideration were discussed
as this could reduce complexity. In addition, introducing digital platform
architecture is relevant as it is a way of reducing complexity. Further-
more, since this thesis examine how we can extend the open-source plat-
form DHIS2 to support a HIS like CCM, it is helpful to understand how
digital platforms can support such innovation to understand why some IS
fail and some succeed during the development.

According to Bonina et al., ”Digital platforms share three basic char-
acteristics: they are technologically mediated, enable interaction between
user groups and allow those user groups to carry out defined tasks” [14].

Digital platforms are divided into two main platform categories; inno-
vation and transaction platforms. Transaction platforms are characterized
by facilitating transactions between platform users. An example of such a
transaction platform is Uber, where the platform connects the driver with
the passengers.

On the other hand, innovation platforms act as foundations upon which
others can build complimentary products, services, or technologies [14, p.
54]. In this way, the technical architecture of an innovation platform con-
tains modules, or building blocks, as accessible, innovative capabilities [14].
Introducing a new IS will always have a socio-technical impact on the in-
stalled base, leading to fragmentation and increased complexity. Due to
its layered architecture, platforms minimize this fragmentation and reduce
the complexity of introducing new IS to the platform.

A platform consists of a generic stable ”core,” providing functionality
and interfaces through modules allowing third parties to develop comple-
mentary components. These components, often called third-party apps [61],
are loosely coupled to the platform core, making it integrated but not a part
of the core. This makes the platform resilient and maintainable by keep-
ing dependencies to a minimum so that one third-party defect app does not
affect others.

Android is an example of an innovation platform. The Android core pro-
vides functionality to its end-user; it allows for downloading standalone ap-
plications made by others while not affecting the core functionality. Through
the principle of loose coupling to the core and boundary resources (BR) like
Android studio, Google Play Store, and knowledge BR as API documen-
tation [16]. The Android platform supports innovation by allowing experi-
mentation and developers to build on top of the core’s stable set of resources.
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Figure from [14] Overview of innovation platform functional architec-
ture

Figure 3: Platform Structure

Although digital platforms reduce complexity and fragmentation, there
are some challenges with platforms. Developing third-party applications
for Innovation platforms requires a set of skills to contribute. There are
also some network effects involved, meaning that every additional user of
a platform or app makes it more valuable to every other existing user. One
challenge is that developers do not want to contribute to platforms with
a small user group, and end-users do not want to use a platform with a
good set of applications [61, p. 33]. Another challenge that will always be
present in innovation platforms is how it will maintain applications devel-
oped for the platform. As chapter two mentions, the platform core devel-
opment team should focus on developing a stable core and provide BR to
facilitate innovation from third parties [16, p.177]. Moreover, sometimes,
consuming third-party applications can bring different dependencies to the
platform, challenging who is responsible for maintenance. In addition, ”the
challenge of managing the delicate balance between app developers’ auton-
omy to innovate freely and ensuring that apps seamlessly interoperate with
the platform” is referred to as the ”Seesaw problem” [61, p. 42].

Platforms are also challenged by their ecosystem, the socio-technical set-
ting, different stakeholders, and politics. Bonina et al. present the ”dark
side” of platforms concerning three different areas of interest; ”These con-
cern the surveillance of citizens with a resultant loss of freedoms and dis-
crimination, the concentration of power and the concomitant imposition of
practices and standards, and the negative impact of platforms on the labor
force” [14]. One concern they address is the power of accumulating large
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datasets affecting the democratic process, as demonstrated by the Cam-
bridge Analytica scandal [14].

Chapter four

4 Methodology
This chapter presents the research methodology used in this thesis; design
science research. Furthermore, the chapter presents the data collection
methods used during the field study and the software development process.
Lastly, I reflect on the use of these methods and how they affect the devel-
opment of the artifact.

4.1 Choice of research methodology
My study aims to examine how CCM can be implemented in DHIS2. There-
fore, choosing an appropriate methodology to design the application and
the pilot is essential for the development and implementation of the study.
Choosing the correct methods when implementing the pilots is essential, as
pilots quickly can end after the piloting period if nobody is responsible for
iterating the artifact.

In choosing the proper methodology for this thesis, the different meth-
ods of Engaged Scholarship were of interest; as stated, ”In Engaged Schol-
arship, researchers collaborate with practitioners in addressing problems
relevant to a real-world problem situation and scientific knowledge” [33].
Initially, Action Design Research (ADR) was intended as it ”aims at build-
ing innovative IT artifacts in an organizational context and learning from
the intervention while addressing a problematic situation” [55, p.38]. ADR
requires an introduction of artifacts into organizational practice and em-
phasizes iterative design on the artifact. The iterative design includes eval-
uating and redesigning the artifact according to the organizational context.
Including the HISP group in the different iterations by multiple visits could
give them ownership and increase the possibility of further developing the
artifact.

However, the pilot was postponed several times due to many uncertain-
ties regarding the covid-19 pandemic. Because of the delays, I kept devel-
oping the artifact in Oslo, resulting in the custom cold chain application.
Because of the uncertainties regarding my pilot, I changed my methodol-
ogy to design science research (DSR). Peffers et al. argue that DSR can
be done without introducing the artifact for use by the organization and
that evaluations could be done with stakeholders familiar with the organi-
zational context [45]. Focusing on the artifact itself helped to continue the
software development. Knowing I could develop an artifact that could be
evaluated by stakeholders familiar with the organizational context worked
as a backup for my thesis if the pilot never were to be conducted.
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4.2 Design science research
DSR focuses on developing and designing artifacts [22]. In the iterative
process of designing the artifact, the evaluation must be grounded in the-
ory, and empirical data collections [18, p. 340]. Hevner et al. also point
out that ”Design science, as the other side of the IS research cycle, creates
and evaluates IT artifacts intended to solve identified organizational prob-
lems” [22, p. 77]. Figure 3 illustrates the artifact iteration during the DSR
process.

Figure 4: Design Science Research Model [44, p. 58]

In addition to designing and evaluating the artifact over iterations, there
are two different strategies for conducting DSR [23]. The first strategy is
that the researcher develops a general IT artifact addressing a class of prob-
lems. After the development, the researcher can introduce the artifact to
an organization.

The second strategy, as Iivari states;

“a researcher attempts to solve a client’s specific problem by
building a concrete IT artifact in that specific context and dis-
tills from that experience prescriptive knowledge to be packaged
into a general solution concept to address a class of problem”[23].

The first strategy was fitting due to the possibility of working on the ar-
tifact without including stakeholders. Nevertheless, following strategy one
- the artifact was tested in a different context than the developing context
in Norway. Even if one aims to create a generic artifact, it had to be tested
in a context and with an infrastructure that you typically see in countries
that use DHIS2. Therefore the second strategy emerged, partly due to the
uncertain future of the pilot. The second strategy was fitting to meet the
goal of this thesis because the pilot is specific to its context and could prove
the need for generalization with findings addressing a class of problems
within the DHIS2 platform ecosystem.
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4.3 Data collection methods
This section presents the different data collection methods used in this the-
sis before and during my field study in Mozambique. I attended regular
meetings in person and online before my trip with the HIPS Oslo LMIS
team. The collaboration provided knowledge about the context I was con-
tributing. It also helped when creating an effective plan before conducting
the field study. Lethbridge et al. suggest a set of field study techniques
divided into three main categories to choose the most suited data collection
methods. I have taken inspiration from the first degree, where I am in di-
rect contact with the participants, and the second degree, where I observe
the work without needing to communicate directly to the participants [32].
Hence I am studying events and activities in a natural context. I have also
taken inspiration from ”The art of case study” to define the scope of the
data collection. Stake suggests observation and interviews as data collec-
tion methods since data from a case study should be qualitative [58]. Table
1 gives an overview of the data collection methods used throughout this
master thesis.

Method Description Outcome

Participation in
meetings

Online video calls and
psychical meetings

with HISP Oslo LMIS
team and HISP

Mozambique

Domain knowledge,
insight regarding
CCM, application

evaluation, and pilot
planning.

Interview Individual
semi-structured

interviews during
field study

Qualitative data,
insight into the

current state of CCM,
work processes, and

challenges.

Observation Multiple observations
of health facility

workers during field
study

observation of current
work processes, and
comparing data from

the interviews.

Demo Multiple
demonstrations of the

application to
different stakeholders
before and during the

pilot

Feedback on usability,
observing how users

navigate the
application, and
training facility

workers.

Table 1: Data collection methods.
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4.3.1 Interviews
Interviews can be considered a ”conversation with a purpose” [47, p. 233],
conducting interviews allows for collecting qualitative data by asking a set
of questions regarding a topic. The interviewees get the opportunity to give
a detailed response and go in-depth about the topic. In general, there are
three different kinds of interviews; Unstructured-, semi-structured-, and
structured-interviews.[30, p. 179][47, p. 233-235]

Type Description

Unstructured interviews Exploratory and open questions
act as an in-depth conversation

about a topic.

Structured interview Asking predetermined
standardized questions to all
participants, often short and

closed.

Semi-structured-interview Combining features from the
interview types above, the

interview guide can contain both
open and closed questions with the

possibility of probing questions.

Table 2: Main interview types.
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One of the pros of interviews is their ability to go into detail, they can be
exploratory, and although one has a set of questions, the interview can be
flexible. Compared to other data collecting methods, one con of conducting
interviews is that they are time-consuming. Interviews require the prepa-
ration of questions in advance and the work related to the collected data,
as it has to be transcribed, coded, and analyzed.

The interview was a natural choice when choosing data collection meth-
ods for my research, as interviews efficiently provide contextual insight
when done right. During my field study, semi-structured interviews were
performed when collecting data from health facility workers. The first
round of interviews was conducted during the pilot by visiting three fa-
cilities. The interview type was semi-structured as this offered more flex-
ibility and less formality regarding the interview guide. The interviews
lasted up to an hour, I had some fundamental questions, but the opportu-
nity to improvise relevant interview questions from the surroundings was
an advantage. The degree of informality also led to health facility workers
being more relaxed and not only providing the answers we wanted to hear.
The informal approach also led to findings we could not foresee because of
the health facilities’ work processes and challenges. After the initial inter-
views, we performed another round of semi-structured interviews at all the
facilities to examine the status quo after using the application. These in-
terviews lasted approximately a half hour. Lastly, at the end of the pilot,
we conducted another round of semi-structured interviews lasting approx-
imately a half-hour to gain feedback on the application and the pilot from
the health facility workers. During all interviews, I took notes by hand as
this was more flexible than recording the interview, and I used the time
between facilities visits to complete and analyze the notes.

4.3.2 Meetings
A collaboration between HISP-group Oslo and Mozambique identified the
necessity of implementing CCM to DHIS2. Due to the covid-19 outbreak,
digital meetings have been a big part of gathering data for my research.
I tried to understand the global need for better CCM by attending regu-
lar meetings of varying lengths over six months. These meetings acted as
an unstructured form of interviews. The meetings were open conversations
with domain experts where I asked domain-specific questions and noted rel-
evant data. The qualitative data from the meetings was sufficient enough
so that I did not need to conduct a formal semi-structured interview, as I
could instead ask during a meeting. During the application development in
Oslo, I meet with the Mozambique HISP group three times before the pilot,
planning our collaboration. Furthermore, during the pilot, we had addi-
tional meetings, planning the pilot’s execution and the application’s future.

During the pilot, I had two meetings with The Provincial Directorates
of Health (DPS) Quelimane for a half-hour each, explaining and demoing
the solution to get permission to pilot the application at the health facil-
ities. Digital and physical meetings have been an essential part of data
collection. Nevertheless, attending meetings not being an official qualita-
tive data collection methodology, the close follow-up and enrollment in the
HISP-Oslo LMIS team have provided crucial contextual insight. Besides
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their understanding of CCM and the different use-cases, attending regu-
lar meetings provided a feedback loop on the application. Being alone in
the software development process, feedback, and evaluation from the LMIS
group was essential for meeting the requirements. In addition, evaluation
during meetings also helped develop an application closer to the global ap-
plication requirements from vendors like WHO and Gavi, making the pilot
more likely to succeed - and be adopted by the DHIS2 platform core.

4.3.3 Observation
Observations were another widely used data collection methodology during
this thesis and the field study. Since I did not speak the language and was
dependent on an interpreter, observation helped to see the correspondence
in the data from the interviews and what the practice was.

”Observation is a useful data-gathering technique during product de-
velopment” [47, p. 252]. During this thesis, observation has been used
to collect qualitative data in evaluation with the HISP-Oslo LMIS team
during application development in Oslo. Furthermore, I conducted direct
observation in the field during facility visits. These observations acted as
a form of usability testing of the application and training of health work-
ers with different degrees of participation. The observations at the facility
visits were often conducted simultaneously or after an interview. Lastly,
we observed during a polio campaign where the application was used to
collect temperature data from vaccine carriers. The table below shows the
different observations done during the pilot.

Type Observation
variation

Description

Naturalistic
observations

Observing excising
work processes

Observing the
excising work

processes regarding
CCM and vaccination.

Participant
observations

Observing application
usage

Observing health
facility workers
capturing and

uploading data using
the CCM application.

Naturalistic
observations

Observing campaign
work and data

reporting

Observing how they
performed a

campaign and
reported temperature

data with the
application to DHIS2.

Table 3: Pilot observations.
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The naturalistic observations of health facility workers conducting their
work tasks helped map their actual needs and the challenges that indi-
rectly influence their work processes. Challenges like poor infrastructure,
overcapacity, challenges with vaccination freezer, and internet connectivity
were identified.

The second type of observation conducted was participant observations,
which allowed for interaction with the health facility workers. This was
used to participate with guidance, control, and training of health facility
workers in using the custom application. Such observation was practical
when unexpected incidents accrued - like technical bugs or data not being
reported. Observing facility workers’ application usage made it easier to
identify the root problem and conclude if the application design was poor or
human error. Participating also provided an opportunity to correct the in-
cident and prevent similar cases, for example, by fixing a code or providing
additional training.

Figure 5: Fixing technical bug and giving additional training.

Lastly, I conducted participant observations by monitoring data uploaded
to the DHIS2 platform. Observing this helped identify technical bugs, in-
frastructural challenges, challenges of implementing a digital tool in excis-
ing work processes, and the need for additional training in the application
usage. As the pilot covered multiple health facilities, monitoring their up-
load rate was a way of controlling the implementation. This observation
is categorized as participatory because we contacted the health facility and
asked why they did not upload data.
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4.3.4 Demo
Demonstrating the artifact in this thesis has been an essential part of get-
ting feedback on the artifact. During the thesis, I held demons of the arti-
fact digitally and physically for various stakeholders as this was a unique
opportunity to demonstrate the product’s value. I demoed the application
during this thesis at regular meetings with the LMIS team. In addition,
to HISP Mozambique before the pilot and to the DPS and the health facil-
ities during the pilot. The different demos have provided the thesis with
qualitative data regarding usability, application features, and future work.

In the early stages, getting feedback by demonstrating the application
to the LMIS team was beneficial. Because of their domain knowledge about
CCM, requirement overview from stakeholders such as WHO, and refer-
ences from other similar solutions. As part of the LMIS team, the frequent
DSR iterations were a way to continuously demo the artifact’s progress.
The demos provided feedback and ideas on design and functionality.

After the artifact represented a minimum viable product for a pilot, I
made a video demonstration of the application. The video was valuable
for promoting the application’s functionality and design to stakeholders.
Distributing the video was also helpful in getting feedback on functionality,
design, and new features. The video was also helpful in closing a pilot as
its stakeholders could see the artifact features.

During the pilot in Mozambique, the video and live demos of the ap-
plication were helpful as proof of concept. Proving that the application
functioned properly by demoing to DPS was also crucial to accessing the
different health facilities. The feedback from the demos held in Mozam-
bique provided qualitative data from stakeholders understanding the envi-
ronment of the application and the end-users. The demoing acted as a form
of evaluation and usability testing. Although I did not collect metrics, I re-
ceived verbal feedback for changes. I observed the health facility worker
use the application during implementation and training in the field. Ob-
serving led to metrics like how long and many clicks it took before a user
completed the flow. Nevertheless, the metrics were not noted as they would
create an uncomfortable situation for the test subject.

Lastly, demonstrating the application was used for training health fa-
cility workers in the application usage. There was a need to train both
Mozambique HISP implementers and DPS members so that they could
demo the application to health facility workers because of the language
barrier. In addition, training DPS and HISP implementors is a long-term
benefit as they provide maintenance and DHIS2 training.

4.4 Agile Software Development
There are many different processes and frameworks in software develop-
ment; strict linear sequential frameworks like the waterfall model, typ-
ically used in big companies, focus on time and cost optimization. The
opposite approach of such linear development processes is agile software
development methods.

In 2001 The Manifesto for Agile Software Development presented values
and twelve principles adding value to software development frameworks
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Figure 6: HISP employee demonstrating the app to health facility workers.

like Scrum, Kanban, and agile hybrids. These frameworks fit in small and
big projects with multiple developers, practicing autonomous teams merg-
ing increments of a product in ongoing iterations.

Being alone in the development process, following an agile approach
would make it easier to welcome changing requirements, even late in de-
velopment. Principles number ten in the Agile manifesto state.

“simplicity—the art of maximizing the amount of work not done—is
essential ”[48].

Not having other developers collaborate with over-engineering and per-
fecting the artifact is a common pitfall. By following the principle of sim-
plicity, rapid prototyping made prioritizing parts of the application efficient.
It became clear what was essential and which parts could be downgraded.

Rapid prototyping is an iterative approach to quickly improving design
and functionality by iterating on a prototype. In the article Rapid prototyp-
ing: lessons learned Gordon and Bieman discuss the pros and cons of rapid
prototyping; they state that.

“selecting an appropriate development approach is crucial to build-
ing a successful software system ”[17].

Rapid prototyping became the iterations of this thesis DSR by continu-
ously designing different low- and high-fidelity prototypes of the software
functionality and design. Low-fidelity prototypes typically represent non-
functional prototypes on paper and wire-frames. These prototypes are then
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Minimum viable product (MVP)
A prototype as a proof of concept
A low-risk investment
Short development time

Table 4: Characteristics of an MVP

evaluated and make up the starting point for high-fidelity prototypes, which
are functional prototypes that often solve tasks.

The main goal of rapid prototyping in the iterations was to have a min-
imum viable product (MVP) eventually. An MVP is a version of an end-
product with just enough functionality and features to give a perspective
of the end-product. The concept of an MVP comes from the Lean Startup
method, which combines agile and lean methodology, with lean empathiz-
ing producing just the right amount [59]. Table 3 displays the main benefits
of an MVP.
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Hence the MVP should be usable by early users, who can then test and pro-
vide feedback for future development. As the agile manifesto states, ”Work-
ing software is the primary measure of progress” [48]. The combination of
rapid prototyping and MVP kept productivity and motivation during the
development. The MVP became the measure of progress, and it prevented
me from spending time fixing bugs and adding unnecessary functions.

Figure 7: The iterations of building an MVP.

4.5 Reflections
Because of the uncertainty of the pilot being conducted, the choice of method-
ology was not textbook. Nevertheless, DSR was an appropriate research
method because it focused on the artifact’s design. Agile software devel-
opment method rapid prototyping was ideal with the iterations to deter-
mine which functionality should be continued. Focusing on the develop-
ment resulted in a minimal viable product (MVP) being sufficient for pilot-
ing. There were also some challenges conducting agile software develop-
ment alone, as I did not have anybody following up during the iterations.
In addition, it was challenging to be strict enough not to be stuck perfecting
tasks - as keeping momentum was essential to finish in time for the pilot.

Attending regular meetings with the LMIS team provided me with eval-
uations of the application. The evaluation was based on the LMIS team’s
knowledge and empirical data when iterating on the artifact. Combined
with the rapid prototyping, a continuous feedback loop on the artifact was
established. One downside of regularly presenting the work to the LMIS
team was the impression that development time was faster than it was.
Therefore, expectation management became important when presenting
the work to clarify that some feature was ”work in progress.” Moreover,
I did not perform in-depth semi- or structured interviews before the pilot.
As more extended interviews could have provided me with more in-depth
data, I chose that the data collected during meetings was sufficient based
on plenty of domain-specific information. Nevertheless, one challenge has
been taking notes during meetings and keeping the data collected from
meetings organized, resulting in additional time to review the data.

The data collection methods during the pilot created a relaxed environ-
ment for the interviewing objects, resulting in a good relationship between
the HISP group, DPS, researcher, and facility workers. The semi-structured
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interviews made it easy to make follow-up questions, for instance, regard-
ing what we discovered in the room. One challenge in conducting an in-
terview was taking notes without giving the impression that we were su-
pervising. Since I depended on an interpreter to conduct interviews and
demos, giving the HISP group training and more responsibility for the so-
lution was natural, which resulted in efficient interviewing and training of
health workers. Having a relaxed environment and being exploratory lead
to opportunities like being invited to participate in a polio campaign.

Data analysis
Because of the uncertainty of the pilot, the data gathering was conducted in
the last stages of the thesis. This led to a lack of time to transcribe and code
the data gathered during the pilot. Therefore, I have not performed a for-
mal form of data analysis like a grounded theory. Nevertheless, I argue that
some analysis was conducted during the pilot. Because of the interviews,
I was analyzing trough-out the process of collecting data by comparing the
answers from the different facilities. In addition, traveling by car between
facilities, I used the time to group the data from my interview notes and
comparisons data between the facilities. In addition, I kept a diary of all
findings done during different visits to identify needs at different levels.
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Chapter Six

5 App Development
This chapter presents the development process of the CCM app and the
resources and tools used during the software development.

5.1 Developing with DHIS2
The leading actor in this thesis is DHIS2, and the application is developed
intended for use in the DHIS2 platform ecosystem. As chapter two intro-
duces, DHIS2 is an open-source innovation platform, meaning third parties
can innovation platform using core DHIS2 features. DHIS2 is a Java-based
web application that runs on multiple platforms and is compatible with
all major web browsers. Through their Application Programming Interface
(API), DHIS2 conduct representational state transfer (REST) by providing
endpoints that expose data stored in the systems databases, running on
PostgreSQL, MySQL, and H2 DHIS2 [3, p.75]. DHIS2 offers various web-
based REST-APIs, allowing users to upload and download data from their
servers. They also provide an Android SDK as a native solution, exposing
the same features as the web API but within an Android environment. The
Android SDK is also designed to support DHIS2 core features without an
internet connection. In addition, DHIS2 provides documentation on how to
use the core functionalities through their REST API’s and Android SDK.

Furthermore, they have regular academy training regarding these de-
velopment tools - to facilitate innovation and sharing of boundary resources
within the ecosystem. The CCM application uses two main features from
the DHIS2 platform ecosystem facilitating the development, which shall be
explained in detail. The first feature is the DHIS2 Android Software De-
velopment Kit (SDK), and the second is the DHIS2 Tracker Capture Web
Application.

5.1.1 DHIS2 Android SDK
The DHIS2 Android SDK facilitates the development of custom Android
apps using DHIS2 as a platform. As a platform BR, it aims to help indepen-
dent app developers build custom ad-hoc apps by providing them with stan-
dardized tools, and functionalities [5]. The SDK contains a local database
representing the DHIS2 data model; this allows synchronizing with the
server fetching Java objects instead of calling multiple APIs. The SDK gives
a significant advantage as the application can synchronize with the servers,
capture data without internet access, then upload the data when connected
[5].
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API SDK

Purpose Connect and
integrate software

Contains a verity of
development tools

Characteristics Lightweight, fast and
contextual specific

More robust, usually
including many

utilities

Use case Used to add specific
features to an

application

Used to make a new
application, adding

many features using
one package

Table 5: Difference between API and SDK [54]

5.1.2 Tracker Capture
The CCM application connects to the DHIS2 core and the Tracker Capture
application by utilizing the Android SDK. Tracker is a generic web applica-
tion focusing on individual-level (or case-based) transactional data. It sup-
ports data collection, case monitoring, and follow-up, as well as analyzing
and automatic aggregation for HMIS dashboards and reporting [63]. The
cold chain application captures temperatures and stores them as events on
a tracked entity instance (TEI) - representing a sensor. The tracker app
can then use the temperature data to aggregate graphs and reporting, for
instance, regarding deice outbreaks and vaccine quality.
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Figure 8: Tracker capture with temperature data

5.2 Blue Maestro temperature sensors
Blue Maestro is a tech company providing hardware in the form of differ-
ent Bluetooth temperature sensors and software to manage the sensors.
This thesis utilizes Blue Maestros Tempo Disc™ Temperature Sensor Log-
ger, as these Temperature loggers fulfill the requirements regarding User-
programmable temperature data loggers from the World Health Organiza-
tion [46].

The BlueMaestro sensors monitors and log data values like; tempera-
ture, humidity, dew point, and pressure. They continuously transmit the
current value and store 20,000 data points for downloading. The sensors
are small and have a replaceable battery with a lifetime of approximately
one year in regular use. Most of the devices are also water-resistant, and
some are waterproof.

BlueMaestro was the sensor of choice in this thesis because they fulfill
WHO performance standards within the operating temperature range of
+55°C and -30°C. Having an accuracy of ±0.5°C or better within the range
-20°C to +20°C for a minimum of 12 months. One sensor is relatively cheap
compared to other CCE, and the only maintenance required is changing the
battery.

These sensors are also used by the company mSupply and are approved
by WHO for providing temperature monitoring devices [11]. To get such
approval, organizations need to fulfill the requirements of a working cold
chain application in addition to sensor technology. By connecting the DHIS2
core with the Blue Maestro sensor, the application developed in this thesis
is a possible solution for getting such WHO Approval.
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Figure 9: Blue Maestro Tempo Disc™ Temperature Sensor Logger

5.3 Architecture
In this section, I will introduce the system’s architecture and application,
introducing the different models and the design pattern used in the de-
velopment process. The system architecture represents all software and
hardware involved in the entire solution of the HIS, and the application ar-
chitecture represents the architectural choice in developing the application.

5.3.1 System Architecture
The system architecture of the custom cold chain monitoring application is
represented in figure 6, presenting the system components, behavior, and
flow of data.

The application system architecture consists of several components, both
software, and hardware. The first component and a critical part of the sys-
tem architecture is the BlueMaestro temperature sensors. These hardware
components capture temperature data at intervals and advertise it to the
Android application through Bluetooth Low Energy (BLE). The component
that acts as the link between the sensor and the DHIS2 platform is the
CCM Android application, making it possible to upload temperature data
from the sensors to DHIS2 servers. The CCM application is the compo-
nent that provides a user interface for the data capture end-user, showing
temperatures and providing additional functionality.

The application’s main functionality is capturing and uploading temper-
ature data to DHIS2 servers. Through the login functionality, it is compat-
ible with connecting to different DHIS2 instances. After data reaches the
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Figure 10: System Architecture

DHIS2 server, the last component in the system architecture is the tracker
capture application. The web solution provides a user interface and makes
it possible to visualize, aggregate, and administrate captured temperature
data for decision-makers. All these components combined are what I have
called the system architecture, as they depend on each outer for the solu-
tion to function. This system architecture digitalis a manual work CCM
process being conducted in real-life context today. In addition, it provides
the DHIS2 platform with a new data element, temperature data.
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5.3.2 Application Architecture
The Android application developed acts as a link-layer between the temper-
ature sensors and DHIS2 and is an essential part of the system architec-
ture. The application consists of different DHIS2 modules making integra-
tion possible through their Android SDK. The other parts of the application
are modules explicitly developed for Android Bluetooth communication and
databases for storing temperature data with and without an internet con-
nection. Figure 7 illustrates the relationship between the different modules
in the application. Since the application is a custom standalone Android

Figure 11: Application Architecture

application, its architecture has taken a monolithic structure. It is built as
a single unit, consisting of all the modules the applications need to func-
tion. The opposite would be a microservice architecture, allowing an exten-
sive application to be separated into smaller independent modules. These
modules have their responsibility and are fully functional without the other
modules. Moreover, in this project, microservices would not be sufficient as
the application relies on all its modules and services to run in order to func-
tion. In addition, the application size is manageable. Nevertheless, if the
application scales to a more generic system, the monolithic architecture
should still be the fitting architectural choice. Table 4 presents the main
characteristics of monolithic application architecture and its usage in our
case.
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Characteristics Our case

A database Consisting of two separate databases with
tables structures in a relational manner.

A client-side user interface An Android Application with multiple
dynamic activities.

A server-side interface Consisting of the DHIS2 Android SDK
and Bluetooth communication developed
in Java. Populating the client-side user
interface by retrieve and updating data

from the database.

Table 6: Monolithic application architecture.

In addition to making a monolithic architecture choice, efforts have been
made to follow a software design pattern during development. Software de-
sign patterns are structuring methods that can help build a well-structured
application. Since the application is developed with the object-oriented
language Java, the development process strived to follow the Model-View-
Controller (MVC) software design pattern, which is widely used in Java
development. The MVC design pattern structures the software into three
main objects, the first object in the pattern being the Model. The Model
contains application data; its primary function is storing and exposing the
application data. In order to provide this main functionality, the structure
of the Model is typically a database with helper functions to get, add, and
delete data.

The next object of the MVC pattern is the View. The View’s primary
function is to present the data provided by the Model to the end-user. The
View can only read the Model data, not manipulate it. This is often done by
UI components that take the data from the Model and dynamically render
it as a component. An example is the text component displaying tempera-
ture values in the CCM application. This component shows empty values
before the application gets temperature data from the sensor. When the
application gets data from the Model, the View components update and dy-
namically display the temperature data.

Lastly, the final object in the MVP pattern is the Controller object. The
Controller object’s primary function is to conduct logic operations. The data
from the Model object goes through the Controller object. The Controller
acts as the link-layer between the View and the Model. The Controller
listens to events triggered by the View and executes the appropriate action
to these events. An example of such events can be a button click in the View;
the button click then triggers an event in the Controller calling a function
in the Model. Lastly, the Controller returns the Model result to the View.
Since the View and the Model are connected through the Controller, the
result of the button click is then automatically reflected in the View. Figure
12 illustrates the relationship between the Model-View-Controller objects

38



of the MVC design pattern.

Figure 12: Model-View-Controller design pattern

Because of the application size and its custom standalone solution, com-
bining a monolithic architecture with the MVC pattern helped reduce com-
plexity by developing in a controlled environment. The focus was on making
things work within the app, not connecting multiple back-ends and differ-
ent endpoints. Nevertheless, the choice of a monolithic architecture ap-
proach could be a disadvantage as the application scales. A monolithic ar-
chitecture struggles to facilitate integrations with other systems. However,
because the application is developed as a third-party application based on
the DHIS2 core, I argued that it is being monolithic is an advantage. Merg-
ing it to the platform core is less complex than an architecture based on a
network of multiple microservices.
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Figure 13: Monolithic application ar-
chitecture

Figure 14: Platform consummation

5.4 Bluetooth communication
As mentioned, is Bluetooth communication an essential part of the system
architecture. This section introduces the Bluetooth technology used in this
thesis and the essential parts of developing an application with Bluetooth
Low Energy (BLE). Lastly, it goes in-depth on how the BLE communication
in the application is built.

5.4.1 BLE devices
The BlueMaestro sensors are known as BLE devices, and the applications
use the Bluetooth technology known as BLE to communicate with them.
BLE is not confused with the ”classic” Bluetooth radio.

The Bluetooth Classic radio (BCR) is a low-power radio that streams
over 79 channels in the 2.4GHz unlicensed band. Supporting point-to-
point device communication, BCR is mainly used to enable wireless au-
dio streaming and has become the standard radio protocol behind wireless
speakers and headphones. The BCR also allows data transfer applications
such as mobile printing and much more [8].

The BLE radio uses low-power operations. Transmitting data over 40
channels in the 2.4GHz unlicensed ISM frequency band, the Bluetooth LE
radio provides developers more flexibility in building products. Bluetooth
LE supports multiple communication nodes, expanding from point-to-point
to broadcast and, most recently, mesh, enabling Bluetooth technology to
support the creation of reliable, large-scale BLE device networks. While
initially known for its device communications capabilities, Bluetooth LE is
also widely used as a device positioning technology to address the increas-

40



ing demand for high-accuracy indoor location services. Initially support-
ing simple presence and proximity capabilities, Bluetooth LE now supports
Bluetooth® Direction Finding and, soon, high-accuracy distance measure-
ment [8].

Figure 15: Bluetooth protocols

In addition, after the Bluetooth 4.0 specification, devices can implement ei-
ther or both BLE and BCR systems. The Bluetooth BLE protocol intends to
provide considerably reduced power consumption and cost while maintain-
ing a similar communication range as the BCR. Due to these advantages,
mobile and computer operating systems such as IOS, Android, Mac, Linux,
and Windows10 support BLE. Several chip producers, including Nordic
Semiconductor and Silicon Labs, introduced BLE-optimized chipsets. A
study by beacon software company Aislelabs reported that peripherals such
as proximity beacons usually function for 1–2 years powered by a 1,000mAh
coin cell battery [39]. This long-lasting battery life is possible because of the
power efficiency of the BLE protocol, which only transmits small packets
compared to BCR [39].
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Figure 16: BlueMaestro BLE device configuration

5.4.2 BLE GATT service
GATT is an acronym for the Generic Attribute Profile. It defines how two
Bluetooth Low Energy devices transfer data back and forth using services
and Characteristics. Moreover, it uses a generic data protocol called the At-
tribute Protocol (ATT), which stores Services, Characteristics, and related
data in a simple lookup table using 16-bit UUIDs for each entry in the table.
Characteristics distinguish themselves via a pre-defined 16-bit UUID. For
example, identifying the BlueMaestro temperature sensors characteristic
is mandatory for the GATT Service and uses a UUID of 0x2A6E [64].

The GATT protocol comes into play once a dedicated connection is es-
tablished between two devices, meaning that the device has already gone
through the advertising and scanning process by identifying the different
BLE devices. An essential point to remember with GATT and connections
is that connections are exclusive. Only one BLE device can be connected to
one central device, in this case, an Android device at a time.

The reason for this functionality is to provide asynchronous BLE com-
munication. As soon as a BLE device connects to an Android device, it will
stop advertising itself. In addition, other devices will no longer be able to
see or subscribe to the BLE device before the existing connection is broken.
Moreover, as mentioned, BLE technology support mesh networks of BLE
devices. Nevertheless, establishing a connection through GATT is the only
way to allow two-way communication, where the Android device can send
meaningful data to the BLE device and vice versa. Furthermore, commu-
nication can be achieved through characteristics, as they can write data
through characteristics to the BLE device.

5.4.3 Nordic Semiconductor UART Service
To achieve the read-write communication between the android- and BLE
device from the GATT characteristics, one must implement a Universal
asynchronous receiver-transmitter (UART) interface to send commands back
and forth. In this thesis, the UART protocol needed two characteristics to
function, one for the TX channel and one for the RX channel.

The TX channel (0x0002) is used to send data back to the sensor. By
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allowing read access, the TX channel can write commands to the BLE de-
vice by the connected Android device. The RX (0x0003) characteristic sends
data out to the connected Android device. In this case, the BLE device can
send data to the Android device every time a command is sent through the
TX channel.

Figure 17: GATT and UART interaction
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5.5 Development tools
This section introduces some of the essential tools that have been used dur-
ing the development process of the application.

Tools Description
Git A version control system.

Characterized by being
distributed and not folder

hierarchy-based.
GitHub Web application utilizing

Git to deliver distributed
version control, source

code management,
hosting, and more.

Documentation BlueMaestro and DHIS2
SDK documentation

Nordic Semiconductor’s
nRF toolbox

Applications
demonstrating different
BLE technology usage.

Android studio and DHIS2
Skeleton App

Integrated development
environment for android,
and DHIS2 application

template.

Table 7: Development tools.

5.5.1 Git
The development process of the application consisted of implementing pieces
of code that worked separately to keep up the productivity. Furthermore,
to keep track of these different pieces of code, there was a need for version
control and a tool merging the different pieces of code into a working appli-
cation. Using Git as a version control system was natural, both based on
experiences from earlier projects and because DHIS2 has its open-source
code on GitHub.

Git is a version control tool suitable for large and smaller code bases.
Git makes sharing, editing, merging, and re-basing code to a functional
version possible. These operations can be done through a terminal interface
or through one of Git’s web solutions, GitHub, where others can inspect,
contribute, and download the code if it is open-source.

During the piloting of the application, Git was an essential tool as it
functions locally without an internet connection. Using Git locally made it
possible to keep track of different versions of the application, as different
branches and changes were made to meet the health facility’s needs. If
the application is re-iterated, the code can easily be shared with the DHIS2
development team and other interests in the DHIS2 ecosystem through Git.
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5.5.2 Documentation
During the development process, additional documentation has been essen-
tial for the progress. The BlueMaestro documentation was a vital knowl-
edge boundary resource in the application development, providing access
to all the different commands essential for communicating with the sensors
over the UART protocol. In addition, it explains the sensor technology and
exposes the UUID of the Nordic UART Service used in the sensors.

In addition, the BlueMaestro SDK also functioned as a form for doc-
umentation. Despite being deprecated and non-functional, the code was
written in Java - the same language as the CCM application. Reading and
examining the code gave an idea of how one could connect to their sensors.
The deprecated code acted as a guide to options in the official Android doc-
umentation, which was developed to replace the deprecated code.

Lastly, the DHIS2 Android SDK documentation has been a good knowl-
edge boundary resource for developing in the DHIS2 ecosystem. The docu-
mentation provides an overview of extracting data and sending queries to
their SDK. In addition, it describes how to work with the tracker capture
app and configure a tracker program within a DHIS2 instance.
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5.5.3 Nordic Semiconductor’s nRF applications
The sensor technology and Bluetooth communication have been the most
crucial part of the application to fulfill the CCM requirements. As men-
tioned, the chipset inside the blue maestro sensor is a Nordic Semiconduc-
tor’s nRF52832. The nRF52832 is a general-purpose multiprotocol System
on Chip (SoC). It provides advanced BLE features, protocol concurrency, a
set of peripherals, and features like the UART protocol. The chip also offers
both Flash and RAM [43].

During the development, I discovered the Nordic semiconductor’s differ-
ent free-to-use applications to test their products. During the development
the Nordic semiconductors’ nRF-logger, -Connect, and -Toolbox applications
were used to communicate through the UART protocol [42] [41]. These tools
provided the opportunity to get familiar with the response from the sensors
at given commands.

5.5.4 Android studio and DHIS2 Skeleton App
Hence, the application development is in the Android environment; the IDE
Android Studio has been an essential tool in the development process. It
has been helpful for programming the application, debugging, and sharing
APK-files. The Android studio emulators let developers compile the code on
a computer partition to emulate an Android device. Since the application
utilizes Bluetooth testing, the application had to be done with an external
cable on an Android device, as one cannot use the computer Bluetooth radio
on the emulator.

An additional boundary resource in this development process was the
DHIS2 Skeleton App. The Skeleton App is an Android template provided
on DHIS2 Android team GitHub. Forking the Skeleton App gives access
to a functioning application and pre-built features like login functionality
and synchronizing with a tracker program. Utilizing this template as a
start point for the application saved a lot of configuration time to set up an
Android environment after the DHIS2 documentation. The Skeleton App
also provided some reusable components and design standards like colors
and fonts that could be reused to give the feeling that this was a DHIS2
application.
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6 Development iterations
This chapter presents the development iterations during the DSR and ap-
plication development. There are five iterations utilizing a combination of
DSR and agile software development - rapid prototyping. The different it-
erations and their goals are based on requirements from the HISP LMIS
team; this section describes the primary goal, changes, and how the itera-
tions were conducted. The figure below represents the application develop-
ment timeline, each iteration, and its progress.

Figure 18: Development iteration timeline.
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6.1 First iteration
Introduction
The artifact from the first iteration was developed in Oslo, starting in early
2020. The development was conducted in iterations with the DHIS2 An-
droid Skeleton application as the starting point. The development was
based on the requirements provided by the HISP Oslo LMIS team based
on the WHO and GAVI requirements on CCM. Since the application had to
be developed within the DHIS2 and Android environment, it led to a more
high-fidelity prototype in the first iteration. The main goal for the first it-
eration was to get access to the DHIS2 tracker capture tool through the
Android application. Lastly, the iteration was finished by evaluating with
HISP Oslo and based the next iteration on the evaluation feedback. The list
below presents the essential development tasks done during this iteration.

Iteration development

• Attending DHIS2 Android Academy.

• Forking Android Skeleton App.

• Configuring Tracker program on LMIS test instance.

• Uploading real temperature data from JSON.

Development
To reach the primary goal of the iteration, I attended the DHIS2 Android
academy. This taught me how the API was structured and how to develop
applications in the DHIS2 platform ecosystem. At the academy, we used
the Android Skeleton application, which became the application’s starting
point. After forking the application, the LMIS team provided a DHIS2 test
instance. The next step in the iteration was configuring a tracker capture
program. This was so that I could programmatically upload temperature
events to tracked entity instances (TEI).

Furthermore, after the first iteration, it was possible to log into the An-
droid application with the test instance and synchronize it with the tracker
program. The LMIS team provided a CSV file containing actual temper-
ature readings. The application then iterated the CSV file and uploaded
temperature events to the tracker program. At the end of the iteration, I de-
moed the application to the LMIS team and gathered feedback and system
demands. The first iteration’s primary goal was to complete the connec-
tivity between the android application and the DHIS2 platform was met.
However, the feedback from the LMIS team stresses that the next intuitive
step was making a Bluetooth connection with the Blue Maestro sensors.
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Figure 19: DHIS2 upload-button Figure 20: CSV-files with tempera-
ture data
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6.2 Second iteration
Introduction
After the first iteration’s evaluation, the second iteration’s goal was clear -
making a Bluetooth connection. Furthermore, despite the precise goal, the
second iteration was the most extended and demanding of the development
iterations. Since the LMIS team already chose the Bluetooth sensors, the
scope was narrowed in choosing technologies. During the iteration, we met
with the BlueMaestro founders regarding sensor specifications, API, and
their open-source SDK. The list below presents the essential development
tasks done during this iteration.

Iteration development

• Developing multiple applications with different Bluetooth technology.

• Testing with nRF toolbox application.

• Developing an GATT service and UART communication layer.

• Making an MVP of the application.

Development
This iteration was all about making a Bluetooth connection. Before pur-
chasing sensors for this project, we meet with the BlueMaestro team. After
the meeting, they informed me about their open-source SDK written in the
same technology I used. Nevertheless, the Blue Maestro SDK was depre-
cated and had not been maintained since 2017.

After researching alternative solutions to the BlueMaestro SDK, I de-
veloped a scanner application that allowed a mobile device to scan and pair
with devices. Working with Bluetooth requires testing on an actual android
device to enable Bluetooth. There were multiple resources on Bluetooth de-
velopment. However, I struggled to communicate with the BlueMaestro
sensors. After some weeks of trying different solutions to solve the prob-
lem, looking at examples from other vendors. I learned about the difference
between Bluetooth Classic and Bluetooth Low Energy (BLE) and that the
UART Protocol was specific for the chipset.

I then discovered the nRF toolbox application from Nordic semiconduc-
tors, making it possible to see the sensor details. The last part of the it-
eration was then used to refactor the application to use the GATT-service
model and send commands with the UART protocol to the BlueMaestro sen-
sors - resulting in a callback with temperature data.

After one month of intensive development, I finally met the iteration
goal. After evaluation with the LMIS team, the application was now an
MVP, and the opportunities for piloting were addressed. The feedback from
the evaluation was that the applications had to have an alarm system and
an automatic connection that retrieved data from several sensors and sent
it to DHIS2.
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6.3 The third iteration
Introduction
Hence the most critical functionality was developed in the last iteration;
this iteration’s primary goal was to merge the code from the first and sec-
ond iterations into one functioning application. As this did not include as
much development, it is a very time-consuming job, and inaccuracies create
bugs and make the whole application crash. In addition, there was a focus
on making a fitting graphical user interface (GUI) for the application end-
users. The list below presents the essential development tasks done during
this iteration.

Iteration development

• Merging first and second iteration into one application.

• Multiple applications with different Bluetooth technology.

• Sending data from BlueMaestro sensor to DHIS2 tracker.

• Making a GUI.

Development
The application made in the first iteration communicated with the DHIS2
tracker. The second iteration communicated with the BlueMaestro sensors
to capture temperature data. After a week of development, these two it-
erations were merged into one functioning application, sending data from
the sensor to the DHIS2 tracker. The rest of the iteration period was spent
on developing a GUI. Since I forked the DHIS2 skeleton application, I tried
to re-use as many components from the DHIS2 standard as; buttons, list
items, icons, and colors.

This iteration resulted in an MVP closer to the final product after eval-
uation with the LMIS team. This iteration did not meet their requirements
regarding alerts and automatically fetching temperatures. Therefore, these
requirements for additional functionality had to be given higher priority in
the next iteration.
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Figure 21: Sensor device list Figure 22: Sensor details
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6.4 The fourth iteration
Introduction
The opportunity to pilot the applications was more significant than before,
and we were now looking for possible partners. Due to this, the main goal of
these iterations was to implement the alarm, optimally an SMS that would
notify various stakeholders about critical temperature levels at a facility.
The evaluation from the two previous iterations became the starting point
for what should be prioritized in this iterations. The list below presents the
essential development tasks done during this iteration.

Iteration development

• Storing data in a relational database.

• Making a local notification.

• Providing export of backup data.

Development
The first thing I focused on was implementing a local relational database.
To create the alarm system, I had to store data to check if there were cases
of critical temperature levels.

By storing temperature readings in a database, the application could
store data even if the application does not have an internet-connected con-
nection. After researching alarm API-based SMS solutions like Twilio, I
concluded that SMS notification was out of the scope of an MVP being pi-
loted, as this was a paid service. Therefore, the alarm system was down-
graded to proof of concept in the form of a local notification triggering when
the temperature reached a specified temperature threshold.

Since I had more time in this iteration due to a smaller implementation
of the alert notifications, I developed additional functionality for aggregat-
ing a graph of temperature readings stored in the database. Implementing
a local database also made it possible to implement a function exporting
the database as a .csv file. The last part of the iteration was making GUI
enhancements. The iteration ended with the LMIS team concluding that
the development could end as the MVP was ready to be piloted.
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Figure 23: Finalized MVP
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6.5 The fifth iteration:
Introduction
This iteration was not a planned iteration but a product of discovery when
I made a video demo of the application. After additional unit testing, I re-
alized the application did not work as intended without an internet connec-
tion. At the time, the LMIS team communicated with HISP Mozambique
regarding piloting the application. The error was detected when I logged
out for the first time and tried to log in again without an internet connec-
tion. The DHIS2 Android SDK needs internet for logging in and synchro-
nizing with DHIS2. Therefore, I had to refactor the app so one could use the
main functionality, login, and synchronize when connected to the internet.
The list below presents the essential development tasks done during this
iteration.

Iteration development

• Implementing a second database.

• Refactoring DHIS2 login state.

• Refactoring to check internet connectivity in all stages of using DHIS2
SDK.

Development
Therefore I had to do significant refactoring concerning checking for inter-
net connectivity at every step using the DHIS Android SDK. In addition, I
had to make two separate login states where the application worked as in-
tended with and without internet connectivity. To handle the data collected
in offline mode, I stored this in a separate database. The reason for this was
that if the internet access were unstable, data would be downloaded into
separate databases when switching between connected and disconnected
sate - which would prevent data from being mixed or lost. Having separate
databases was necessary because the data from the offline database was
then used to create events when one had internet access automatically. Af-
ter the events are uploaded to DHIS2, the offline database sanitized itself,
so that old data is not uploaded several times. After solving these issues, I
finally had an MVP ready to be piloted.

55



Chapter seven

7 Piloting in Mozambique
This chapter describes the pilot in Mozambique. The first part of the pilot
was spent testing the application’s stability and use-ability and conducting
another development iteration. The second part was a field study, examin-
ing existing workflow regarding CCM and piloting the application at health
facilities in the Zambezia province.

7.1 Context
Mozambique is located in the south-east of Africa with a population of 32.90
million people. The Portuguese colonized the country of Mozambique in
1505. In 1975 the first president of Mozambique, Samora Machel, liberated
the country. One of the country’s highest incomes is agriculture. Regard-
ing health the estimated lifetime from birth in Mozambique is 60.8 years
compared to 82.9 in Norway [34] [35]. In addition the median age of people
in Mozambique are 17.6 years compared to 39.8 years in Norway [38] [40].
Mozambique is the second most country with HIV/AIDS cases in Africa. An-
other big threat to the country’s health is malaria [38], despite medication
Malaria is fatal or can cause long-term health complications. In addition,
polio is still a disease that one struggles to eradicate, even though it has
been eradicated in large parts of the world.

Mozambique offers public and private health options, but most can-
not afford private health care. Public health is divided into the national,
province, district, and health facilities levels. In this thesis, the health fa-
cilities level is where the pilot will be conducted and the data gathered.
A health facility acts as a small hospital in more rural locations. The facil-
ity conducts urgent healthcare, vaccination, weighing children, registration
and treatment of malaria, and more. The facility-level are the once collects
most of the health data, both digital and in paper format.

DHIS2 is the major HMIS in Mozambique, and this benefits decision-
making since the collected data is stored in one place. One example of usage
of DHIS2 in Mozambique is the malaria program with the newly integrated
iMISS. They use tablets, and facility workers input malaria cases directly
into the DHIS2 using digital forms. In the case of CCM, the forms are
paper-based, and the data never get reported to DHIS2.
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Figure 24: Current CCM in Mozambique

7.2 First week in Maputo
On the first day of the pilot, I met with the Mozambique HISP group at
their office, and they introduced me to the development-, implementation-
team, and the administration. The next day I presented a live demo of the
application for the HISP group. After the demo, we discussed the pilot.
The HISP group wanted the application to be more generic and made some
application demands. There was also a request to make a custom web-based
dashboard so that one can share data with users that did not have access
to DHIS2. These demands lead to an additional development iteration,
with the goal of a more generic application running on the Mozambique
government server, translated to Portuguese.

On the third day, we visited the ministry of health to update their DHIS2
servers. There was no routine for updating the government servers, but the
HISP group wanted to make this a yearly routine. After the server update,
we meet with a representative from DPS Quelimane to discuss the pilot
in Zambezia. We discussed that the pilot would run on four facilities with
various infrastructures, providing four Android devices.

The following days were spent in meetings planning the pilot. I was
assigned a team of two HISP implementors to travel with me to Quelimane.
After an additional demo for the team and management, we discussed the
future of the application. They want to be ahead of the process to easier
adapt after the pilot and my time in Mozambique. In addition, the pilot
needed approval from The Ministry of Health, and having a vision of the
future could help get the approval.

The solution includes both hardware and software to function. In order
to implement and conduct the pilot at a facility, there is a need for tem-
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perature sensors, android devices, and SIM-Cards with mobile data for the
application to function. Because of these requirements, the only thing miss-
ing for it to be production-ready is a stable and generic application version.

When conducting the pilot, in addition to introducing new technologies,
will the pilot impact the facility workers’ daily work process. Therefore, it is
essential to maintain the standard procedure and the new work process the
technology introduces so that the reporting to the immunization program
does not stop during the pilot.

If this research and pilot discover the need for such technology, there
is a possibility that the application could be a way for DHIS2 to support
temperature CCM.

7.2.1 The sixth development iteration:
Introduction
This additional development iteration accrued based on the needs presented
by the HISP group. There was a need to use the server of the Mozambique
government. In addition, there was a need to refactor the app so that a
health facility could have more than one TEIs to upload data to - some-
thing I had not tested during development in Oslo. Moreover, there was a
need to translate the entire application into Portuguese.

Iteration development

• Refactored to Mozambique government DHIS2 server.

• Implementing the possibility of uploading to multiple TEI in an Org
unit.

• Refactoring the entire application to Portuguese.

Development
Although this iteration was a bit unexpected, it makes sense to refactor
the applications to adapt to the environment in which they will be piloted.
The first week we already had updated the DHIS2 government servers at
the ministry of health. When logging in with the new server credentials,
the applications stopped working, and access was not granted. After some
troubleshooting, I contacted a representative from the Android SDK DHIS2
team. After some guidance, it turned out that I was using an old DHIS2
SDK version. The application worked as intended after updating the SDK
to the latest version.

The next step in the development iteration was to change the applica-
tions so that it could upload temperature data from different sensors to
multiple TEIs at an organization unit. The final solution was tailored to
the pilot, but due to little time for improvement, it was impossible to cre-
ate this generic functionality. The problem was solved by using the mac
address of the sensors so that one sensor represented one TEI. Lastly, the
application was translated using Google translate and help from the DHIS
implementer team.
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Figure 25: Translated device list Figure 26: Translated and modified
device view
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7.3 Week two - piloting in Quelimane
After the first week of planning and conducting an additional development
iteration, the application was ready to be piloted. The pilot took place in
Quelimane city in the Zambezia province for over 14 days. The goal was to
implement the application at four health facilities, gathering temperature
data and qualitative data regarding the existing CCM processes and their
need for CCM. The CCM Application would run on a Lenovo tablet with a
sim-card providing mobile data so that health facility workers could upload
temperature readings directly to DHIS2. To prevent temperature data from
ending in the wrong TEI, each health facility had a different application
version to match their organization unit in DHIS2.

In order to implement the application and access the health facility, we
had to get permission from DPS Quelimane. DPS is the statistics depart-
ment in charge of the district level. In collaboration with representatives
from the Saudigitus team, we held a live demo of the application to the
head of DPS and the head of statistics. They raised some concerns about
android devices and sensors being damaged or theft. Nevertheless, the visit
was a success, and we were granted access to the pilot at the facilities we
requested. In addition, they wanted to implement the solution right away
at 174 of the 276 health facilities in the province of Zambezia.

Visiting facility A
The next day, two representatives from DPS, Saudigitus and I, visited three
of the facilities. The first facility, let us call it facility A, was the largest and
most central of the health facilities in the pilot. The facility manager was
informed about our visit, and we connected with the health facility worker
responsible for the CCM. Facility A had two CCE fridges, one of the type
TCW80 and the other a ”domestic fridge.”

After inspecting their CCE, we demoed the application to the health fa-
cility workers. We explained the use case and how the application could
prevent giving spoiled vaccines to patients and demonstrated that temper-
ature data from the sensors was sent directly to DHIS2. The facility worker
in charge of the vaccines immediately stated that they did not need the ap-
plication because they already had a digital thermostat built into the fridge.

After the demo at facility A, we had a semi-structured interview with
the health facility worker responsible for the CCM regarding their current
work procedures. They report the temperature on a piece of paper twice a
day, the first reading in the morning and the second reading in the evening
before going home. The paper repented for a year which was reported to
the immunization program at the end of the year. After reading tempera-
tures in the morning, the vaccines estimated to be used that day were taken
outside the vaccination station in a vaccine carrier. Most of the time, the
vaccine carrier had an ice pack to keep vaccines at the correct temperature,
but they did not have a thermostat, and if there were any vaccines left after
vaccination, they were put back into the CCE fridge.

In this process, there is no way of telling the current temperature in the
vaccine carrier, and the readings in the morning and evening did not reflect
the temperature of the vaccines that had been taken out. In addition, there
was no routine to track which vaccines had been out of the CCE multiple
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times or which vaccines were getting expired.

Visiting facility C
The next facility we visited that day was the rural facility farthest from the
city. Because of the ongoing cyclone, which had ravaged since February, we
could not reach the facility by car - so we had to walk the last part. Walking
to the facility, we saw the outcome of the cyclone. The houses were empty,
people had evacuated, and the streets filled with water.

Facility C was smaller than facility A and mainly used paper forms to
capture data, as they were unfamiliar with digital devices. After demon-
strating the application, the interest was more optimistic than at facility
A.

We healed the same interview to identify existing work procedures at
this facility. They reported the same procedure as facility A regarding tem-
perature CCM, and they had one fridge of the type TCW80. One difference
in the CCM from facility A was that facility C vaccination station was in-
side, right next to the fridge. Nevertheless, they followed the same process
of taking out the estimated daily need into a vaccine carrier instead of tak-
ing out bulks of vaccines based on demand from the fridge.

Visiting facility B
On the way back to the city, we visited facility B. It was a medium-sized
facility compared with the others. They had two fridges, one of the type
TCW80-AC and the main fridge a Dometic MK304. They also conducted
the same work process as the other facilities. After the demo, they had
a positive attitude towards the pilot and saw an opportunity of using the
application in their work during vaccination at rural locations.

When they travel with vaccines to rural locations, they also bring vac-
cine carriers with ice packs to keep the vaccines at the correct temperature.
Nevertheless, they do not have a routine of bringing a thermostat to the
vaccine carriers.

The ice for the vaccine carriers is produced in their Dometic fridge. As
the intention to produce ice is to keep vaccines at a low temperature when
traveling, the result is that all the vaccines stored in that fridge are stored
below zero degrees - destroying all the vaccines.

Such as other facilities, facility B reported that they never had any cases
of spoiled vaccines or had thrown vaccines because of power outages or
other issues.
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Figure 27: Pilot health facilities

Challenges during the second week
Before leaving Maputo, there were some issues with the Lenovo tablets
provided. Since we could not find new devices in a week, I tried to fix the
problem during the pilot. The Lenovo tablet ran on Android version 9, with
Bluetooth version 4.2. The recommended Android version from the DHIS2
SDK team is Android 10. In addition, BlueMaestro sensors support the
newest Bluetooth version, 5.0, which is twice as fast as 4.2.

Another challenge during the second week was the ongoing cyclone. It
had destroyed the bridge to the neighboring city where the last health facil-
ity was located. We, therefore, had to adapt the pilot by excluding the last
health facility.

7.4 Last week piloting in Quelimane
In the last week of the pilot, we took the same route when visiting the fa-
cilities. Because of the issues with the Lenovo tablets, we had to adjust the
pilot to using health workers’ devices and our own. More data were gath-
ered regarding existing work processes, fixing technical bugs, and asking
about their experience in using the application.

Facility A
Facility A got a Lenovo tablet with a purple Bluemaestro sensor, which
worked to some extent. The purple sensor transmitted temperature data
faster than the red BlueMaestro sensors. The application only captured the
current temperature with this setup, and all other functionality worked as
intended.

On the second reporting day, facility A had some problems with the ap-
plication. After fixing the bug and reinstalling the application on Lenovo,
we asked if they would download it on their personal devices. The facil-
ity workers agreed and preferred it. Utilizing the facility workers’ device
eliminated all technical issues regarding the application.
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During the troubleshooting, we conducted a test by placing a sensor in
the vaccine carrier during vaccination. The temperature showed 1.3 de-
grees Celsius inside the vaccine carrier, and the temperature outside in the
shadow was 36 degrees Celsius. After one hour, the temperature increased
by 0.6 degrees Celsius to 1.9 degrees.

We conducted the test in the morning, two hours after the vaccines were
taken out of the fridge. This tells us that the environment in the vaccine
carrier initially was too cold, as the ideal threshold is between 2-8 degrees
Celsius.

Facility B
Implementing the application at facility B, we provided health facility work-
ers with my personal Android device, as this facility was most engaged in
participating in the pilot. The Android device ran on android 10 with Blue-
tooth 5.0 and was the device the CCM application was tested on during
development in Oslo. When providing the health facility worker with the
device, he had to use another device as they already had four different An-
droid devices.

After some days, they faced the same issues with the application. Fa-
cility workers reported that the application sometimes shuts down when
trying to upload to the DHIS2 server. This was due to the DHIS2 servers
timing out because of the unstable internet connection at the facility. After
fixing the bug, we stressed the importance of not stopping to capture the
temperature so they could upload temperatures when connected. In addi-
tion, could the readings sent to DHIS2 be compared with the CVS export
from the local database to see if some temperature readings got lost.
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Figure 28: One of the pilot health facilities

Facility C
Revisiting health facility C, we ran out of working devices and depended on
health workers downloading the application on their personal devices. As
facility B reported, health workers ta facility C also preferred to use their
personal devices. The facility worker at facility C ran the application on
an android ten without any problems. We then trained the facility workers
once more to assure that they knew the application well enough. Before
leaving, they requested more sensors for vaccination at rural locations, just
like facilities A and B requested.
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Figure 29: Common vaccination station

Polio campaign
A polio campaign took place in the last week of our time in Quelimane. The
campaign goal was to vaccinate children in a particular age group against
polio, and vaccination was done by going door to door and visiting rural
locations.

Facility A invited us to participate in the campaign using the applica-
tion to conduct CCM. As we went from house to house, after vaccination,
the children got their pinkie fingers dipped in ink as a confirmation. In
addition, the health facility workers wrote a code on the wall representing
the data and how many children were vaccinated in that household.

The vaccination team we observed worked within a radius of 2 kilome-
ters from health facility A. They explained that the initiative for the cam-
paign was due to the problem that people did not take the time to go to the
nearest facility to get their children vaccinated. However, there were also
vaccination teams covering rural areas way further from a health facility
that relays on the campaigns and vaccination visits to get vaccinated.

During the campaign, health facility workers used the application to
capture temperature from vaccine carriers. After the campaign, we got
feedback from the health workers that they saw the potential of the ap-
plication and wanted more sensors to be able to use the application when
vaccinating in rural locations.
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Figure 30: Attending a Polio campaign.
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Challenges
During the last week of the pilot period, we had the opportunity to research
the application in use at health facilities and attend a polio campaign. Dur-
ing this period, we had to adapt several times, as we faced some challenges
and discovered different findings that will be discussed in the findings chap-
ter.

One major challenge we faced during the piloting was the internet con-
nectivity, as this was hard to test in advance of the pilot. There were dif-
ferent telecom vendors, mainly Movitel and Vodacom, and the stability and
connection strength varied. This made some issues regarding the uploading
of temperature data.

Another infrastructure challenge at the health facilities was that all the
different thermostats showed different temperatures. The old non-digital
thermostats were inaccurate, and the digital thermostats were often out of
battery. In addition, the built-in digital thermostats on the TCW 80 AC
always show a different temperature than the BlueMaestro sensor, creat-
ing confusion about which temperature measurement one should rely upon.
Furthermore, a challenge when informing health facilities workers that the
temperature was non-optimal as all thermostats were showing different
temperatures. In addition, this led to another challenge from a research
point of view where it was difficult to observe during the pilot without giv-
ing the impression that we were supervising.

7.5 Last week - finishing the pilot
During the last time in Quelimane, we collected additional data regarding
the health facility workers’ experience being a part of the pilot and using
the application. In addition, we collected my Android device from facility B
and uploaded the application to the health facility worker responsible for
CCM.

After traveling back to Maputo, the finding and work from the pilot were
presented to the Saudigitus team. We then further discussed the future for
the application, if Saudigitus should take over the maintenance, and fur-
ther development of making the application generic enough to scale. Alter-
natively, if the application should be implemented as a part of the DHIS2
core, developed and maintained by the Android DHIS development team.
To be rolled out in other parts of Mozambique and neighboring countries.

To prevent multiple DHIS2 stakeholders from working on the same so-
lution, we decided that the DHIS Android development team should take
the solution to make it more generic - as they were looking for a dedicated
LMIS developer to take over the project.
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Chapter eight

8 Main Application functionality
The following chapter presents the artifact, the custom CCM applications,
and its functionality. Furthermore, the application’s different components,
how they function, and their design choices are discussed.

8.0.1 Login
When opening the application, the first activity the user is granted is the
login activity. This activity lets the end-user login into a DHIS2 instance.
The activity greets the user with a DHIS2 splash page before presenting
a login form. In order to authenticate, the DHIS2 instance has to be ac-
tive. The user then authenticates by passing in the URL of the DHIS2
instance, username, and password. The authentication functionality then
checks user credentials against the DHIS2 instance server. This authen-
tication is necessary for the DHIS2 SDK to access the different programs
related to the instance so that the SDK can get access and synchronize the
data and metadata related to the program. Accessing the right program is
also necessary for the application to be able to upload temperature data as
events in a tracked entity instance.

Figure 31: Login view
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8.0.2 Main view
After being granted access to the application by login into a DHIS2 in-
stance, the user gets presented with the application’s main view. The main
view functionality is to give an overview of the different sensors available
in the range of the Android device by scanning for BLE devices. The first
time using the application, the main view asks for application permissions,
like location and Bluetooth. Providing the location is essential for scanning
after BLE devices. Furthermore, the android device must have Bluetooth
turned on to scan and communicate with BLE devices.

After the user grants permissions to location and Bluetooth, the applica-
tion scans for BLE devices and continuously displays them in a list view as
they are discovered. The items in the list view represent a BLE device and
display the device name and MAC address for each blue maestro sensor.
This design choice was taken so that the application users can differentiate
between multiple sensors by matching the list item and the MAC address
on the backside of the sensors. Furthermore, if the user is out of range and
no devices are found, a scan button in the top right corner makes the ap-
plication re-scan for BLE devices. In addition, in the top left corner, there
is a menu with the functionality of clearing the locally stored program data
and logging out of the DHIS2 instance.

In addition to displaying the different BLE devices as items in a list
view, the application makes a temporary connection with this sensor using
the GATT service by selecting one of the items. It then automatically sends
commands through the UART protocol to get relevant temperature data
from the sensor. At the same time, the main view sends the user to an
activity that displays the response from the selected BLE device to the user.

The other important part of the main view is downloading and synchro-
nizing data from the DHIS2 instance through the SDK. This step must be
done before collecting data from the sensors for the application to access a
program, organization unit, and TEI. Downloading and synchronizing data
does not have to be done every time, as the data gets stored locally on the
device. After the applications are synchronized and temperature data cap-
tured, An event gets stored on a TEI and locally stored in the database.
Lastly, after storing the collected temperature data, the main view allows
uploading the changes to the DHIS2 instance. This is done by uploading
the TEI stored locally in the device with its respectively new temperature
events to the correct organization unit in the tracker program.
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Figure 32: Main application view

Figure 33: Bluetooth device list

Figure 34: Synchronizing metadata Figure 35: Synchronizing data
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8.0.3 BLE device view
When a user selects a BLE device from the scanner list in the main view,
the android device makes a temporary connection to the selected BLE de-
vice. As mentioned, the application subscribes to the selected sensor via the
GATT service, making communication possible through the UART protocol.
Furthermore, the application sends the user to an activity for that specific
sensor - the BLE device view.

The first function in the BLE device view sends UART commands to the
sensor. The command sent from the application to the sensors works as a
callback function. The application asks the sensor for data; if it gets the
command, it returns the relevant data. If the command is not recognized
or valid, the sensor returns an error status code. The following function
in the BLE device view takes the sensor response and pares it from a 16-
bit array to string values. Lastly, the UI gets populated with the sensor
responses like; various temperature readings and other relevant informa-
tion, including the sensor’s battery level and name. If the sensor returns
an error status code, the command function will keep looping for some time,
asking for temperature data before it stops.

The BLE device view also provides additional functionality in display-
ing the values from the BlueMaestro sensors. The activity’s most important
button is the upload button. If the sensor has returned temperature data,
pressing the upload button captures temperature data readings and stores
them in a local SQL-lite database. Such a temperature reading consists of
the sensor’s name, timestamp, the current temperature, last 24-hour aver-
age, last 24-hour minimum, and 24-hour maximum temperature.

The local database plays an essential role in the application’s functional-
ity. The temperature readings stored in the local database are used to make
events that get stored on a TEI. These TEI gets stored locally in the applica-
tion and can be uploaded to DHIS2 tracker capture through the main view
when the Android device has an internet connection. If the Android device
has an internet connection, these events are automatically made and ready
to be uploaded to DHIS2 tracker capture through the upload button in the
main view.
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Figure 36: Before connection Figure 37: After connection

8.0.4 Additional functionality
The data stored in the local database are in addition to making events used
for providing different types of helpful additional functionality to the appli-
cation.

One such additional functionality is the line graph displayed in the BLE
device view, representing the historical temperature captured from the ap-
plication. The graph displays the number of measurements taken and
the current temperatures when the measurement was uploaded, making
a visual representation of the database content. In addition, it efficiently
presents the CCM status over time to those who manage and collect tem-
perature readings locally on the Android device. This is helpful as CCM
workers do not need access to DHIS2, and managers do not need to check
DHIS2’s tracker capture to see aggregated data readings.
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Figure 38: Additional functionality

In addition, do the BLE device view provide an application requirement in
the necessary alarm notification functionality. The application users can
set a temperature alarm threshold for the selected sensor by pressing the
device settings button. The alarm notification then uses the provided max-
imum and minimum temperature to check against the current tempera-
ture. Suppose the temperature data collected from the sensor rises above
the maximum temperature or below the minimum temperature. In that
case, a local notification is displayed on the Android device that the tem-
perature is too high or low. The alarm functionality works individually on
each device. From this thesis scope - the alarm functionality is a work in
progress as it is much work to fulfill the application alarm requirements.
The alarm functionality intends to alert health facility workers when they
need to correct the CCM situations. Providing a minimum and maximum
threshold gives application users flexibility when the alarm should be set
off so that one can act before temperature levels are critical.
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Figure 39: Alert notification
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During the application development, there was a need to expose the database
to have control of its content while developing - this need resulted in the
display button. Pressing the display button, the entire database contents
is displayed inside a modal. It displays all the information stored in the
database table. This was useful for testing purposes, for instance, to check
the database readings with the line graph.

Figure 40: Display DB
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In addition, to display the entire database, there was a need for having the
possibility to clear the entire database. From a test point of view, this was
useful to further test the application after applying changes. Initially, I
thought that the functionality of displaying and deleting the local database
was useful for users. Clearing the database functionality could be helpful
if routine workers only want to work with relevant data for a specific pe-
riod. In addition, routine workers can adopt clearing the database into their
work process to prevent the local database from overflowing. For instance,
clearing the database after a batch of temperatures is uploaded to DHIS2.

Later in the development process, I decided to remove the options for
end-users to display and delete the local database to constrain the end-
users and hopefully remove the possibility of other user errors. The modal
view displaying the database became challenging to read as the database
grew. Therefore, exporting the local database as a CSV file was developed.
When the user presses export, the database table gets formatted into a CSV
file. When the formatting is done, the file gets downloaded locally on the
android device. After the download, a success notification is displayed on
the device. By pressing the notification, the user gets redirected to the file
destination of the Android device where the CSV file is stored.
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Figure 41: Download Figure 42: Download notification

The export functionality is intended to make the database more read-
able for the end-user. However, it can also act as a backup of collected tem-
perature data. Suppose any problems arise while uploading data to DHIS2
servers, for example, due to an unstable internet connection. In that case,
the application user can export all the data as a CSV file and upload it
manually to DHIS2.
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Figure 43: CSV file from local database

8.0.5 Internet connectivity
The DHIS2 Android SDK is a toolbox with various tools and functional-
ity to develop Android applications in the DHIS2 platform ecosystem. In
the CCM application, the SDK enables the uploading of temperature data
to DHIS2’s servers. To conduct the uploading to DHIS2, the application,
at some point, needs an internet connection. Because the application use
case is being implemented in resource-constrained settings, it must func-
tion without an internet connection.

The happy day scenario of the application starts with the Android device
having an internet connection. Application users can then log in, synchro-
nize with the DHIS2 instance, and collect temperature data immediately.
When sufficient data is collected, the application user can then upload the
collected data to the DHIS2 server.

As for the piloting of the application, the happy day scenario is often
not the case. Therefore the application is designed to handle the different
internet connectivity issues.

Suppose the application is downloaded to an Android device, and the
user opens the application for the first time without an internet connec-
tion. In that case, it will skip the login activity and go straight to the main
view. The main view has a button group for synchronizing and uploading to
DHIS2 gets disabled. Nevertheless, the initial functionality remains. The
user can still scan for devices, select a specific device, and collect tempera-
ture data from the device view, storing it in the local database. When the
application connects to the internet, the user gets prompted with the login
view. By logging in, the button group enables and the user gets the ability
to synchronize with DHIS2. After synchronizing, the upload button gets
enabled, and the user can upload the collected data from the local database
into DHIS2.
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Since the application utilizes DHIS2s Android SDK, application users can
log in and synchronize while connected to the internet after downloading
the application for the first time to their Android device. The DHIS2 TEI
will then be stored locally on the device, and the application will function
as excepted when brought to a place without an internet connection. An ex-
ample of such a scenario could be that the user has internet access while at
a facility but loses connectivity when capturing temperature data in rural
areas. After collecting temperatures in offline mode, when the application
is reconnected to the internet, users get access to upload the collected tem-
perature data to DHIS2. The screenshot below displays the login and main
view when the Android device has no internet connection.

Figure 44: Login view offline Figure 45: Main view offline

79



Chapter nine

9 Findings
Multiple findings were addressed during the CCM application’s develop-
ment, implementation, and piloting. This chapter presents these technical
findings related to the development and implementation of the application.
Furthermore, social findings related to implementing and piloting the ap-
plications in Mozambique.

9.1 Findings from the development process
During the development iterations in Oslo, several technical challenges
were encountered. These challenges often increased the length of the de-
velopment iterations or led to a downgrading of desired functionality.

The first technical challenge was discovered in the second development
iteration, where the main goal was to communicate with the Bluetooth sen-
sors. Understanding the difference between Bluetooth Classic and Blue-
tooth Low Energy was vital in developing the application. The finding was
all the different BLE communication protocols, hence the specific chipset
of the BlueMaestro sensor. I had to use the UART Protocol with a GATT
service using a specific UUID for the BlueMaestro sensors. I classify these
as technical findings because there was limited information on these topics
and how to work with BlueMaestro sensors. This information gathering led
to the finding that the BlueMaestro SDK was deprecated and not function-
ing. In addition, the technical finding was that not all the UART commands
provided by the BlueMaestro API documentation were functioning, result-
ing in an increased length of the development iteration.

For instance, the *logger commands were supposed to return the rele-
vant log for temperature, humidity, and dew point. This log would contain
temperature values stored in the sensor’s memory, captured at a given in-
terval. Since this command did not function with the application, I had to
retrieve current temperature readings and store them in a local database.

Using the *logger command is essential for further development; the
sensor’s logging interval is, by default, ten minutes. By utilizing this fea-
ture, one can access temperature readings from the BlueMaestro sensors
memory. The application could retrieve all temperatures stored in the sen-
sor’s memory instead of manually storing the current temperature. Fur-
thermore, be closer to supporting the requirement of real-time CCM.

As this finding could meet real-time CCMs support in DHIS2, it leads to
another technical finding regarding storage. After meeting with represen-
tatives from the DHIS2 core team, the storage issues using tracker capture
were addressed. If the application was to be implemented on a large scale,
storage could quickly become an issue. By storing every temperature read-
ing as an event on a tracked entity instance, the DHIS2 instance would
quickly run out of storage. One example would be if every temperature
reading were captured every ten minutes - this would result in a total of
144 temperatures stored as an event on the tracker capture every day. Af-
ter one year, one TEI would have 51 840 events stored. Moreover, if the
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solution were to be scaled to the 174 facilities in Zambia, this would re-
sult in 9 020 160 stored events a year, given that all the facilities have one
refrigerator reporting every 10 minutes.

The storage problem can be solved in different ways, like passing ag-
gregated values like the Mean kinetic temperature (MKT), which will be
discussed in the chapter presenting future work. Furthermore, utilizing
cloud-based solutions could deal with a future storage issue but would be
an expensive solution.

Another technical finding identified during the pilot was due to a tech-
nical bug. During the pilot period, the login functionality suddenly stopped
working. It was due to the application running a one-year-old DHIS2 SDK
version. After upgrading the SDK versions, the applications worked as
intended. This finding shows the importance of minimizing dependencies
and keeping the application updated. Nevertheless, the Android SDK was a
reliable development tool, and I faced minimal challenges developing with
the SDK not functioning as promised. The documentation, the Skeleton ap-
plication, and the support from the Android development community were
sufficient to implement the DHIS2 part of the application.

In addition, interesting technical findings were discovered during facil-
ity visits. A sudden discovery was that the application ran as intended with
Android version 8 on one of the facility workers’ personal devices. Hence,
having problems with implementing the application on devices below An-
droid version 10. The previous assumption that the applications required
Bluetooth 5.0 and Android version 10 or greater was disproved. Further-
more, the reason the application functions differently on a mobile device
and the tablets provided is still unknown. Nevertheless, this finding most
likely lowers the application’s Bluetooth and Android version requirements,
which could potentially result in more end users.

Lastly, the finding of the Nordic toolbox was critical to understanding
how to interact with sensor technology and providing an overview of how
to communicate over the UART protocol. Working with BLE has been a
big challenge, and understanding the different levels of the GATT service
and UART protocol has been the key to doing the application work. As for
the BlueMaestro sensors, they have functioned reliably during the entire
development- and piloting period.

9.2 Findings from piloting
In this section, I present the findings made during the pilot work. These
findings have an impact beyond the purely technical implementation and
cover work processes, infrastructural challenges, and stories told regard-
ing challenges the facilities face. Through semi-structured interviews, we
asked about routines for handling spoiled vaccines. All facilities reported
that they never had cases where vaccines had to be discarded due to not
maintaining the correct temperature or expired. During the pilot, we had
findings disproving this claim.

Findings at health facilities
One such story was from the facilities we visited. Previously they had their
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CCE in the maternity ward due to a lack of space. The facility reported
cases where the socket for their ”domestic fridge” was pulled out by patients
to charge their phones. Because they lacked electrical sockets, this became
a problem, with an outcome that could damage all vaccines in the refrigera-
tor. The facility had to move that fridge to the delivery room, which was not
an ideal space. Instead, maybe an extension cord could solve the problem.
Given the facility’s current work process on CCM, they checked the fridge
in the morning and end of the day. The fridge could have been unplugged
during the day and night without any knowing, leading to vaccines being
damaged in the fridge.

Another finding of non-optimal vaccine storage was after implementa-
tion at one of the facilities. The temperature reported through the applica-
tion showed a temperature as low as below zero degrees. At our next visit,
the facility worker explained that this was because they produced ice packs
for the vaccine carriers they used at their vaccination station. Most vac-
cines stored at health facilities have a one-month storage period if stored
between 2-8 degrees. In cases where vaccines freeze and defrost, the ef-
fect reduces drastically. For instance Hepatitis B vaccines are immediately
destroyed if they freeze [67, p.6-10].

Our observations contradict what had been told us about correct tem-
perature maintenance. One can imagine that this is due to the Hawthorn
effect. The interviewees change their behavior because of their awareness
of evaluation as participants in the pilot [37]. The balance between not
giving the impression that we inspected but observing was subtle. The rea-
son for believing that the hawthorn effect was present was, to some extent,
based on other stories we heard during facility visits. Cases where Vaccine
Vial Monitor(VVM) markings beyond the discard point were used or put
back to the CCE to prevent it from being marked as spoiled. In addition to
stories about patients being referred to private pharmacies nearby, which
bought vaccine stock from the public facilities.

Nevertheless, based on these findings, more transparency and auto-
matic CCM reporting could prevent temperature data from being manip-
ulated. We also experienced some difficulties regarding surveillance that
supports the suspicion of the Hawthorn effect. During the polio campaign,
health workers avoided reporting temperatures in cases where the tem-
perature was unacceptable. The reason was that the facility did not have
enough ice bags for all the cold boxes. By being aware of our access to
the data they upload, facility workers avoided reporting. Therefore, we did
not collect data proving that vaccines had maintained the wrong tempera-
ture. This data is the most important to collect to prevent vaccination with
spoiled vaccines and to argue the need for more cooling elements for their
campaign work.

In addition, one of the concerns was mentioned by the head of DPS Que-
limane before the pilot arose. One sensor disappeared after the equipment
was returned to the health facility at the end of the campaign. As the sen-
sors are small, they can easily fall out of the vaccine carrier when stacked
for storage - or disappear as they are moved between CCE.

During the facility visit, we also experienced different degrees of inter-
net connectivity, which was one of the biggest challenges to the application’s
performance. Multiple Telecom towers were only a hundred meters across
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the road at the facility with the most unstable internet connection. Nev-
ertheless, the connection was almost non-existing. We were told that the
towers had a different provider than the sim card we used on the devices.
Such a finding reflects the problem of infrastructure being developed but
not maintained. This can also be compared with the effort of this master
thesis. The CCM application’s technology and implementation will not im-
prove the CCM if not the health facilities are being trained, followed up,
and gets additional knowledge about the importance of CCM.

CCM experiment
Lastly, additional findings regarding the vaccination workflow were discov-
ered during one of the facility visits after conducting a small experiment.
Chapter six presents health facility workers packing vaccine carriers in the
morning before taking them to the vaccination station. When we arrived
in the morning, health facility workers had packed the vaccine carriers and
had them at the vaccination station for two hours. When we arrived, the
vaccine carrier had an internal temperature of 0.6 degrees Celsius. After
one hour, the internal temperature was one degree Celsius, increasing to
0.4 degrees. At this point, the experiment had to end because we had to
visit the next facility. Nevertheless, this was an exciting finding.

The experiment shows that the vaccine carrier was packed with ice
packs resulting in a non-optimal storage environment, and the internal
temperature of the vaccine carrier increased the risk of damaging the vac-
cines. In order to prevent this, the vaccine carrier should have been packed
with water packs, which can be achieved by letting the ice packs melt to
the point where liquid water surrounds the ice when shaking the pack [19,
p.1121].

The graph below is a tentative representation of the temperature in-
crease. This shows that trained facility workers, CCM knowledge, and
changes in the work process could prevent such cases where the initial tem-
perature increases the risk of damaging the vaccines [67]. Hence, the data
set is far from complete, not considering additional variables like the de-
grees in the air and melting of the ice pack.
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Figure 46: Tentative temperature increase graph
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Chapter ten

10 Discussion
This chapter discusses the challenges and opportunities related to the CCM
app’s pilot, development, and implementation. Furthermore, it discusses
the approaches and methodologies used in this thesis - with the research
question in mind.

” How can real-time cold chain temperature monitoring be sup-
ported in DHIS2.”

10.1 CCM Application review
The application of this thesis was customized to fit the needs and conditions
for running a pilot in Mozambique. DHIS2’s innovation platforms architec-
ture facilitates both stability and flexibility at the same time [51, p.27]. The
Platform Core provides stable functionality by offering BR-like APIs, SDK,
Academy training, and documentation. This BR facilitates cultivating plat-
form ecosystems through third-party development. When developers use
these resources in their application, the BRs extend the scope and diversity
of the platform [16, p.187].

Because of DHIS2s platform architecture, CCM can be supported through
developing applications in the outer layer-based and loosely coupled to the
platform core [51, p.24]. This approach will still facilitate a resilient plat-
form due to custom applications not affecting the platform core [62, p.94].

Utilizing DHIS2 BRs to develop standalone applications had different
challenges and opportunities. The platform needs to balance the tensions
between supporting third-party development through BR and controlling
the platform development [16, p.187].

As a third-party developer, it was challenging to understand the DHIS2
universe, read the documentation and get an overview of the API structure.
On the other side, without the BRs, the opportunity to develop the appli-
cation would be challenging. Utilizing the BRs by attending the Android
academy, forking the Skeleton app, using the Android SDK, and getting
support to set up a test instance with a CCM program was crucial for the
success of the app development.

The result of the development is a specific standalone application sup-
porting CCM to DHIS2. Findings from the pilot show that changing minor
aspects of the application would make it generic enough to scale at many
health facilities. Also, the Bluetooth communication part of the code is
generic and can be implemented as a stable part of the DHIS2 core.

10.1.1 Potential
Cold chain monitoring’s primary purpose is to prevent people from being
incorrectly vaccinated and vaccines being spoiled [24]. After testing the ap-
plication and based on finding from the implementation, there is a potential
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for health facility workers to have better CCM at their facility with the op-
portunity to act and prevent incorrect vaccination immediately - by using
the CCM application as a supplement to facility workers’ current CCM rou-
tines. Since the application is on an android device and the sensors are
small and durable, the solution can be implemented in different parts of
the Cold Chain, for instance, to capture and report vaccine temperatures
during transport [4].

The application can also improve CCM at a temporary vaccination sta-
tion established in a rural area by health facility workers. The cheap sen-
sor technology has little maintenance and changeable batteries. This is an
advantage over other non-sensor-based expensive CCE with high mainte-
nance [25, p.2221].

During the pilot, the potential for the application was discussed. The
statistics department at DPS highlighted the reporting of temperature data
to decision-makers at the regional and national levels. They saw the poten-
tial in aggregating data across different relational use cases: an example,
spoiled vaccines at a facility and their vaccine stock.

Based on evaluation feedback from the LMIS team and feedback during
the piloting, the CCM application also has potential for improvement. One
key feature to improve in the application is the alerts. By further develop-
ing the alerts to send SMS notifications to different stakeholders, health fa-
cilities can get improved CCM when the facility is not staffed, for example,
during the weekend. Reporting alerts from the health facilities to DHIS2
would provide valuable data to decision-makers. The number of alerts can
be used to notify facilities that they have spoiled vaccines in stock. In ad-
dition, the data can be used in combination with facility stock to distribute
vaccine shipments by prioritizing facilities with the greatest need.

After the pilot period, some potential for the applications was revealed.
For the application to work stably and make a more significant impact at
multiple health facilities, there is a need for the applications to be more
generic. The DPS wanted to scale the application to all of the health facili-
ties throughout the province. In order to support such a scale-up, the appli-
cation would need to provide a configuration so that each facility could link
their CCM application with their organization unit in the DHIS2 tracker
application.

The evaluation meetings with the LMIS team also addressed the poten-
tial of a fully automated CCM process by improving the application to cap-
ture temperature data automatically when in range of sensors. Automation
can potentially support new use cases, such as collecting data from multi-
ple sensors more efficiently. For instance, a fully automated application
at a vaccine department store could provide functionality allowing storage
workers to collect data as they pass through the storage units. By achieving
such a state of automation, it has the potential to remove human error and
report efficient, correct, and quality data.

Lastly, from an innovation point of view, this thesis hopefully brings the
potential to introduce sensor technology and the Internet of things (IoT) to
the DHIS2 platform. As this is the first application using BLE sensor tech-
nologies within the DHIS2 platform ecosystem, there is potential in some
of the code being a part of the core. The Bluetooth communication with the
GATT service and UART protocol is a feature that can be a generic core ap-
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plication. The code finds BLE devices and sets up communication between
them by collecting different IoT UUIDs. Having BLE communication as
a stable core application could facilitate innovation in utilizing other tem-
perature sensors beyond BlueMaestro. The core application would then act
as a BR, facilitating the development of applications using different sensor
technology for other use cases than CCM. IoT within healthcare has great
potential and could enhance access to care, strengthen the quality and re-
duce the cost of care [29].

10.1.2 Challenges
During the CCM application’s development process, there were technical
challenges regarding the code, testing, and hardware requirements. In ad-
dition to some challenges related to the implementation and piloting of this
thesis.

In the application development process, the LMIS team and I met with
representatives from the DHIS2 core team. After presenting the solution,
they addressed a challenge regarding server space. Because the applica-
tion architecture uses tracker capture, each temperature reading gets rep-
resented as one event on a TEI. This design can lead to many stored events,
which over time or by scaling the solution to multiple facilities can exceed
server capacity. The DHIS2 technical lead saw two solutions: increasing
server capacity and paying for a CCM server instance. The other solution,
and maybe a more convenient way, was making a function sanitizing old
data. Historical temperature data in CCM is not that helpful because if
there has been a temperature excursion three months ago, the vaccines are
either replaced or used.

In advance of the pilot, the application had only been tested with a sta-
ble internet connection on a Samsung device. In retrospect, the testing
environment was insufficient before conducting the pilot. Because of the
testing environment, it was not possible to test the application’s functional-
ity with an unstable internet connection. Testing this before the pilot could
have saved some time spent fixing bugs related to the poor connection.

Due to this, one major technical bug that occurred irregularly was when
health facility workers tried to upload captured temperature data with a
connection of H+ (High-Speed Packet Access) or EDGE (E). Because of the
unstable connection, the application was online, but the packet transmis-
sion speed was slow. When health facility workers attempted to upload cap-
tured temperature data from the application to DHIS2’s servers, the DHIS2
servers timed out after waiting some minutes due to the slow connection.
Because the application design did not consider a context of low bandwidth
and poor internet coverage, the result was inconsistent temperature data
uploads to DHIS2 and, sometimes, the application closing.

Furthermore, only testing the application on one specific android de-
vice led to little knowledge regarding Android specifications for different
devices. This led to some challenges when choosing devices for the pilot, as
we did not know for sure which android requirements and versions were
needed for running the CCM application. Some of the requirements were
related; the device having an internal GPS - as BLE technology needs loca-
tion activated to function [2].
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In addition, there were some challenges regarding the devices provided
for the pilot. The application did not manage to run as intended, struggling
to collect all temperature data from the sensor before the UART communi-
cation was terminated. The devices provided were Android tablets running
OS version 9 (Pie) with 1GB RAM and a Quad-core 1.3 GHz CPU, running
an older Bluetooth version of 4.2. The BlueMaestro sensors support both
version 4.2 and 5.0. The difference is in data transmission speed as Blue-
tooth 4.2 transmits data at 1 Megabit per second (Mbps). If an android
device has Bluetooth 5.0, data is transmitted from the BlueMaestro sensor
at 2 Mbps. Since it was impossible to get new android devices at short no-
tice, we coped with this challenge by lending my phone to a health facility.
In addition, download the application on health workers’ private phones -
as they usually have OS Android 10 or higher.

10.2 Pilot review
During the pilot in Mozambique, there were several challenges of both tech-
nical and contextual nature concerning excising work processes. During the
pilot, there were also times when things did not go according to plan. These
cases brought challenges, but adapting them gave the pilot potential oppor-
tunities.

10.2.1 Potential
During the piloting of the application, we faced some challenges related to
different understanding from the facility workers on why they should use
the CCM applications. After demoing and initial training, the users quickly
understood the graphical user interface and the application’s use case. In
some cases, there was a need for additional training, but after the initial
setup, all health facilities reported temperature data to the tracker capture
app.

In addition, were the BlueMaestro sensors stable and reliable during
the pilot period. Utilizing sensor technology was a new experience for the
health facilities. Despite this, they were optimistic about the application
and saw the potential in using the sensors for rural vaccination.

Furthermore, the CCM application digitizes the current CCM process
reported by a paper form and introduces a new use scenario of DHIS2. In
addition, the application and temperature sensors remove manual report-
ing steps and improve the data quality captured into DHIS2. Automation
makings data harder to manipulate, in addition to reporting a standardized
data set capturing only necessary data elements through the CCM applica-
tion [7, p.2]. Reporting quality data is important for the CCM application in
order to succeed. LMIS and HMIS rely on quality data for evidence-based
decision-making. [7, p.2].

In addition to more collaboration between HISP groups, the pilot gives
the potential for CCM to get on the agenda. Implementing the applica-
tions in Mozambique and performing an in-the-wild study, as its feedback
provides an actual use aspect [47, p.490], increasing the opportunity to de-
velop an artifact that is more suitable for end-users needs, and more likely
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to succeed. The pilot has also opened up the potential for better collabora-
tion between HISP-Mozambique and HISP-Oslo regarding LMIS.

10.2.2 Challenges
There were various challenges in piloting the applications in the field. Chap-
ter three presented the socio-technical perspective and highlighted that the
socio part of the perspective represents humans, routines and practices,
rules, culture, norms, politics, and motives [57, p.71]. During the imple-
mentation and pilot period, we faced some socio-technical challenges as we
introduced a new HIS into an organization such as a health facility.

One of the first socio-technical challenges was the information flow be-
fore the pilot. Traveling to Mozambique, there was no common concrete
plan for how the pilot should be performed. I had made an individual plan,
but we had not communicated a common strategy. Therefore, the pilot plan-
ning was carried out during the first week of the pilot.

At the initial visit to a health facility, we faced additional challenges.
During the first minute of demonstrating the CCM application, a health
worker immediately said:

”What am I going to do with this? I have a digital thermometer
on the outside of the freezer.”

With the socio-technical perspective in mind, implementing the applica-
tion meant only more work for the health facility workers. An implemen-
tation would mean changes in their CCM routines and work practices. To
deal with this challenge, we had to express the importance of the applica-
tion and inform about the potential and importance of CCM and how the
facility level could better national immunization through improved CCM.

Creating engagement around the pilot was essential to ensure that health
facility workers used the application. At the facilities we visited, health fa-
cility workers had different competence in using digital IS as part of their
work process, and most data capturing was paper-based. Capturing data in
paper forms gives control to the data collector of which data to report. Im-
plementing a digital solution that eliminates the facility workers’ control
stage was challenging due to a different set of norms and work culture - the
control of what to report acted as a safety net protecting the one reporting
the data.

During our participation in the polio campaign, we experienced temper-
ature data not being reported. Because the campaign did not have enough
ice packs for all the vaccine carriers, temperature data was not reported
to DHIS2 using the application. Health workers did not want to report
temperature data stored in a non-optimal environment during the pilot.

When demonstrating the application to the DPS at the province level,
they addressed some challenges that could arise. The first concern they had
was how much the sensor could withstand. If it endures being moved be-
tween vaccine carriers and other CCE, and to which degree it can withstand
water - as water can accumulate at the bottom of CCE. The second concern
DPS addressed was the possible sensor theft because of its appearance, the
battery inside, or the sensors being lost. DPSs second concern happened
during the polio campaign, as one sensor was lost after the campaign.
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Furthermore, the pilot faced some challenges regarding Android devices
provided for the pilot. These challenges led to findings regarding introduc-
ing devices to health facilities. One health facility worker responsible for
the CCM at one of the facilities we visited already had four phones and did
not want to take care of another reporting device. Most facility workers pre-
ferred to have the CCM application installed on their personal devices. One
can argue that utilizing health facility workers’ devices is more sustainable
and cost-effective.

We also faced some challenges regarding payment of mobile data, find-
ing the balance providing health workers with enough mobile data to use
the application. During the pilot, we discovered that health facility work-
ers used the mobile data provided for the pilot for other non-work-related
activities. If facility workers run out of mobile data, it will challenge the
integrity and reporting capability of the application. Providing too much
mobile data will increase the expenses of the implementation.

Lastly, another core challenge during the pilot was the lack of informa-
tion on the importance of CCM. As Ashok, Brison, and LeTallec state in
their study on improving cold chain;

”Countries are often unaware of the risks of an insufficient cold
chain” [25].

One of the questions asked during the pilot interviews was;

”What procedures do you have for spoiled or outdated vaccines?”

All facilities replied that they never had any cases of spoiled or discarded
vaccines because they had expired. These answers show a need for better
information at health facilities regarding CCM.

During interviews, interviewees also reported that they had regular
power outages. Nevertheless, There was a slight perception of how this
could affect the vaccines. Temperature data collected during the pilot show-
cases temperatures from CCE below two degrees over time. Therefore,
improving information and training for health facilities workers regarding
the importance of proper vaccine temperature could improve the facilities’
CCM, as this is important to incorporate before introducing any CCM au-
tomation solution [13, p.5].

90



10.3 Pilot methods review
This thesis consists of different parts like development, implementing, and
piloting. These parts result in the usage of multiple methods with a dif-
ferent purposes. In the first part of the thesis, agile software development
methods were conducted in combination with the thesis’s primary method-
ology, DSR. These methods’ purpose was to make an artifact answering
whom to support real-time CCM in DHIS2. Furthermore, in the last part of
the thesis, different qualitative research methods were used to collect data
during the pilot of the application.

10.3.1 Potential
The qualitative research methods conducted during the pilot provided the
potential to examine the root problems in this use case. The data regard-
ing exciting work processes gathered through semi-structured interviews
and observation gave an in-depth insight into what influenced the existing
CCM.

During data collection, we were told stories about vaccines being trans-
ported in cold boxes without ice packs due to the facilities not having enough
CCE. In addition, stories about polio vaccines marked as spoiled were put
back into the freezer to turn the mark back to their valid state. Hence, gen-
eral enthusiasm regarding the application - information and focus on CCM
was lacking.

Through the semi-structured interviews, we discovered that all the health
facilities reported the same regarding routines of spoiled and expired vac-
cines. The fact that they never had trow spoiled vaccines is a shocking
finding and the reality today - but also a step in the right direction to im-
prove the knowledge. Furthermore, the potential of this qualitative insight
tells that the CCM application only can do so much. These stories show po-
tential in improving CCE, knowledge, and training of facility workers and
raising attention regarding the importance of CCM.

10.3.2 Challenges
As a participant in a participatory case study piloting in a natural con-
text, there were some communication challenges regarding the ambition
level. The application was an MVP tailored to fit only one TEI at each
facility. Hence, the MVP being close to production-ready, making it more
generic became the level of ambition. The issue is understandable, as pilot-
ing semi-finished solutions is a fact. Nevertheless, if the ambition level had
been more precisely communicated, the application could have been further
improved before leaving Oslo.

Another obvious challenge when piloting was that I did not speak the
native language. The language barrier was one of my main concerns in
advance of the pilot. Nevertheless, it was not a big issue as HISP imple-
mentors translated everything. In addition, giving the HISP implementors
more belonging to the application led to an excellent dynamic. Both in data
collection and when presenting the solution at health facilities.
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Furthermore, there were some challenges regarding data collection meth-
ods, as only qualitative data was collected during the pilot. Because time
is scarce, during the health facility visits and the pilot period, there was
no time to collect all the initially intended data. Another reason for only
collecting qualitative data was the time it took before the facilities started
to report data into DHIS2, which led to a smaller amount of quantitative
data than desired. The intention was to collect a temperature data set to
co-relate captured application data with the data health workers collected
on paper. The data set could compare temperatures collected from the sen-
sor BlueMaestro and the digital CCE thermostat. In addition, an extensive
quantitative data set would make it possible to test the accuracy of the
sensors and other potential findings like data visualization with other pa-
rameters in DHIS2.

10.3.3 Summary
The table below summarize the key challenges and opportunities discussed
in this chapter:

Challenges Opportunities

CCM application Fitting current work
processes ,

Infrastructure,
Storage problem as

scaling

Supporting CCM,
introducing IoT and
BLE communication

to DHIS2.
Automation of
current CCM.

Piloting Pilot planning, Lack
of CCM knowledge

HISP collaboration,
Evaluating in natural

context

Methods Collecting sufficient
data, Quantitative

data, Ambition level

In-depth insight in a
natural context

Table 8: Key challenges and opportunities
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Chapter twelve

11 Conclusion and future work
This thesis has explored how real-time CCM can be supported with DHIS2
by implementing a custom android application in a generic software plat-
form ecosystem. The development, implementation and piloting effort of
the thesis aims to answer the specific need for improving CCM and answer
the research question:

”How can real-time cold chain temperature monitoring be supported
in DHIS2.”

Through piloting an application for this purpose, knowledge has been
gained regarding Mozambique health facilities and their existing work pro-
cesses of CCM. In addition, examined the possibility of implementing tech-
nology to improve CCM, and discovered its challenges. An artifact was
developed through design science research and agile software development
iterations, collaborating with HISP Mozambique, resulting in a pilot in the
province of Zambezia. The pilot was conducted by implementing a cus-
tom Android application at the health facility level. The application uses
BLE sensor technology to introduce real-time CCM in the DHIS2 platform
ecosystem utilizing the DHIS2 tracker capture application.

The primary purpose of cold chain monitoring is to improve the handling
of vaccines so that they stay effective and safe. There are various existing
and recognized solutions for CCM today. This thesis incorporates CCM into
DHIS2 by building a sensor-based application within the DHIS2 ecosys-
tem, allowing health facility workers to have better CCM at their disposal.
By decentralizing the data collection, HIS fragmentation is prevented by
reporting to DHIS2 so decision-makers can access data in one HMIS.

From a technical point of view, the application combination with the sen-
sor technology and its connection to DHIS2 is the core contribution to in-
troducing real-time CCM to DHIS2. The solution has minimal dependence,
the primary one being the BlueMaestro sensors. Nevertheless, the sen-
sors have a low unit cost without a subscription like other CCM solutions.
Beyond the application itself, introducing the GATT service and UART pro-
tocol to the platform core facilitates support for a more generic real-time
CCM and other temperature sensors and potential IoT technologies.

Different potential and challenges were discovered during the pilot and
implementation of the CCM application in resource-constrained settings.
The fact that DHIS2 was the main HMIS in Mozambique brought poten-
tial, as the HISP group was an established actor with expert knowledge of
DHIS2. The HISP group provided developers and implementors supplying
innovation, training and support. In addition, DHIS2 being well estab-
lished provided the pilot access to health facilities.

Throughout the pilot, health facility workers emphasized that the CCM
application and the concept of sensor technology sending data to DHIS2
was something they could implement into their existing work processes and
routines. The fact that the existing CCM work process today is paper-based
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and only reported to the immunization program once a year and not to
DHIS highlights the potential of the implementation. The Provincial Di-
rectorates of Health (DPS) in Quelimane emphasized the applications po-
tential. It would digitize manual statistics work and improve control of the
CCM process through transparency to decision-makers. In addition, DPS
reported that such an implementation could improve challenges related to
data quality in DHIS2, improving their data analysis and statistics. More-
over, based on findings at facility visits, the application could contribute to
the global need for better CCM and increase the vaccination rates by prov-
ing that vaccines in storage are reliable and stored at correct temperatures.

Achieving the potential mentioned above is more than implementing a
generic version of the needed applications. Based on the findings in chap-
ter nine and the challenges introduced in the discussion, one of the main
challenges in DHIS2 supporting real-time CCM is the lack of knowledge
regarding the importance of CCM. To accomplish a state of CCM being a
successful core functionality, there is a need for sufficient training of health
facilities workers’, as this would drastically improve the situation and their
knowledge. This shows that the socio-technical arrangements locally are as
necessary as supporting CCM in DHIS2 through the application developed.

Additionally, being aware of infrastructural challenges, such as unstable
internet connectivity and power outage, is essential in making a solution
that can support real-time CCM to DHIS2. Lastly, strengthening measures
concerning CCE like functioning and approved CCM fridges, ice packs and
thermostats could improve health facility workers’ possibility to conduct
efficient CCM at the facilities in resource-constrained settings.

11.1 Future work
The future work of this thesis would mainly evolve the development of the
CCM application. For it to be a stable implementation or a core DHIS2
application, it would benefit from being more thoroughly tested to ensure
its robustness. Both technically improve the reliability of the application
during unstable internet connectivity and ensure that the application is
robust so that end-users do not experience cases where the applications
stop working. Such measures would also minimize the amount of support
needed from HISP implementors.

Furthermore, the CCM application needs to be improved by generaliz-
ing the tracker capture configuration in a way that the CCM application
supports multiple TEIs in an organization unit. Making the application
more generic would allow it to scale faster at an efficient matter. There is
also a need to develop a design in the application to organize which Blue-
Maestro sensors belong to their respective CCE. Such improvement can be
made by, for example, uploading the sensor’s MAC address as a value in
tracker capture and allowing end-users to choose which TEI to upload tem-
perature data. The application or decision-makers can monitor facility data
and report when one or more sensors upload to the same TEI. Additional
improvement to the application would be to further research the utilization
of the built-in BlueMaestro commands, as some of the commands not used
in the MVP potentially can make the application more automatic. Utilizing
the temperature logs from the sensor’s memory will minimize manual work
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in the application as it can capture temperature data at a given interval. In
addition, it will increase the number of temperature readings and the user
experience for health workers as they do not have to report every reading
manually through the applications. One specific feature to increase au-
tomation could be that the application captures the log at a given interval
if one is within range of the sensor. This feature could be done by looping
the GATT service, listening to a subscription, sending a UART command
for the subscribed logs, and storing the result in a local database.

In addition, could decision-makers benefit from the application upload-
ing, time and date to DHIS2. Implementing a timestamp will display when
the temperature data was captured that day, making it possible to observe
if, for instance, a facility tries to report the temperature twice in the morn-
ing. Such functionality will provide more control to decision-makers and
minimize the opportunity of reporting low-quality data.

Future work on this application would also include addressing the prob-
lem regarding storage. There are multiple solutions to such a problem, and
it depends on the future of the application. One way to reduce the storage
issue is to store aggregated values to minimize the number of events on
a TEI. Aggregated values like the MKT can represent temperature fluctu-
ations in a single value. Utilizing the MKT could contribute to solving a
future storage problem for the application [4].

Historical temperature data more or less lose relevance after a month as
events that trigger an alarm are most relevant. Suppose aggregated values
are not an option and the issue of storage becomes complex and expensive.
In that case, one measure could be to refactor the application to use the
data entry app, as this can be a measure to decrease the memory stored. In
addition, researching possibilities to sanitize old temperature data, either
in the application or in the tracker app, would also be a measure to reduce
the storage problem.

Lastly, the alarm function is an essential feature of the application, es-
pecially concerning requirements from WHO and GAVI. Alarms would pro-
vide the opportunity to aggregate an alarm value representing the num-
ber of alarms in DHIS2. The number of alerts can then be visualized
to decision-makers, making it possible to identify areas where additional
CCM support is needed and improve the global CCM. Future work on the
alarm functionality should involve research on efficiently sending alarms to
different stakeholders and health facility workers, both with and without
internet connectivity.

The work conducted during this thesis has aimed to raise awareness
of the importance of CCM. The CCM application created in this thesis is
an MVP implemented and tested at health facilities in Mozambique. The
application and data collection through the pilot aims to answer how real-
time CCM can be supported in DHIS. Hopefully, this can be the initial effort
of a broader CCM support in DHIS2.
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Abbreviations and acronyms
CC - Cold Chain.

CCM - Cold Chain Monitoring.

CCE - Cold Chain Equipment.

IT - Information Technology.

IS - Information Systems.

II - Information Infrastructure.

IB - Installed Base.

HIS - Health Information System.

HMIS - Health Management Information System.

LMIS - Logistic Management Information System.

EPI - Expanded Programme on Immunization.

DHIS2 - District Health Information System 2.

HISP - Health Information Systems Program.

DPS - The Provincial Directorates of Health.

DSR - Design Science Research.

ADR - Action Design Research.

WHO - World Health Organization.

GAVI - The Global Alliance for Vaccines and Immunization.

SIAPS - The Systems for Improved Access to Pharmaceuticals and
Services .

BR - Boundary resources.

API - Application Programming Interface.

REST - Representational State Transfer.

SDK - Software Development Tool.

TEI - Tracked Entity Instance.

MVP - Minimum viable product.

BLE - Bluetooth Low Energy.

BCR - Bluetooth Classic.

MVC - Model-View-Controller.
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UART - Universal asynchronous receiver-transmitter.

ATT - Attribute Protocol.

GATT - Generic Attribute Protocol.

SoC - System on Chip.

GUI - Graphical User Interface.

MKT - Mean kinetic temperature.

VVM - Vaccine Vial Monitor.

IoT - Internet of Things.

Appendix
• Link to GitHub repository: https://github.com/Filipcl/CCM-App

• Link to video demo of the CCM app: https://player.vimeo.com/
video/649687929?h=ad4e689fd3

• DHIS2 community post: https://community.dhis2.org/t/developing-and-piloting-a-dhis2-android-app-for-cold-chain-monitoring/
47087?u=filipcl
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