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Abstract

This thesis addresses the topic of how an information system can be used in
another domain than that of its origin. Previous research has emphasized
how some software packages are designed to work across different
organizations and configurations, gathering a collection of features along
the way that aim to meet a wide range of functional requirements. Yet,
limited research explores how such a generic information system can be
adapted to meet the functional requirements of another domain.

DHIS2 is an information system that is used in numerous developing
countries, primarily in the health domain. Driven by economical and
resource-oriented reasons, the system is sometimes seen to cover functional
requirements from the domain of logistics. Originally developed as a
health management information system, the flexible properties of the
system are exploited in unanticipated ways, allowing the country to create
a logistics management information system by using much of the same
infrastructure and knowledge that is already present in the community.

Motivated by the apparent potential of such systems, this thesis
explores how an information system’s generative and flexible features
can be used to release the system from the assumptions of the original
domain. By a process identified as reappropriation, three cases are examined
in which DHIS2 is used for health logistics. Following a detailed case
study on these implementations, I apply the theoretical framework of socio-
technical generativity to explain how a successful adaption to the other
domain requires a combination of social and technical enablers. First,
the information system requires a flexible architecture that enables an
appropriate reconfiguration suitable for the new domain, supported by
tools and documentation that increases the likelihood of success. Second,
the process must be supported by heterogeneous actors that complement
each other during the implementation process. The findings are presented
in a model of reappropriation, which is also the main contribution concluding
this thesis.
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Chapter 1

Introduction

1.1 Motivation

Over the last couple of decades, global efforts have attempted to improve
the inadequate health situation in developing countries. As a measure,
international organizations such as the World Health Organization (WHO)
and the United Nations have emphasized the need for comprehensive
health management information systems (HMISs). Such socio-technical
systems, in combination with people, activities and routines, can be used to
collect and analyze health data in order to make informed decisions about
where to allocate the available resources.

The medical supply chain is responsible for distributing vaccines and
other, health-related commodities to a country’s many health facilities.
This supply chain is often paired with a logistics management information
system (LMIS), which is typically used to manage health commodities,
reduce stockouts and estimate the number of commodities required at
each facility. In recent years, international nongovernmental organizations
(NGOs) have seen a general surge of interest in using these types of systems
to support the health infrastructure at large.

For developing countries, introducing yet another, large information
system may not be viable in terms of time and financing. In low-resource
settings with a limited availability of software developers, designing a
custom solution is often unreasonable. Another option is buying a finished,
proprietary software package. Yet, these products often involve running
licensing- and support costs, and may lead to a lock-in down the line,
where the client becomes dependant on the product (Tiwana, 2013). As
a result, Nielsen and Sæbø (2016) observe that in developing countries, it
is not uncommon for existing software to expand to other use-cases and
even other domains. By adapting an existing system to another domain,
one can build upon what is already present in the community, such as
organizational routines, people and current activities. Yet, this adaption
process requires a high level of flexibility of the existing software, may
require experts in the other domain and requires the new implementation
to free itself from any assumptions from the original domain.

The notion of generic information systems is well documented in
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existing literature. Some software packages are designed in a way that
accomodates a collection of requirements, rather than the specific needs
of individual users and organizations (Pollock, Williams, & D’Adderio,
2007). These generic systems are developed independently of individual
usage patterns and organizational routines. Rather, they rely on serving
templates to capture larger groups of users at once. While the core software
is created and maintained as a stable half-product, organizations wanting to
implement the software must complete the package themselves, tailoring
the software to their needs.

Pollock et al. (2007) and other authors write primarily about using
the software package across a number of different organizations. Limited
literature has focused on using the same software or information system
across different domains entirely. Exploring this void, I introduce the
concept of reappropriation to describe the process of adapting an information
system to another domain than what is assumed by the system’s creators.

The District Health Information System (DHIS) is a socio-technical
information system, originally developed as a software for district health
management in post-apartheid South Africa (Jørn Braa & Sahay, 2017).
Today, the system is being used as the national HMIS in over 60 countries
across the world. Exposing an open metadata model and a flexible user
interface, the software has accumulated a large set of generic capabilities
through processes of open generification (Gizaw, Bygstad, & Nielsen, 2017).
In a number of countries, District Health Information System 2 (DHIS2)
is adapted to the domain of logistics, effectively acting as an logistics
management information system (LMIS). By using the platform architecture
of DHIS2, the system is reconfigured at multiple levels to meet the
functional requirements of the new domain.

The process of reappropriation involves a number of challenges. First,
a generic information system may carry a number of assumptions from the
original domain, and the adaption to the new domain must take this into
consideration. Second, Nielsen and Sæbø (2016) notes that moving into
a new domain necessitates a consideration in terms of how to configure
the functionalities logically, which requires a certain insight in the system’s
architecture. Such expertise is not always accessible to the user, and the
architecture of large software ecosystems is often known only to core
developers of the system (Msiska & Nielsen, 2017). Third, approaching
a new domain may require experts that know the domain well, and this
knowledge has to be transferred to the system designers. Thus, moving
into the new domain is not only dependent on the technical, flexible
properties of the information system, but requires a combination of both
technical and social matters.

2



1.2 Research Question

By examining a number of cases where DHIS2 is used as an LMIS, we
might discover which features of the HMIS that enables us to successfully
reappropriate the system to another domain. More generally, the purpose of
this thesis is reflected in the following research question:

How can an information system be reappropriated for use in other
domains?

I hope to answer this question after a thorough examination of three
different cases of reappropriation. With a focus on the flexible nature of
DHIS2, I will examine how the various layers are configured, how the
architecture is structured and how the end-users are able to meet the
functional requirements of the new domain. In addition, I will evaluate
how the stakeholders participate in the project and how their social
relations may contribute to the design and implementation process.

1.3 Chapter Overview

This thesis is organized into 7 chapters as follows:

• Chapter 1 presented the motivation behind this thesis and proposed
the research question.

• Chapter 2 will establish the context of this thesis, introducing the
HMIS, LMIS and DHIS2.

• Chapter 3 will present the research approach and case study con-
ducted.

• Chapter 4 will present the relevant literature and theoretical frame-
works in preparation of the case study.

• Chapter 5 will examine the cases in detail, withdrawing the context,
process and current status of each implementation.

• Chapter 6 will evaluate the cases in light of any theoretical frame-
works and present the main contribution of this thesis.

• Chapter 7 concludes this thesis.

3
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Chapter 2

Background

In order to follow the case study and further examination, the contextual
background of this thesis is required. First, I give a brief introduction of the
current health status in developing countries, and how a health manage-
ment information system (HMIS) may help improve it. Next, I will argue
how the medical supply chain and an logistics management information
system (LMIS) is necessary to ensure crucial health commodities are timely
and effectively distributed among a country’s numerous health facilities.
Further, I dive into the history, usage and architecture of District Health In-
formation System 2 (DHIS2). Finally, I present an overview of the current,
known attempts at using DHIS2 as an LMIS.

2.1 Health Management Information Systems

Over the last couple of decades, global efforts have attempted to accommo-
date the inadequate health status in developing countries. Out of eight Mil-
lennium Development Goals (MDGs), three were directly related to health
(United Nations, 2015). With the fourth and fifth goal, efforts were aimed at
reducing child mortality and promoting maternal health. The sixth MDG
concerns the fight against HIV/AIDS, malaria and other communicable
diseases. As of 2015, the new Sustainable Development Goals (SDGs) are
not as specific as the MDGs, but still concern health-related issues. Namely,
the third SDG is to “ensure healthy lives and promote well-being for all at
all ages”, with a focus on maternal health and battling infectious diseases
such as HIV/AIDS and malaria (United Nations, 2018). Through means of
strengthened health programs, international organizations and donors are
increasingly trying to cope with these issues.

An information system is a socio-technical system, commonly per-
ceived as “any combination of information technology and people’s ac-
tivities using that technology to support operations, management and
decision-making” (Ellison & Moore, 2003). With activities such as data col-
lection, -aggregation and analysis, information systems are used to extract
patterns and actionable information from the gathered data. This informa-
tion can be used to reallocate resources, improve the organization’s strategy
or other, similar activities. Examples of information systems (ISs) include
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enterprise resource planning (ERP) systems, geographical information sys-
tems (GISs) and HMISs.

The international community has emphasized the need for comprehen-
sive HMISs to better track and improve the health situation. Originally
launched in 2005 as an initiative by the World Health Organization (WHO),
the Health Metrics Network was the first, global partnership focused on
improving such systems in these areas (World Health Organization and
others, 2008). As described by the Health Metrics Network, an HMIS
should “produce relevant information that health system stakeholders can
use for making transparent and evidence-based decisions for health system
interventions” (World Health Organization and others, 2008). By defining
a set of standards, guidelines and best practices, WHO and other stake-
holders are actively involved in developing better systems for supporting
health management.

2.1.1 Challenges with HMIS

The activities supported by a an HMIS can be organized into four distinct
phases, forming the information cycle (Jørn Braa & Sahay, 2012); collection,
processing, presentation and action. Health data can be collected from multiple
sources, including population surveys and national censuses. The primary
source, however, is routinely collected health data, entered in the system by
a health worker or data clerk. The next step is data processing, in which the
collected data is aggregated and sorted into meaningful information. This
information can be presented using the tools of the HMIS, such as in a table,
report, graph or in a geographical information system. “Dashboards” are
used to get a quick overview with a combination of graphical presentation
techniques. The final step is action, in which the information is used for
evidence based decision-making, such as planning resource distribution or
setting achievable health targets.

Collection 

Processing

Presentation 

Action 

Figure 2.1: The information cycle of health management information
systems.

All the steps in the information cycle depend on the initial data
collection step. Correctly collected data, entered precisely and timely in
the HMIS, can create a great basis for decision-making down the line. On
the other hand, bad data quality leads to untrustable data, for which no
decision can be made. This creates a vicious cycle, where the data collectors
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looses all incentives to gather more data. Unfortunately, this is often the
case in developing countries, given a number of different reasons.

One reason is the existence of multiple, parallel health reporting
programs. Often, an nongovernmental organization (NGO) will implement
their own, disease-specific health programme in a developing country,
which includes a custom reporting form. If multiple, uncoordinated
stakeholders introduce these forms to the HMIS, the forms will often
contain an abundance of duplicate data, which causes a heavy workload
on the data collectors (Jørn Braa & Sahay, 2012). To avoid such situations,
it is essential to minimize the amount the data included in such reporting
forms, and only report data that are used for building actionable indicators.
Also, all the collected data should be available in one, integrated HMIS,
and not spread across non-communicating systems.

Another challenge for HMISs is the “design-reality gap” (Heeks, 2006),
a situation where a software may be developed correctly according to a set
of specifications, but the specifications do not express actual usability to
the end-user of the software. This often happens in developing countries,
as elaborated in 4.6 on page 41.

2.2 Logistics Management Information Systems

According to a report from the United Nations Commission for Lifesaving
Commodities for Women and Children, there are several challenges that
prevent women and children from accessing and using appropriate,
medical health commodities (UNCoLSC: UN Commision on Life-saving
Commodities for Women and Children, 2012). The first barrier is an
insufficient ability to supply high quality health commodities. Second,
there is an inability to effectively regulate such commodities. Third, there
is a lack of access and awareness of how, why and when to use them,
resulting in limited demand. An effective supply chain, paired with a
logistics management information system, can help combat these issues.

2.2.1 Medical Supply Chain

Health programs are initiated to establish the processes, activities and
systems that ultimately lead to better health services. Enabling these
processes, the medical supply chain is responsible for delivering the health
commodities to the right places at the right time. The supply chain is
the composite system of organizations, people, activities and routines
that ensure the commodities are delivered all the way from the global
producer to the consumer of the product. Within a country, the supply
chain is responsible for delivering commodities from national warehouses
to the local health facilities. This includes logistical purposes such as
planning the most efficient delivery route, the kind of vehicles used
for transportation and how temperature sensitive vaccines are stored till
consumption. Health programs depend on these vaccines and other,
medical commodities, so without a sufficient supply chain, they are unable
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to perform. As explained by Yadav (2015), “ineffective supply chains
weaken the overall health system’s ability to respond to the healthcare
needs of the population and put treatment programs at risk”.

2.2.2 A Patchwork of Information Systems

At the national and local level, the supply chain is often paired with
an LMIS, which is used to support the various processes regarding
distribution and resupply of health commodities. Bergum, Nielsen, and
Sæbø (2017) identified that these kinds of systems are not well defined and
vary slightly between organizations. In an interpretive case study on the
architectural patterns of LMISs in Tanzania and Uganda, the authors found
the term captured a “patchwork” of different information systems used
at different levels of the supply chain. At its most comprehensive, this
included the global producers of health commodities, but the term could
also refer to the systems used for managing commodities at small health
facilities.

In a document from the USAID, DELIVER project (2006), an LMIS is
defined broadly as a system that “collects, processes and reports logistics
data”. In a newer definition from 2011 (The USAID | DELIVER PROJECT,
2011), they emphasize the difference between the supply chain at large and
LMIS, stating that “the supply chain includes global manufacturers and
supply and demand dynamics, but logistics tend to focus more on specific
tasks within a particular program health system”. In the World Bank’s
Handbook on Supply Chain Management for HIV/AIDS Medical Commodities,
they focus on the latter description. While these guidelines are created
for HIV/AIDS commodities, they do contribute to the general notion of
LMIS1, emphasizing needs such as information on stock status, day-to-day
management of commodities and forecasting (World Bank, 2004).

In this thesis, I will use the more restricted definition of an LMIS. Thus,
an LMIS is used to solve logistical tasks within a particular health program.
Mainly, its responsibility is to ensure the health programs are never out
of stock, and that the commodities are distributed effectively between the
patients who need them. This can be done by reporting commodity usage
at the health facilities, monitoring and balancing commodity distribution, and
forecasting the number of commodities needed at each unit based on historical
usage.

Recognizing the issues presented by UNCoLSC: UN Commision on
Life-saving Commodities for Women and Children (2012), an LMIS directly
targets the first two challenges. It may improve the ability to supply high
quality health commodities, and ensure they are effectively distributed
among the health facilities in which they are needed. The third challenge,
regarding education in “how, why and when to use them”, must be
targeted through socio-technical design, training through workshops and
similar techniques.

1It is, however, important to note that each commodity may embed distinct features,
such as being extra prone to high temperature or having an especially short shelf life.
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2.2.3 The Role of Mobile Solutions

At the lower levels of health care, mobile communication is often used as a
supplement to the LMISs, both through formal and informal communica-
tion channels. As an example of more ad hoc solutions, Bergum et al. (2017)
found that in both Tanzania and Uganda, several health facilities used the
WhatsApp mobile messenger application to communicate stockouts and ar-
range trades between facilities. If a facility found themselves stocked out
on a certain facility, they would ask the neighboring facilities if they had
any to spare.

Some countries have adapted more formal solutions. The UN report
shows that mHealth solutions “... have led to improved forecasting and
stock-out reporting (e.g. cStock, SMS for Life and ILSGateway), as well
as increased demand and care-seeking associated with texting of health
information and appointment reminders”. For instance, mHealth solutions
allow a health worker to report of a stockout instantaneously, either per
SMS or by using a smartphone application. Mobile solutions also allow
villagers to receive an SMS when their appointment is coming up, so that
they do not miss important events such as vaccinating their children. These
solutions couple well with the increasingly common mobile network and
-data infrastructure emerging in developing countries. With phones and
tablets becoming more widespread, these can certainly support the central
activities of an LMIS.

2.2.4 Commodity Forecasting

Commodity forecasting is the act of calculating the estimated usage of
commodities needed for the next delivery period, based on historical usage
data. A delivery period is the time frame from one delivery of health
commodities to the next. Typically, the delivery truck visits each health
facility on a monthly or bi-monthly basis, and the delivered commodities
thus need to last until the next period.

Forecasting is generally deemed an important feature to an LMIS. In
order to distribute the available commodities where they are most required,
it is useful to estimate the required amount for each health facility or unit.
For instance, a health facility will want to receive enough commodities to
stay stocked during the next period, without having to throw any left-over
commodities that may expire if kept much longer. Commodity forecasting
requires a certain empirical history of previous commodity usage, so the
LMIS should already include at least a few periods of usage data.

The formula for commodity forecasting can include the current stock
level, commodity wastage factor and capacity of service delivery, labora-
tory and the supply chain at large (World Bank, 2004). A disadvantage
of depending on previous supply periods is under-estimating the actual
need, especially if due to stockouts. If the health unit is out of commodi-
ties, missed opportunities of medication or vaccination are not necessarily
taken into account. To accommodate this lack of data, more complex esti-
mation techniques are required, in exchange for more precise data.
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2.3 District Health Information System

2.3.1 About DHIS

“DHIS2 is a free and open source software platform for the collection,
management, analysis, and use of health data” (Jørn Braa & Sahay, 2017).
Rather than a sole software product, DHIS2 is part of a larger software
ecosystem. While the software core is developed and maintained by the
University of Oslo (UIO), the District Health Information System (DHIS)
platform is the result of a joined effort between multiple university groups,
NGOs, health authorities and other actors. This network of actors is known
as the Health Information Systems Programme (HISP). As of 2018, the
DHIS is used in over 60 countries, either as part of a pilot project, integrated
in other systems or as the country’s national HMIS. The project is available
and evolving as several modules on GitHub2, which means anyone can
inspect the open source code. Also, anyone can fork3 the software, or
download and modify the code to their own needs.

DHIS was originally built in South Africa, following the end of
Apartheid in 1994. At the time, the health system in South Africa suffered
by “extreme fragmentation due to the previous segregated health systems,
which were divided between racial groups and independent “homeland”
administrations.” (Jørn Braa & Sahay, 2017). In order to address this
problem, the University of Cape Town and the UIO created the District
Health Information System. The software started as an application based
on the Microsoft Office platform, and would “provide health care workers
within poor townships in Cape Town with basic information to deliver
better health services to the local population”. After a successful pilot
project in a few districts, the project scaled to two provinces and was
eventually implemented nationwide in year 2000.

Following the initial implementation in South Africa, the DHIS project
quickly gained momentum in other countries. However, many stakehold-
ers regarded the software as inaccessible and outdated, still being built on
top of the Microsoft Office platform. In an attempt to address this and gain
further traction, a second version of the software was developed by the
University of Oslo, using the newer Java technology. As of february 2018,
the software is on version 2.29, with a release cycle of three times a year. In
this thesis, if not stated otherwise, DHIS refers to the second version of the
software (DHIS2), with no regard to subversion.

The first version of DHIS was built with a set of key design principles
that are still relevant today (Jørn Braa & Sahay, 2017). The very first
principle states that the software should be made on a flexible metadata
model. Users should be able to change the underlying metadata and
manage it to their needs, directly in a user interface and without the need
for programming. Say the user wants to customize DHIS2 for health
commodity management. In the flexible metadata model, the user should

2www.github.com
3Forking is when a developer takes a copy of a code base and develops it further,

independently of the original code.
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themself define how a health commodity should appear throughout the
system, and what properties it should contain. In this fashion, similar
to methodologies in object-oriented programming, the user maps real-world
entities to virtual representations. This is an important trait to the generic
aspect of DHIS. In recent versions of DHIS2, the Maintenance app supplies
an interface for customizing such metadata.

The main feature of DHIS is how data can be aggregated and used in
decision-making. Once the metadata is configured to reflect the real world,
users can begin entering data into the system. As shown in Figure 2.2, data
is represented using three dimensions – the what, when and where. The what
corresponds to internal data elements, using data types that are typical for
a relational database such as text strings, numbers or data objects. The
when dimension is represented using periods, typically corresponding to
a day, week, month or year. Finally, the when dimension is represented
using a hierarchy of orgization units, often with health facilities as the end
nodes. In total, there are a lot of different metadata types, of which some
are explained further in section 2.3.3.

DataValue 

DataElement 

Source 
(OrganisationUnit) 

Period 

N

N

N

1

1

1

Figure 2.2: Data dimensions in DHIS2. Remake of illustration from
DHIS2, 2018a.

2.3.2 Platformization

The architecture of DHIS2 is composed of multiple, semi-modular compo-
nents. Resembling a monolith4, the core runs on various Java technologies
and controls most of the logic. The core is closely coupled with an SQL
database for persisting incoming data. It also serves a web API using the
REST standard5, which is the default interface to all communication with
the database. Web- and mobile applications use this API to deliver func-
tionality to the end-user. Currently, the Java core serves a number of web

4In software engineering, a monolithic application “consists of a single application layer
that supports the user interface, the business rules, and the manipulation of data all in one”
(Microsoft.com, 2018).

5Representational State Transfer (REST): “An architectural style that defines a
set of constraints and properties based on HTTP” (https://en.wikipedia.org/wiki/
Representational_state_transfer).
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applications, but most run independently of the core, using the API exclu-
sively. Figure 2.3 shows a high-level illustration of DHIS2’s components.

There’s an on-going process of moving all applications out of the core.
In the latest 2.29 release, the common Dashboard app was rebuilt with
modern web frameworks and decoupled from the core. Also, the Maps
app and multiple, smaller applications went through the same process.
Eventually, all end-user functionality will be served with this independent
web- and mobile applications. Ultimately, the core team at UIO wants to
abandon the monolith core and rebuild the system with microservices, which
requires a full decoupling of embedded apps. Such a modular approach
would be less prone to errors, easier to expand and much more effective
to develop6. A microservices-based core would not only be much quicker
to build, but also easier to run among multiple computers, distributing the
processing power for large-scale implementations.

Decoupling the web applications is also a strategic step as DHIS2
moves towards being a software platform. By creating the web application
programming interface (API), and using this for all future applications, the
HISP community increasingly encourages third-party developers to create
their own apps. These can either be specific to one implementation, or
made to accommodate the metadata so that the application itself becomes
usable across different implementations. Such generic apps can be posted to
a special app called the App store7, making it available for the community
to download and use in any DHIS2 instance, regardless of metadata
configuration. The notion of software platforms and their ecosystem is
further explored in section 4.

Figure 2.3: Components in DHIS2.

2.3.3 Design and Architecture

Core Components

As mentioned in section 2.3.1, DHIS2 is mostly based on metadata
structures, and this also applies to the primary data dimensions. The what-

6Currently, on a relatively modern computer with an Intel Core i7 processor at 2.2 Ghz, it
takes approximately 06:03 minutes just to build the core.

7Available at https://play.dhis2.org/appstore/
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and where dimensions are captured by data elements and organization units.
These can be further organized into groups, and even further into group
sets. For instance, a community health clinic can be organized into the
public facilities group, further sorted by the public type of facility ownership.
The where dimension is actually not represented as a metadata element,
but as a timestamp. Hence, when data elements are aggregated, the client
application must include some logic to filter the data on a certain period.
In the core data aggregation apps, such as the Pivot table app, the Maps app
and the Visualizer app, the user can choose between days, weeks, months
and many other options.

There are lots of other structures, such as the category metadata. For
instance, the user can create a sex category, with male and female being
the two possible category options. Category combinations are used to create
combined groups, such as females below 15 years of age. This sort of filtering
is commonly used when aggregating data in tables and charts. The indicator
is another metadata structure used in data aggregation, highly regarded
in literature on HMIS as an effective way of representing information
(Jørn Braa & Sahay, 2012). For instance, in an area plagued by malaria,
the user can define an indicator stating the percentage of pregnant women
using insecticide-treated bed nets, using a combination of previously collected
data elements. With the Maps (GIS) application, this information can be
organized in a map, showing differences between regions or districts.

The validation rule is important for ensuring collected data keeps a high
quality. Data quality is essential for an HMIS, because bad data quality
impacts the effectiveness of decision-making. By validating entered data
using a set of rules, the system can spot strange or implausible data values
and notify the relevant personnel. Figure 2.4 shows the most common
metadata elements in DHIS2 and how they are structured in relation to
each other.
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Figure 2.4: Essential metadata components in DHIS2 (thick border)
with their closest relations. The brackets show an example of what
such an element may represent.

The predictor is a relatively new metadata model, implemented in
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the DHIS2 core around August of 2016 (Github.com, 2018b). As with
validation rules, predictors examine the database for empirical data and
does some form of calculation on these. However, they add another layer
of complexity. While validation rules merely compare the data to some
baseline or other data element, predictors will estimate future values based
on previous ones. By selecting a set of previous periods (typically weeks,
months or years), the user-created formula will pick the relevant values
from each period and predict how future values may look like.

For instance, predictors may be used for disease surveillance. Say that a
user wants to estimate the monthly presence of malaria in a certain district.
The user creates a formula that, for each month, fetches the number of new
malaria cases. By using the Annual sample count attribute, the user may
specify that he wants to use the two previous years as empirical samples.
The formula is specified to compute the average of each monthly value. He
knows that during the malaria season, there’s a natural higher occurrence
of the disease, so he chooses to ignore these months using the sample skip
test attribute. For each month, the predictor will now generate a new data
value, containing the expected, baseline number of malaria cases for the
next month. Because these numbers are stored in ordinary data elements,
they are usable across DHIS2 as any other value.

Combining the various structures can result in a large number of
different configurations. The idea is that when an organization wants to
introduce DHIS2 as an information system, the employees will not need
to adjust their work flow in any disrupting way. Rather, the system is
configured according to real organizational routines, configurations and
existing software systems. DHIS2 comes with a variety of tools for
integration with other systems, such as synchronizations features that pulls
data from external sources and translates it to data DHIS is able to parse.
The web API allows for data flow in the opposite direction – that external
systems pull data from DHIS2.

The previously described metadata structures should suffice when
aggregating ordinary, raw data in the dimensions of what and where.
When the data to collect is simply a number, text string or a selection of
available options, the process of data collection, aggregation, analysis and
presentation is not very complex. However, this type of data aggregation
is rarely able to manage processes. If the aspect of time and order is
closely related to gathered data, it quickly becomes bothersome using data
aggregated in this form. That is why in later years, DHIS2 has introduced
another type of data collection, managed in what is called the Tracker
module8.

8A note regarding the “module” annotation. As mentioned, the DHIS2 Core is currently
one, great Java application, so there are no true, loosely coupled modules in the core. Yet,
the notion of a set of features in the core can be abstracted into modules when this makes sense
at a certain abstraction level.
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Tracker Module

HISP initialized the Tracker module in 2008 (Gammersvik, 2015). India was
the first to request such a feature, as they wanted a way to track patients
through health clinic visits. In response, HISP India created the Name
Based Information Tracking System (NBITS). The system was designed
from analyzing requirements in India, and was based on a program-stage-
model. In this model, an individual, i.e. the patient, may have several
visits (stages) during the length of a larger health program. According to
Gammersvik (2015), even though the system was designed according to an
indian model, HISP attempted to make the solution generic “so it could be
used in other contexts as well”. However, NBITS was not integrated closely
with DHIS2 and operated as a standalone system.

Starting in 2011-2012, the system was developed further as an integral
DHIS2 module (Gammersvik, 2015). Using requirements gathered mostly
in Uganda and Ghana, HISP developed the system to accommodate more
use cases. However, following its release, some countries needed to track
other things than patients and persons, e.g. lab samples. Therefore, the
DHIS2 core team decided to make the Tracker even more generic. In 2014,
the system included the Event Capture app for recording single events,
dissociated from any identifiable entities. Eventually, the Tracker capture
app was released in 2015, providing the means to track any identifiable
entity between several stages of a program. The two modules also
expanded the web API to provide the new Tracker functionality to all
developers and applications.

Figure 2.5 on the next page shows an overview of the current (DHIS
2.29) Tracker module. Only the most essential components are included,
and the figure only shows the metadata. It’s important to emphasize
that when real data is entered in DHIS2, the data is associated with an
instantiated object. The metadata acts merely as a template of how collected
data is structured. For instance, let’s say a new patient is registered in
a Tracker health program. The program metadata contains a tracked entity
type object, which knows that an entity of the person type stores the entity’s
name, associated health facility, any relationships etc. When the patient is
enrolled in the program, a new program instance is created in the database,
and the patient’s attributes are stored in this new object as tracked entity
attribute values. For each new patient enrolled in this health program,
an additional program instance is created, using the program metadata as
a template. The metadata remains untouched, and is only configurable
through the aforementioned Maintenance app or by using the web API.

Acknowledging the difference between the Event Capture and Tracker
Capture apps, the web API also provides two different programs; programs
with registration (“tracker programs”) and programs without registration
(“event programs”). While event programs are limited to one program
stage, tracker programs can have multiple ones. The latter also supports
a range of additional attributes required for tracking an entity through
the program. Some or most of these tracked entity attributes are added
automatically based on the chosen tracked entity type, whether it’s a person,
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Figure 2.5: Tracker module in DHIS2 with the most important
components and how they relate. Gray text shows example values
for a fictitious ’Child programme’ tracker program.

lab specimen or even health commodity. Figure 2.5 shows (with examples
in gray text) how such attributes are associated with the program, but also
how the generic template of a tracked entity type makes them usable across
programs.

In the model, each program stage contains a list of program stage data
elements that are captured during that stage. The data entry process can
be tweaked in a number of ways. One simple option is to reorder the
data elements by changing their sort index. Another option is to group the
elements into logical program stage sections. For instance, given a child
vaccination program containing a stage for tubercolosis vaccination, one
section can contain key data on the child, e.g. the child’s weight and the
other section may concern the actual vaccination process, like the BCG
dose. A third alternative is to create a custom data entry form with HTML.
This is often used, not only in the Tracker module but also in other data
collection processes of DHIS2, to mimic a previously paper-based form.
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This way, data entry feels familiar to the health worker or data clerk in a
newly digitized routine and may help reduce the number of errors.

Both event- and tracker programs can be designed to send notifications
at certain events. For instance, using the child vaccination example, the
child’s mother can receive an SMS when it’s time for the first immunization
visit. Notifications can be attached to the main program (only applicable to
tracker programs) and embedded program stages.

There are two more features, available to both event- and tracker
programs. Program indicators can be used to calculate aggregated data on
programs, and work similarly to ordinary indicators, except the source
data comes from programs. At last, programs can be made more dynamic
by using program rules and program rule variables. These are used to show
or hide fields in the data collection tool/application, based on the current
collection state or previously entered data.

2.3.4 Mobile Applications

The core developers at the University of Oslo has developed a set of
official mobile applications for DHIS2. The applications run on the Android
operating system and are thus available through the official Google Play
application platform. There are three data collection apps; The Data Capture
app for collecting ordinary, aggregation-based data, the Event Capture app
for entering data in an “event program” and the Tracker Capture app for
capturing data related to a “tracker program”. In addition, there is a
Dashboard app for displaying aggregated dashboards on a mobile unit.

These apps were originally designed and developed by a four-man
team at UIO. However, due to rapidly increasing requirements from the
DHIS2 community, the board members at HISP UIO eventually realized
they had to change their mobile strategy. The core team could simply
not deliver the expected functionality in time, so in the summer of 2017, a
decision was made to gradually stop development and support for the old
Android applications and develop a new, improved application. This effort
is led by a Spanish development team, and the first version is expected to
release during the summer of 2018.

The main application will gather the functionalities from the Data
Capture, Event Capture and Tracker Capture apps into one package (DHIS2,
2018b). The application is tailored for health workers, and is being built
with each feature prioritized according to a large survey conducted prior
to development. A new software development kit (SDK) will handle
metadata synchronization with the server and ensure the collected data is
persisted until a stable network connection successfully pushes the data to
a cloud solution. Both the main application and the supporting SDK are
developed with Java as native Android solutions.

2.3.5 Flexibility

As briefly mentioned in section 2.3.1 on page 10, DHIS2 offers a partially
flexible metadata model that lets the user customize the system to fit a

17



Figure 2.6: Old DHIS2 apps in Google Play.

particular setting. This can be done through the graphical Maintenance
app or by using the web API, given the user has the right permissions.
Figure 2.7 shows a screenshot of how it looks when navigating through
a pre-configured DHIS2 instance. The Maintenance app was recently (as per
DHIS 2.29) updated with the ability to manage “tracker programs”, which
would previously be done through the web API. Figure 2.8 on the facing
page shows the second step of a tracker program creation, where details of
the program’s enrollment mechanism is entered.

Figure 2.7: Screenshot of the Maintenance app in DHIS2.

In a sense, DHIS2 offers multiple layers of flexibility. The metadata
model lets the implementer configure how the system should be structured,
and how the various components should relate to each other. For instance,
a validation rule decides the constraints of a specific data element. Another
kind of flexibility is offered through the web API, which lets developers
create custom apps that communicate with the Core and underlying
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Figure 2.8: Entering enrollment details in a Tracker program.

database. By creating custom applications, an instance of DHIS2 can be
made to look entirely unlike any other instance, even though the cores may
share the same source code. Such custom applications can be downloaded
from the App store when needed. A third kind of flexibility is offered as
a result of DHIS2 being a free and open-source software (FOSS). Nothing
hinders a developer from modifying the source code itself, and even forking
the project.

2.4 Using DHIS2 as an LMIS

Several countries that are using DHIS2 as their national HMIS have also
implemented some form of LMIS in the software. Nigeria, Zambia, Kenya,
Uganda, Tanzania, Sierra Leone and Rwanda are all examples of countries
where the software has been expanded to meet functionality from the
logistics sector. Uganda and Sierra Leone have both use a comprehensive
commodity management system to replace the current reporting forms. In
Kenya and Rwanda, a solution known as cStock, built on top of DHIS2 is
used to report stockouts by using mobile communication. In Nigeria and
Tanzania, DHIS2 is used to report stockouts per SMS. Table 2.1 shows an
overview of the current, known solutions.
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Country Implemented Tested

Nigeria Reporting of stockouts per SMS Android-based solution with daily
stock updates from Community
health worker (CHW).

Zambia Electronic Immunization Register
using the Tracker module.

Kenya Commodity forecasting using
Predictors- and Tracker modules

Uganda Complete commodity management
using reporting forms.

Complete commodity management
using Tracker.

Tanzania Small set of tracer-commodities.

Sierra Leone Complete commodity management
using Tracker.

Rwanda Commodity forecasting with SMS
reporting.

Table 2.1: Implementations of LMIS functionality in DHIS2.

There are software packages on the market that is made specifically
as an LMIS, such as OpenLMIS9 or mSupply10. eLMIS is an open-source
LMIS made by the Ministry of Health and the Ministry of Community
Development, Mother and Child Health in Zambia and the Ministry of Health
and Social Welfare in Tanzania, in collaboration with United States Agency
for International Development (USAID) (WHO, 2018a). Yet, there are
multiple reasons why some countries rather choose to expand DHIS2 into
the domain of logistics.

First, it is useful to integrate the main HMIS with the LMIS. The end
goal – improving health services – is the same for both types of systems, so
it is natural that they need access to some of the same data. For instance,
both systems require detailed population data in order to create meaningful
indicators. Integration between the HMIS and LMIS can be challenging
with two different systems, but if the systems are the same, this process is
not needed and data can flow freely between the two domains.

Second, system training and education can cost a lot of time and
money, especially if the employees need to learn a whole new system
with an unfamiliar GUI. A special trait with an LMIS is that since it is
often very tightly integrated with the HMIS, the health workers using the
HMIS are often the same people using the LMIS. If these health workers
are already trained in using DHIS2 for their day-to-day workflow, the
additional training required for managing LMIS-like functionality may not
be much. The program flow, interface for web applications and even
mobile applications on an Android phone may be very similar to that of
the HMIS, except for the actual data entry fields. This notion of familiarity

9See http://openlmis.org/about/ for more information.
10See https://www.msupply.org.nz/

20



is also relevant for other parts of the health system. As with the HMIS,
data on health commodities or other data coming from the LMIS can be
aggregated and analyzed in a regional or national view. If the metadata
is configured properly, the Pivot table app, Maps App and other graphical
visualizations can be used to create dashboards in the same way as is
common with health data in DHIS2.

As mentioned in section 2.3.3, DHIS2 is very flexible in terms of
designing the metadata model. With no or little programming, a super
user can create an LMIS within the system. A configuration should surely
be designed with great planning, but nonetheless, the tools are served out-
of-the-box. As described by Bergum et al. (2017), the supply chain for a
country is often composed of a patchwork of various systems. By expanding
DHIS2 into the domain of logistics, one might expand the system to fill the
missing functionality of other systems.

This feature is enhanced with the ability to create custom applications
for DHIS2 using the web API, i.e. the interface supplied by the core for
other, third-party applications to use as required. If the proposed LMIS
requires a specific and complex functionality, one can create a special
application just for this purpose. With the open nature of DHIS2, being
both free and open-source, one can even modify the source code of existing
applications to suit any special cases with a newly designed LMIS.

2.5 Summary of Background

This chapter has presented the systems, architecture and contextual
challenges the rest of this thesis builds upon. First, I introduced the
numerous health challenges present in developing countries, and argued
how an HMIS may help to solve these problems through evidence based
decision-making. Next, I gave an introduction to the domain of logistics,
and how an LMIS may support crucial parts of the supply chain. The
concept of an LMIS is not strictly defined, so I narrowed the definition
to include stock-related activities on a health facility level and below,
including health commodity management, stock reporting and commodity
forecasting. The role of mobile phones were emphasized as an increasingly
important component in supporting these operations.

Furthermore, the history, architecture and design of DHIS2 were
presented, with an additional emphasis on the inner workings of the
metadata model. After examining the model’s many modules, including
the process-oriented Tracker module and predictors, and the web API that
enables development of custom applications, I explained how the system’s
flexibility enables a wide variety of implementations to emerge. Some
such solutions were presented, namely countries that have expanded their
instance of DHIS2 to act as an LMIS.
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Chapter 3

Research Approach

The following chapter will introduce the research approach and method-
ologies used in this thesis. I will begin by introducing the research context,
being part of the larger HISP community at the University of Oslo. Next,
I will give an overview of the research method and the cases selected for
evaluation. I will also present the data collection methods used to gain a
larger understanding of the cases and their contexts. Next, I will give a brief
overview of how the data is analyzed in regards to the research paradigm.
In the last section, I present a few reflections regarding the research ap-
proach and challenges faced during the work on this thesis.

3.1 Research Context

This thesis is written as an addition to the larger body of research con-
ducted at the information systems group, University of Oslo. Furthermore,
it is in part a contribution to the HISP community, whose mission is to
strengthen health care in developing countries through support, develop-
ment and implementation of the DHIS2 software. Today, DHIS2 is used
in over 60 countries, each using the software in a different context. Health
care is dependent on a multitude of factors, including the country’s infras-
tructure, economical situation and institutional hierarchy, and the imple-
mentation must take all of this into consideration.

Some countries have expanded DHIS2 to include use-cases from the
logistics sector. Given the focus of this thesis, I will select a number of
such cases and examine the process of reappropriating the software to this
domain, which is previously unknown to the software’s metadata model.
Section 3.2.2 on the next page will further argue how and why these exact
cases are selected.

As a part-time developer on the DHIS2 project, I had a prior, technical
understanding of the software before starting the work on this thesis. I
was quite familiar with the web API, and knew most parts of the metadata
model. Yet, this knowledge came short when attempting to analyze these
implementations in the larger, socio-technical context. Because DHIS2 is
made as a half-product, each instance is heavily affected by the contextual
conditions in the country of implementation. Thus, each implementation
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must be analyzed in light of the existing, installed base.

3.2 Methodology

3.2.1 Collective Case Study

Recognizing the complex, contextual settings these systems operate within,
I will conduct a qualitative case study of the implementations. This approach
will ensure the systems are investigated in subtle detail, both as social- and
technical systems. By using a number of different data collection methods,
the cases are investigated not under one, single lens, but rather through a
“variety of lenses which allows for multiple facets of the phenomenon to
be revealed and understood” (Baxter & Jack, 2008). Qualitative research
methods are originally developed for social sciences, to enable researchers
to study social and cultural phenomena (Myers et al., 1997). Fittingly, the
same methods can be applied to information systems research, given the
socio-technical aspects of such systems. The case study approach typically
explores how- and why questions, in line with the research question of this
thesis.

There are several variants of the case study. Baxter and Jack (2008)
presents two variants that are suitable when the source data is gathered
from multiple, independent sites. Presented by Yin (2003) and Stake (1995)
the two methods are used interchangeably, namely the collective case study
and multiple-case study. In this thesis, I will use the former term, conducting
a collective case study. This research approach enables the researcher to
“explore differences within and between cases” (Yin, 2003). In my case, I
want to examine both how DHIS2 is used as an LMIS within the country’s
contextual conditions, and how the cases differ. With such an analysis, I
will examine how the flexible nature of the DHIS2 is used and later apply
my findings to theory from relevant literature.

3.2.2 Empirical Basis

Yin (2003) notes the importance of selecting the cases carefully. I
have already established the first requirement, that a country’s DHIS
instance is used as an LMIS. With the previous definition of LMIS from
subsection 2.2.2 on page 8, we want cases that include some form of
health commodity management or stockout management. Furthermore,
it is important that I am able to gather enough information on the countries
and their implementation to make confident observations, while keeping
the work within the thesis’ scope and limitations.

The empirical basis of this thesis come from three carefully selected
cases. The first case is what originally drew me towards the topic of generic
information systems and the notion of using an information system for
another domain than that of its origin, and regards an implementation
of DHIS2 made for health commodity management in Uganda. The
project started as a collaboration between two students at the University
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of Oslo and the HISP group in Uganda but was implemented solely by the
students.

Once I had examined the case in Uganda thoroughly, I wondered if
there was other cases where DHIS2 was used as an LMIS. After meeting
with three researchers and implementers at HISP UIO, I learned there was,
in fact, a larger number of countries attempting to expand the software
in this direction. All known cases are listed in table 2.1 of section 2.4 on
page 19.

I conducted an initial evaluation of all these cases, focusing both on data
availability and my own definition of an LMIS. First, if I were to analyze
these cases in great detail, I needed a corresponding amount of qualitative
data. Multiple cases were quickly disregarded on this basis, mostly because
neither I nor my contacts at HISP UIO were able to reach a contact with the
required data in a reasonable amount of time. The currently used, full-stack
LMIS in Uganda initially deemed a promising case, but was disregarded
due to data availability issues. These are further explained in section 3.5 on
page 31.

Second, the cases needed to fit my definition of an LMIS. For instance,
I contacted a professor at the University of Dar es Salaam regarding the
case in Tanzania, knowing little of the system beforehand. In an email
exchange, he enthusiastically expressed his willingness to support my
research. However, he emphasized the implementation in Tanzania did not
use DHIS as an LMIS – rather, they use another system known as eLMIS.
DHIS2 is only used to report a small set of tracer commodities, which did not
fit neither the researcher’s nor my definition of an LMIS.

Out of all known implementations, two cases, in addition to the stu-
dent’s implementation in Uganda, were found to fulfill both requirements.
The second case is situated in Kenya, where the cStock system, imple-
mented on top of DHIS2, will ensure the local community health volunteers
(CHVs) are stocked on crucial health commodities. The third and final case
is situated in Zambia, where DHIS2 was expanded to immunization- and
stock management at the local health level. These were chosen primarily
because of the great amount of documentation and resources I was able to
access. The data collection methods are further described in section 3.3 on
the next page. Table 3.1 on the following page shows a summary of the
cases that did not fit my requirements, or had to be disregarded for other
reasons.

3.2.3 Limitations of Methodology

A case study has a number of inherent limitations, one of which is the
ability generalize its findings. Generalizing the results may be difficult,
because you are looking at very specific situations. I do not believe that the
implementations examined in this thesis are transferable to other settings
with the same result. Yet, I do believe the argument Walsham (2006)
presents regarding generalizability. The data collected in the case study can
be turned into contextual descriptions of the implementations, and these
descriptions can be used to create a theory that explains the findings. Any
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Site of implementaion Description Reason for disregard

Nigeria Android-based solution with
daily stock updates from
CHWs.

Tested back in 2014, newer
solutions were available.

Rwanda Commodity forecasting with
SMS reporting.

Only tracer commodities,
minimal scope.

Sierra Leone Complete commodity
management using Tracker.

Perceived too difficult to
gather enough data within
the thesis’ time scope

Tanzania Small set of
tracer-commodities.

Reporting only, no
forecasting.

Table 3.1: Disregarded candidates for case study.

resulting theory may in turn be used in other, similar contexts, which may
confirm or amend parts of it.

3.3 Data Collection

The empirical basis of this thesis includes a combination of documentation,
reports, interviews and informal discussions. The general notion of each
country’s setting and DHIS2 usage was gained during two meetings
with HISP implementers and researchers. More detailed information
was gained by exploring reports, meeting notes, field notes, technical
documents and semi-structured interviews with implementers from HISP
that has been working with the projects themselves. The full list of data
structures is shown in table 3.2 on the next page.

Continuing this section on data collection, I have organized the methods
by country. Beginning with Zambia, I will introduce the empirical basis for
analyzing the implementation, and further repeat the process with Kenya
and Uganda.

3.3.1 Zambia

One of the HISP implementers from the initial meetings worked closely
with the project in Zambia. He is also a researcher and has been involved
in implementations and research on DHIS2 in a number of countries for
several years. He has also co-authored a few papers referenced in this
thesis.

I learned about the Better Immunization Data (BID) initiative in Zambia
during the second meeting with the HISP implementers and wanted to
pursue this project as a case based on the small description I was given
and the availability of data. Thus, I conducted a second meeting, an open-
ended interview where I learned the context and motivation behind the
project. Further, the implementer granted me access to a Google Drive folder
that was shared between the different stakeholders.
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Source Description

Database dumps Complete database dumps of a development instance used in
Zambia.

Emails Communication with HISP members in Norway, Uganda and
Tanzania.

Instant messaging Used for informal discussions.

Interviews With DHIS2 implementers.

Manuals DHIS2 end-user- and developer manual, other manuals.

Meetings With HISP UiO team members.

Documents A large amount of documentation from projects in Zambia and
Kenya.

Research articles Mostly previous HISP research and PhD theses.

Seminars HISP UiO Training Seminars, DHIS2 Expert academy, WHO
Standards seminar

Source code Source code and history of DHIS2, tools in Uganda project

Web applications DHIS2 web applications for all projects.

Table 3.2: Overview of data sources.

The folder contained a large number of documents that was used as the
primary source of data for the case study in Zambia. One of the documents
was a Request for proposals from UIO and PATH, the NGO supporting
and sponsoring the project. Another set of documents described the
initial project plans and roadmaps, as well as notes from the initial
kick-off meeting between the central stakeholders. A condensed list of
documentation follows:

• Request for proposal by PATH and UiO

• Project plan and roadmap

• Slides, plan and notes from kick-off meeting between central stake-
holders

• Identified requirements/requested functionality and user stories

• Description of metadata model as Excel tables

• Notes from initial field visit and testing with feedback (UiO)

• User manuals by the Ministry of Health, Zambia

• Lessons learned from the project (UiO)

Some documents described the metadata model, but there were also
database dumps from the development instance of DHIS2, containing the
whole configuration of the software. The database dumps were used to
reconstruct the metadata model in a local instance of the software, so that
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the model could be viewed via the web API.1 The Tracker-based models
could also be viewed graphically via an updated version of the Maintenance
app.

The shared folder also contained a couple of Android apps. One app was
based on the core Android app made by UIO. The other app was custom
made for the project and delivered more specific functionality. Both apps
were installed on my own Android phone and inspected by connecting the
apps to the reconstructed DHIS2 instance through the local network.

Lastly, I contacted the HISP implementer in an email conversation in
order to ensure my initial review of the documents were parsed correctly.
There was such a large amount of documents that I wanted to double
check my own assumptions before analyzing the implementation further.
This conversation also gave me additional insight about why the project
was eventually stopped in favor of another attempt with another software
package.

3.3.2 Kenya

The first meeting with the HISP implementers was held by a core back-
end developer for DHIS2, who presented the LMIS project in Kenya. In
order to pursue this project further, I was advised to contact another
HISP implementer that had also worked closely with the project. Having
little information on the case beforehand, I conducted a semi-structured
interview with the implementer, with only a few, open-ended questions
prepared. Nonetheless, he was willing to introduce the case thoroughly
to me. The inverview resulted in comprehensive knowledge about the
contextual conditions in Kenya, the issue they were trying to solve with the
imlementation and how the system worked in practice. He also sent me a
number of documents explaning the various user roles in the system, their
workflow and the system’s functionality. A list of documentation follows:

• Community Health Volunteer (CHV) Intenvory Control Card

• cStock Trainers Guide

• cStock SMS descriptions

• cStock Manual for Community Health Assistants (CHAs) and CHVs

• Community Health Unit (CHU) Re-supply Worksheet

The project in Kenya is still ongoing, and they use a development server
to design, implement and test new functionality. I was given access to
this DHIS2 instance, with super-user permissions so that I could properly
examine all details of the metadata model and how it related to the various
modules. With the login credentials, I accessed the web API to retrieve
the metadata model, and I also exported the metadata to a local JSON

1The web interface was locked behind a login screen. In order to gain access, I copied the
hash value of the administration account’s password from another, local DHIS2 instance and
injected it directly into the database itself, replacing the existing super-user’s hash value.
This way, I was able to log in with my own instance’s password.
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file in case anything happened with the development server. The server
ran an older version of the Maintenance app, without the graphical Tracker-
representation mentioned in the case of Zambia, but I could still explore the
single program stages graphically with the older Event representation.

3.3.3 Uganda

The basic knowledge of this case was gained through two meeting with
the students who had created the implementation in collaboration with
HISP Uganda. During the first meeting, I was introduced to the contextual
situation in Uganda and some of the problems related to logistics and the
supply chain at large. The second meeting was mainly arranged between
me and the back-end developer of the project to get an insight in the
technical implementation of the LMIS. We went through the tools used to
generate the metadata model, as well as issues and limitations with the
implementation.

After the second meeting, I was also granted access to a developer
instance of DHIS2 the students had used during design, development and
testing of the LMIS. The source code for the tools and applications were
published openly to GitHub, a platform for collaborative development
through the git version manager. I cloned the repository in case the
developer instance was closed, which actually happened soon after the
project was ended. With the source code, I was able to run a local instance
of DHIS2 and build the metadata model using the tools. After successfully
configuring the project, I was then able to inspect the metadata model
through the web API.

The student that developed the back-end part delivered his master
thesis in May 2017. The thesis was used to gain a deeper understanding of
the implementation’s contextual conditions, requirements for the solution,
challenges faced during development and issues with the final solution.

3.3.4 Other Sources

During the work on my thesis, I attended a number of training seminars
hosted by HISP UIO. In October 2017, there was held a seminar on using
DHIS2 as an LMIS. The seminar, led by a researcher with experience in
this topic, raised questions such as “what is the supply chain?” and “why
do we get so many questions about DHIS2 and LMIS?”. There was also
a discussion on how the community should answer these questions. The
lead developer of DHIS2 argued that at this point, he didn’t think DHIS2
was particularly suited as an LMIS.

Other than the training seminars, I have also attended the DHIS2 Expert
Academy 2017, where super-users, managers and other stakeholders meet
to share ideas, experiences and issues with the software ecosystem. This
was an eye-opener for me, as it exposed a variety of different users from
all over the world. It also helped me fathom all the different requirement
the HISP management team has to prioritize in order to keep the software
relevant for the userbase.
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In February 2017, I attended a seminar with UIO and WHO. WHO
has been working together with HISP and the core team in Oslo, to offer
standardized material in DHIS2. This includes best practices on metadata
configuration, data use and integration with other information systems.
Through this seminar, I was introduced to Metabase, an app currently in
development, that allows a super-user to browse a variety of “standard”
sets of metadata configuration. There are already some packages available
on this application. For instance, WHO has uploaded a template for a
HIV dashboard, including all supporting data structures such as indicators,
legends, categories and, of course, the dashboard itself.

3.4 Data Analysis

I have worked on this thesis with the assumption that there are no clear
boundaries between the data collection- and data analysis phases (Myers et
al., 1997), as common in quantitative research. Rather than distinguishing
these phases, I have used various “modes of analysis” to parse the data in
an iterative fashion. While I initially focused on gathering a large, empirical
basis for each case, I have analyzed this data in chunks rather than all at
once.

You can visualize the LMISs as complex puzzles, affected by contextual
factors such as their geographical position and embedded organizational
routines. The various sources of data represent different pieces of the
puzzle. I went through the pieces many times in an attempt to figure
out how the systems worked, and what put them apart from each other.
Through multiple iterations of data collection and analysis, I eventually
“solved the puzzle”.

An essential part of data analysis was to understand how the cases
utilized the DHIS2 metadata models and tracker data structure. The
metadata was exposed through the web API in pure JSON format, which
made it not only difficult to draw a mental picture, but especially difficult
to compare the models across the cases. The Maintenance app helped a little
by supplying a graphical interface to metadata management, but this was
not available for all cases because of version incompatibility.

During processes of data analysis, I often drew diagrams to support my
own understanding of the systems. I created the diagrams using a custom,
graphical modelling language, which is derived from but not identical to
UML. This language was created to ensure the diagrams looked similar
for easier comparison. Figure 3.1 on the facing page shows a sample
figure using the language. Single elements are displayed as rectangles, and
groups of elements are drawn as rectangles with a thicker border. Groups
can consist of both zero and many elements, if not specified by an optional
number label on the pointing arrow. Relationships between elements are
drawn in one of two ways; a reference, i.e. pointer to another element is
drawn with a solid arrow. Composite elements, i.e. embedded elements
are drawn with a dashed arrow. Since the web API uses the common JSON
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format, property names are typed in camelCase2 notation.

embedded 
Element 

referenceTo 
AnotherElement 

One element Multiple
elements

Another 
element

Figure 3.1: Explanation of Svalestuen Modeling Language (SML).

The illustrations also serve a second effect, as it supports textual
descriptions when presenting the cases’ technical overview. This should
improve the readability of this thesis, especially if the metadata model of
DHIS2 is not well known to the reader. The illustrations in chapter 2 on
page 5, especially that of the Tracker module, can be used to familiarize
oneself with the components and their relations so that the illustrations
presented in the case study are easier to comprehend.

3.5 Reflections

3.5.1 Selecting a Topic

When I started working on this thesis, the plan was to build upon the LMIS
the students had developed in Uganda. The back-end implementation
managed to capture most requested functionality, and a front-end app,
developed by a user experience (UX) student, was met with great
enthusiasm during field testing. Yet, there was found a number of issues
with the implementations, as further explained in section 5.3.5 on page 69.

Around September 2017, a few months after the system was finished,
HISP UIO contacted the HISP group in Uganda and asked for an update
on the project. They recognized the known issues, but told them that two
new master students, including myself, would be willing to work on these
problems, either by further system development, end-user testing or even
initializing a small-scale pilot project. The team in Uganda responded that
“regarding continuation of the LMIS work in Uganda, there is an ongoing
roll out of the web-based ordering and reporting system using the Tracker
module in the country.”. It became clear that in response to the previous
issues, HISP Uganda had been working on an improved implementation
over the summer. This version was not found to have the same issues, so
the team chose to abandon the master students’ project in favor of the new
version.

I spent a considerable effort trying to get my hands on the new, Tracker-
based ordering and reporting system, but to no avail. First, I was unable to

2https://en.wikipedia.org/wiki/Camel_case
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get access to the source code. Second, the system was a migration from the
previous, aggregation-based ordering system, so no documentation on the
system existed. Third, I was unable to access the metadata configuration of
the system, the bare minimum required to analyze and compare the system
with other implementations of LMIS in DHIS2.

By now, I realized I would probably not get any insight in the new
system. Thus, a decision was made to target the students’ efforts instead.
One could argue that using this implementation seems forced, because it
was built by two students rather than an assembly of people with different
skills. Instead, I point to the large amount of data the students gathered
during their field work, in an approach resembling action research (Jørn
Braa, Monteiro, & Sahay, 2004). The combination of a detailed analysis
of the current DHIS2 system, descriptions of the organizational routines in
Uganda’s health care system, detailed list of requirements for the proposed
LMIS, and access to the source code and tools used during development,
makes the case a great example of the thesis’ central topic of reappropriating
an information system to another domain. Hence, this thesis focuses on the
students’ implementation and not the one currently in use in Uganda.

These events largely shaped the topic of this thesis. What started
as a continuation of the students’ effort conducted in Uganda became a
collective case study that included two additional cases of DHIS2 being
used as an LMIS. Luckily, the applicability of DHIS2 in other domains,
especially that of logistics, is an increasingly relevant issue that is currently
debated among the community. Thus, I could use what I learned from
the students’ implementation in Uganda and shape my thesis around the
topic of reappropriation, motivated by the seemingly enormous potential of
information systems usable across domains.

3.5.2 Potential Bias

Other than being a student, I am myself a front-end developer on the
DHIS2 core. I work part-time on the software, which could arguably
influence my attitude towards the software and the findings presented in
this thesis.

On the contrary, I do not think this is the case, as I have strictly
separated the development job from my thesis, and I haven’t gotten paid
during my writing. Rather, I see this only as a benefit. First, having
worked on several modules in DHIS2, I already knew a large part of the
software to some extent, saving valuable time elsewise spent on reading the
documentation. Second, it was easier to familiarize myself with the source
code during the Uganda case study. Third, since I have been working on
parts of the Maintenance app, I had access to a newer version of the app
a while before the new changes were merged into the core and openly
available. This allowed me to inspect two of the cases with better graphical
tools. Overall, I think the part-time job has enabled me to conduct a more
thorough case study in the thesis’ limited scope.
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Chapter 4

Literature Review

The purpose of this chapter is to introduce the theories and related
literature that is deemed appropriate for the topics concerned in this
thesis. In the next chapter, I will analyze three cases where DHIS, with
its flexible metadata model, is configured and developed further for health
commodity management. I could have analyzed these implementations as
independent software solutions, but the processes and mechanics involved
in such applications cannot be acquired without a deeper understanding of
the larger ecosystems they are part of.

First, I will introduce the notion of generic information systems that
have been seen to span across settings, organizations and countries. Next,
I explore the information infrastructure and the platform ecosystem, as well
as the issues we face when dealing with such large, complex ecosystems.
Following, I introduce relevant literature on topics such as digital innovation
in developing countries, and participatory desigin that let us close the
design-reality gap. Finally, I present a theoretical framework known as
socio-technical generativity, which might allow us to inspect the generative
capability of a generic information system, exploring what may allow us to
adapt the system to another domain than that of its origin.

4.1 Generic Information Systems

Information systems and software products are often designed toward
a particular group of users and include a set of assumptions about the
user and domain. Integrating business logic within the software core,
together with other domain-driven design methods (Evans, 2004) may
have several benefits such as bringing developers closer to the end-users
and establishing a common language between the stakeholders. Further,
Berg (1997) argues that complex, organizational information systems may
have a tendency of locking the software towards the local context, making
the system useless outside the site for which it was designed and built.

However, Pollock et al. (2007) found that some software products do
travel across organizations and context. Often, such systems are originally
built for a particular user need, namely at the birth stage. But as the
software gains more customers, more functionality is accumulated into the
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system to adjust to different needs. What was previously suited for a few
customers, has now become a generic software. As more users accumulate,
new changes need a wider applicability, encapsulating collective rather than
individual requirements.

Pollock et al. (2007) argue that a generic solution is an “achievement of
various kinds of generification strategies”, in which the supplier balances
tension between the “generic and particular”. Following a case study,
the authors find that while a generic “kernel” stays relatively stable, the
additions of various, strategic “templates” causes the software package
to “morph and extend themselves into different directions”, effectively
expanding the software into new settings. Through development of
numerous templates, users adapt to the software by selecting these and
tailoring them to meet their local conditions (Monteiro, Pollock, Hanseth,
& Williams, 2013).

Dittrich (2014) also touches these topics in her article on software ecosys-
tems. Instead of focusing on a certain domain, customer and sole projects,
software ecosystems are designed in a way that enables the software to
travel across a vast number of environments and configurations, reusing
a various number of features or modules. The result is, in contrast to a
tailored solution, “rather a half product that has to be configured and cus-
tomised to a specific context” (Dittrich, 2014).

Dittrich’s definition may help us understand Pollock’s 2007 choice
of words. A general software package would attempt to capture a
broad applicability, rather than being limited to a specific context. A
generic solution would attempt the same thing, but by underdesign Fischer,
Giaccardi, Ye, Sutcliffe, and Mehandjiev (2004) rather than an exhaustive,
“all-purpose” solution.

4.1.1 Generality and Specificity

Fischer (2008) illustrates the trade-off between a general and specific
software solution. On one hand, general, “all-purpose” software is able
to achieve a lot of tasks, emphasizing objective rather than subjective
computability. Yet, this flexibility often makes the software difficult to use
in practice. As described by computer scientist Alan Perlis, “Beware of the
Turing Tar Pit, in which everything is possible, but nothing of interest is easy”. On
the other hand, specific software can be great at a certain task, but useless
outside the narrow scope for which it was designed.

A generic solution does not try to capture all, possible use-cases.
Rather, it provides a “shared toolbox” (Titlestad, Staring, & Braa, 2009,
1) that is built for configuration, and the product is finished during the
implementation phase. Fischer et al. (2004) writes further about these two,
distinct phases, dubbed design time and use time.

The genericity of this “toolbox” is also a matter of discussion, which
can be illustrated with an anecdote from the creation of DHIS. When first
designing the metadata model, the developers had to find the appropriate
level of abstraction and generification. Some suggested to make a fully
generic information system, with absolutely no assumption of context and

34



domain. In such a system, an implementer would have to start by defining
dimensions of the smallest data elements. Instead, the designers settled for
three, pre-determined dimensions of what, where and when, as explained
in section 2.3.3 on page 12. An IS with no assumptions would be too
difficult to use in real-world domains. On the other hand, a too specific
system would not be applicable to many use-cases, and would likely result
in stakeholders forking the core. See figure 4.1 for an illustration.

Complexity of usage

Specific

Generic

Specific for 
one context 

Fully generic 

DHIS2 

Figure 4.1: Trade-off between generality and specificity.

4.1.2 Beyond Organizational Diversity

Pollock et al. (2007) and other authors write primarly about using a
software package across a number of difference organizations, with
different routines and contextual conditions. Limited literature has focused
on using the same software or information system across different domains
entirely. This process is similar in some regards, but different in others. A
generic information system is, in most cases, developed from a particular
set of functionality through processes of generification, and accumulates
functionality towards a certain domain. The result is a system that is able
to handle a large amount of different, contextual conditions, within the set
of assumptions that are specific to that domain. Hence, if the system is
being adapted to another domain than what is assumed by the system’s
creators, any assumptions that do not regard the new domain must be
acknowledged and appropriately accomodated for.

According to Oxford dictionary, reappropriation is the act of “employing
or adapting (something) for a use different from its original purpose”1. In
this thesis, the notion of reappropriation refers to the process of adapting
an information system to another domain than that of its origin. While
genericity in software is a property, reappropriation of a software is a process.

1See https://en.oxforddictionaries.com/definition/reappropriate.
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4.1.3 Complexity in Software Ecosystems

As a generic software package accumulates more features and grow in
size, it also grows in complexity. This increased complexity is said to
challenge traditional software techniques, architecture and methodologies
(Sommerville et al., 2012). Sommerville et al. notes that as complexity in
software increases, especially in a network or coalition of systems, engineer-
ing principles such as reductionism can no longer apply. With an increasing
number of components, which may communicate in increasingly complex
ways, the result is a system larger than the sum of its parts.

Dittrich (2014) also notes this trend. In her view on software
ecosystems as half-products, software engineering textbooks seem unable
to cope with the emergent challenges. But this makes sense, she argues,
“considering that the frame of reference for product development is not
a project defined by a fixed scope, time and constituency – but continuous
innovation across the respective ecosystem”. Also, the author finds that the
architecture of software ecosystems is under researched. Neither research
on programming languages and domain-specific languages, nor research
in the area of end user development (EUD) were found to accommodate
such ecosystem’s unique properties. Dittrich further notes that in her case
study, the technical design and architecture of these ecosystems existed
only as a practice between the core developers and was lacking in formal
documentation.

Supporting the inapplicability of traditional software engineering, Fis-
cher (2008) writes about the recent shift from “downstream” to “upstream”
activities. He argues that downstream activities, e.g. the transition from
specifications to implementation (such as in domain-driven design), of-
ten leads to design disasters, a “situation in which a correct implementation
with respect to a given specification is of little value because the specifica-
tion does not adequately address the problem to be solved”. Instead, “up-
stream” activities deal with the problem of “how faithfully specifications
really address the problems to be solved”, with the use of human-centered,
socio-technical design principles.

4.1.4 Recap

In conclusion, Pollock et al. (2007) found that some information systems
travel across organizations and context, while they capture the require-
ments of a larger userbase. Rather than serve as complete software pack-
ages, these generic systems are made as a half-product, while implementers
complete the software towards a specific context. While this traveling across
organizations rely on the system’s assumptions from the domain in ques-
tion, reappropriation takes this concept further, adapting the system to solve
problems from another domain entirely.

As generic packages grows as part of a larger ecosystem, they be-
come increasingly complex and challenge traditional software engineering
methodologies. In addition, there is a certain trade-off to generic software,
where an increased level of flexibility inevitably leads to demanding usage
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complexity. In order to avoid design disasters, upstream activities make use
of socio-technical design principles to successfully address the needs of the
users.

4.2 Socio-technical Design

Research on large, complex information systems has identified new ways
of managing complexity. Generative design, participatory design, techniques
of collaborative development and the development of software platforms are
some approaches that aim to deal with complexity. All of these approaches
are developed with a view of information systems as socio-technical systems.

Socio-technical design first evolved in the 1960s as a “set of principles
aimed at increasing human knowledge while improving practice in work
situation” (Mumford, 2006). Today, the broad term attempts to capture the
relationship between an increasingly complex, technological society and
the role of humanistic values. Hence, socio-technical systems are those that
aim to recognize these interactions, while emphasizing the human aspect
as much as the technological one.

Socio-technical systems can be organized into four classes of IT, sorted
by increasing complexity and inherent scale (Hanseth & Lyytinen, 2010).
At the most basic, an IT capability is simply defined as a program providing
the ability to perform a certain task. An application is defined as a set of IT
capabilities, a priori designed by choice to a certain context, user group and
functional goal. Further, Hanseth and Lyytinen (2010) define the software
platform and the most complex composition of systems, the information
infrastructure, both of which are further discussed in following sections.

Information systems can be viewed as socio-technical systems, assisting
people in data management. Information systems are commonly perceived
as “any combination of information technology and people’s activities
using that technology to support operations, management and decision-
making” (Ellison & Moore, 2003). This focus on the user implicates that
when designing an information system, we have to consider the human
aspect.

Some researchers argue that traditional construction of software, includ-
ing rational planning, engineering methods and the development of tech-
nology is not sufficient for creating information systems to handle such
complexity (Jørn Braa & Sahay, 2012). In contrast, “cultivation” of soft-
ware builds upon the “potential in what is already present in the commu-
nity” (Kossi, Sæbø, Braa, Jalloh, & Manya, 2012). Through cultivation and
participatory design, and embracing socio-technical design methodologies,
software ecosystems can overcome the challenges of complexity in health
information systems (HISs).

4.3 Platform Ecosystems

A platform-based software ecosystem is an ecosystem consisting of two major
elements, namely the platform itself and complementary apps. The platform
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is a software package that “serves as a foundation on which outside parties
can build complementary products or services” (Tiwana, 2013). While the
platform provides some kind of utility for a user, the apps are extensions
to this software made by third-party developers. They are built on the
platform’s core utilities and communicate with the core through APIs or
other programming interfaces.

The most known examples of platform ecosystems include Apple’s
IOS platform, Google’s Android platform, but also social networks like
Facebook, YouTube or even Google’s Chrome browser (Tiwana, 2013). All
these ecosystems share the property of multisidedness – they are composed
of at least two groups of stakeholders, which may include core developers,
end-users, app developers or advertisers. One important feature of such
ecosystems is that more often than not, adoption on one side of the platform
increases the attractiveness for other sides to enter the ecosystem. In
a network effect, adoption of users leads to more app developers, which
extends the platform and again leads to a greater user base.

Evans (2004) writes about the Smart UI, in which all business logic
is embedded into the user interface. This is argued as an anti-pattern,
because mixing the UI and the business logic may cause problems with
complexity, maintenance and integration with other systems. Yet, it may
lead to high productivity when working with smaller applications. In a
platform architecture, a Smart UI may be able to supply a miniworld of
organizational routines, specific for a certain domain, while the platform
core remains domain-less.

4.4 Information Infrastructures

As explained in section 4.2 on the previous page, (Hanseth & Lyytinen,
2010) introduces four types of IT “classes”, with information infrastructures
(IIs) being the most comprehensive and complex composition of IT
capabilities. IIs are characterized as shared, open, heterogeneous and
evolving socio-technical systems. The installed base refers to the evolving
core system, while the users, operations and design communities form
the infrastructure as a whole. IIs are not centrally controlled, and
never changed from above, but rather composed of upstream activities.
Henfridsson and Bygstad (2013) organizes research on IIs into four research
streams. The complexity research stream defines an II as “the process by
which heterogeneous and autonomous human, or organizational, actors
seek to use information technology in their adaption to each other and
their external environments” (Jørn Braa, Hanseth, Heywood, Mohammed,
& Shaw, 2007).

A better picture of II can be painted by comparing them to software
platforms. Platforms are partially open, and their level of exposure, e.g.
boundary resources depends on the level of governance and restrictions
eventually set by the platform owner. This means a platform is potentially
widely open to stakeholders, but the owner may dynamically control this
openness through governance. On the other hand, IIs are universally open.
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In theory, anyone can use, build and innovate upon the installed base,
evolving the IT capabilities.

Platforms are limited by architectural choices made by the platform
owner. By controlling the functional closure of the platform, e.g. what it’s
capable of achieving, this limits the platform’s potential to grow. On the
other hand, IIs are free of any centrally controlled architectural choices,
and can evolve without any external limitations. Both platforms and II are
path dependent. Path dependency refers to an effect in which past events,
such as adoption or design strategies, can change the system’s history by
generating irreversible effects (Hanseth & Lyytinen, 2010).

While platforms are controlled by a certain authority, IIs are distributed
and dynamically negotiated between stakeholders involved in the ecosystem
(Hanseth & Lyytinen, 2010). The infrastructure may rely on a stable,
installed base, but the heterogeneous set of stakeholders may choose to
expand the system at will. These are the structural properties of an II. An II
is recursively composed of IT capabilities and can even include platforms
as part of the infrastructure. It is never controlled from above, but rather
designed through upstream activities.

4.5 Participatory Design

Participatory design (PD) is an approach to software design that originates
from Scandinavia. In PD, end users and other stakeholders are actively
involved in the design process, influencing and shaping the software. With
distributed participatory design (DPD), Titlestad et al. (2009, 1) addresses
the challenges that emerge when this approach is scaled across countries
in a global setting. The authors argue that in resource-constrained settings
such as developing countries, DPD is especially important for addressing
the design-reality gap (Heeks, 2006). Software for developing countries are
often created in more developed countries, and this distance, or “North-
South digital divide” often results in solutions that are not particularly
suited for the actual end-users (Nielsen, 2018). As found by Titlestad et al.
(2009, 1), DPD allows local implementers of the software to fill crucial roles
as “intermediaries with end users”, closing this gap between developers
and users.

Titlestad et al. (2009, 1) investigate DPD in the context of DHIS2. They
argue that through DPD, local innovations of the software can be spread to
the larger community. Further, they connect their findings as important to
the flexible nature of DHIS2, which makes the system “a generic tool rather
than a pre-configured database application”. With institutional scaffolding,
the authors emphasize the importance of training programs, academic
degrees, formal standards and the “creation of IS cadres [combinations of
social effort]” for supporting processes of DPD. Figure 4.2 on the following
page illustrates how (Titlestad et al., 2009, 1) views evolution of generic
software, through DPD and local innovations across multiple countries.

Roland, Sanner, Sæbø, and Monteiro (2017, 2) explores PD in the setting
of large-scale information system projects. While arguing that most current
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Figure 4.2: Evolutionary global toolbox design. Retrieved from
Titlestad, Staring, and Braa (2009, 1).

research concern the development of a single, custom system, the authors
aim to expand PD to larger system and especially software platforms. They
identify four different forms of PD, organized by scale and complexity.
Singular PD refers to processes traditionally associated with participatory
design, such as prototyping, using mock-ups and engaging users through
workshops. With Serial PD, the authors discuss how the software product
can accumulate local innovations and learnings and adapt these into the
core. This assumes a distributed software ecosystems where innovation
happens within “fringes”.

Gizaw et al. (2017) explores a form of serial PD in their paper on
open generification. Building on the work of Pollock et al. (2007), the term
encapsulates a model for the governance of generic software. Using DHIS2
as a case, the authors found that the success of the software is attributed
to a “continuous interplay between generic and specific software and
continuous cycles of embedding [...] and disembedding”. The last terms
refer to, respectively, the actions of implementing the global software in
a local context, and the other way around, taking local innovations and
development of the software and feeding it back into the generic core.
Such processes were found to expand the software with a wide variety of
additional features.

Parallel PD emerges when the project scales beyond developers’
capacity to travel and engage with users on site (Roland et al., 2017, 2).
At this point, the focus is shifted “from custom software development to
empowering users in assessing their own practice and use” (Obendorf,
Janneck, & Finck, 2009). Nielsen (2016) writes further about PD in generic
software ecosystems, bringing focus to the “open and multi-levelled
nature of generification”. He explores the ecology of parallel generification
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processes and calls for more research on this subject.
As a software ecosystem grows even larger, community PD is used to

negotiate generic features across the community (Roland et al., 2017, 2).
Community PD takes place on online forums, inter-contextual workshops and
social media. At this level, the core developers are mostly absent in direct
user communication and local adaptions are facilitated through a wider
community of users. In sum, Roland et al. (2017, 2) found that a platform
architecture enabled all of these large-scale forms of PD and allowed the
community of participation to scale. Figure 4.3 shows all levels of PD found
to be operating in a platform ecosystem.

Figure 4.3: Levels of participatory design in a platform ecosystem.
Retrieved from Roland, Sanner, Sæbø, and Monteiro (2017, 2).

As PD on a software ecosystem scales, it increasingly resembles the
strategic development of generic templates as explained in section 4.1
on page 33. With parallel PD, further development on the ecosystem
increasingly depends on user empowerment, serving the users the tools
they need to finish the half-product. As the creators relinquish control of the
specific contextual situations in which the system is implemented, further
development on the system must happen in the fringes of the ecosystem
through processes of local innovation.

4.6 Digital Innovation

In a recent paper, Nielsen (2018) writes about digital innovation in develop-
ing countries. In the article, he talks of the “vertical industry silos” often
found in these settings. Digital innovation, he argues, is about creating
“networks where different actors come together and innovate by combin-
ing and recombining their digital technology components”. This strongly

41



relates to the goals presented in DPD. In previous research, developing
countries are still portrayed as passive receivers of technology and inno-
vation. By introducing digital innovation to such resource-constrained set-
tings, supported by platform-like ecosystems, the countries are encouraged
to develop the solutions themselves. The push for innovation can be seen
as a strong driver for extending existing, generic software solutions beyond
their intended domains.

In another paper by Nielsen and Sæbø (2016), the authors explore
innovation in DHIS2 with a framework they call functional architecting.
They focus on the system’s move towards other use-cases than traditional,
health-related information management. As described by the authors
themselves, “from focusing on aggregate health indicators for health
managers, [DHIS2] is becoming one component among others in larger
architectures where it may take on many different roles”. Through a
study on empirical DHIS2 implementations, they identify three strategies
of functional architecting; charting, encroaching and connecting. Charting
refers to a strategy where an existing software component is extended
with additional functionality, in order to cover an unmet functional need
in a new domain. With encroaching, the authors refer to the process in
which software solutions are already available in a certain domain, but
the existing software is extended to “steal” the competing software’s set
of functionalities. The third strategy, connecting, is used to complement
another system in another domain. With connecting, you extend the
existing system into the other domain to integrate the two systems,
possibly in a mutual way.

Charting is deemed a common strategy in the health care section of
developing countries, by using DHIS2 as the evidence. Namely, the authors
explicitly identify a case where the information system is expanded into
the domain of logistics. While they acknowledge the difference between
the health- and logistics sector, they do mention a natural overlap between
the two domains (Nielsen & Sæbø, 2016). This makes expanding DHIS2
into logistics seem a natural candidate for all three strategies of functional
architecting. The research does, however, reveal that these processes
typically spawn from an established, organizational system with people,
organizations and existing technology. Also, the authors highlight the
challenges regarding the move into a new domain – which requires a whole
new set of in-depth domain knowledge.

4.7 Generativity

A prerequisite for innovation is that the base software offers flexibility
in terms of reconfiguration and extentions. Thus, a generic core ensures
the information system can be used in various ways. A platform-like
architecture enables the development of apps that complement the core
software and extends the potential functionality of the system. The
emergent and structural properties of an II enables the system to scale freely
among a set of heterogeneous stakeholders. But another prerequisite for
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innovation in IIs may be that of generativity.
In a case study on the Internet, Zittrain (2006) finds that generativity

is both an attribute and a requirement of a successful information
infrastructure. Generativity is defined as “a technology’s overall capacity
to produce unprompted change driven by large, varied, and uncoordinated
audiences”. The author introduces five factors that attributes a generative
technology; leverage, adaptability, ease of mastery and accessibility. Leverage
refers to the technology’s capacity to increase the user’s productivity.
With adaptability, Zittrain refers to the technology’s potential to be
used for something it’s not originally designed for. In his own words,
“adaptability in a tool [or infrastructure] better permits leverage for
previously unforeseen purposes”. Ease of mastery is how easy it is for
a broad audience to adapt the technology, use its potential and shape it
towards their needs. Finally, accessibility refers the ease of obtaining access
to the technology.

Msiska and Nielsen (2017) argue that generative technology itself
cannot spur innovation. Rather, innovation is a complex process invovling
not only technology, but the generative relationships between the involved
actors. Generative relationships are formed by five characteristics; aligned
directedness, heterogeneity, mutual directedness, appropriate permissions and
action opportunities (Lane, 2011). In sum, these characteristics highlight the
focus on achieving the same transformations, complementary competence
and access to resources, granting permissons and the opportunity to
change own and influence other’s attributions of technology Msiska and
Nielsen (2017). By combining the works of Zittrain (2006) and Lane
(2011), the authors create a theory on socio-technical generativity, which
addresses the challenge of “understanding how innovation happens in
complex settings and how different technological and social environments
in different ways enable innovation”. Generative fit is when there’s an
appropriate mix of generative technology and generative relationships
between users and developers.

4.7.1 Generative Design

Avital and Te’Eni (2009) introduces the concept of generative design to
information systems research. They argue that system design should
focus on more than “measures of task efficiency, accuracy or productivity”.
Instead, we should consider human’s creativity, which may reveal new
opportunities and “uncharted frontiers”. An information system with
generative capabilities, the authors argue, should be evocative, adaptive and
open-ended. For instance, the system could supply multiple abstraction
levels and tools for communication (evocative); enable customization as
per user’s preference and artificial intelligence-powered automation tools
(adaptive); and they could enable peer-production and include a modular
architecture (open-ended).

I am willing to theorize that some form of innovation, backed by socio-
technical generativity and forms of generative design can further leverage
the flexible properties of a generic information system and enable the
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reappropriation to other domains. Especially in developing countries,
where resources are scarce, it is crucial to form generative relationships
between the various actors, each driven by different incentives, so that the
the generative technology is successfully leveraged to the other domain. In
such settings, accessibility to the required technology and ease of mastery
is especially relevant. In this regard, end-user development can be used to
support these properties.

4.8 End-user Development

In section 4.1 on page 33, I briefly mentioned the difference between
“upstream” and “downstream” activities. While downstream activities
involve the transition from specification to implementation, upstream
activities emerge from user participation and propagates upwards. end
user development (EUD) heavily encourages the latter approach. In end-
user development, the users of the system become secondary developers of
the software package, completing the “half-product” of generic software.
EUD activities range from customization to component configuration and
even programming (Fischer et al., 2004).

Fischer et al. (2004) argues that EUD is only a partial success-story.
In scientific and engineering domains, users frequently develop their
own expansions using common programming languages. However, few
end-users choose to compose a system of reusable components such as
ERP systems. Instead, they resort to professional, but expensive expert
developers for this effort. The authors continue by introducing different
forms of EUD. Figure 4.4 shows a few examples of EUD activities, plotted
in a landscape emphasizing the activity’s scope and cost of learning.

Figure 4.4: Cost-scope trade-offs in various EUD tools. Retrieved
from Fischer, Giaccardi, Ye, Sutcliffe, and Mehandjiev (2004).
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As illustrated, the ideal EUD tool delivers a high scope of opportunities,
while remaining easy to learn. However, creating such a powerful tool is
difficult because a diverse tool will always involve complexity (ref. the
Turing tar-pit). Fischer et al. (2004) argues that the real challenge for EUD
lies not in a user’s ability to program, but abstract, conceptual thinking.
“Complex domains require sophisticated analysis and modelling skills, so
programming is only part of an end-user developer’s needs”.

EUD can be illustrated with an example. DHIS2 includes several forms
of EUD, most of which is done via the Maintenance app. Using this app, the
user can define their own data structures and tailor the system to their own
needs. This is done by navigating in a hierarchy of data structures, creating
and modifying the structures and establishing connections between them.
More advanced forms of EUD is possible by using (partly) graphical
programming interfaces, such as in the validation rule module and the more
recent predictors module. However, it is important to note that these tools
are only meant for a particular user of the system. The biggest user group,
the health workers collecting the data, has no access to these interfaces.
Rather, they are meant for implementers and super-users configuring and
maintaining the DHIS2 instance. However, EUD tools are essential for
these stakeholders and are what enables DHIS2 to work in many different
contexts and settings, and maybe even outside the health domain.

Fischer et al. (2004) also writes about the relationship between social
and managerial issues in EUD. By creating tools for EUD, the management
of the software can expect challenges such as a certain lack of control and
power, increased responsibility and a need for standards. On the other
hand, the users can benefit largely with such features. The list includes
empowerment to the user, flexibility in use, faster implementations and
local control of the system. This comes, however, at the cost of learning
to use the tools, the burden of programming and debugging the resulting
implementation. To meet these challenges, the authors mention “success
factors” such as a culture of user motivation and involvement, training,
support and local experts (or “design mediators” (Roland et al., 2017, 2)).
The tools themselves also has to be easy to use, and support integration to
other information systems.

EUD tools gives the information system a certain kind of flexibility.
Roland et al. (2017, 2) splits the notion of flexibility into two different
levels, regarding the difference between design and use in practice.
Design flexibility refers to the system’s flexibility for further development,
involving attributes such as the underlying architecture or the system’s
level of modularity. Use flexibility is the system’s inherent flexibility for “use
across a range of different, even unanticipated purposes”. The two levels
of flexibility are related, because “a high level of use flexibility reduces the
need for change through design flexibility”. If the system can be used in
many ways, there is a lesser need to extend upon the design.
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4.8.1 Bricolage

Tinkering, or bricolage is a paradigm presented by Ciborra (1992). By
bricolage, Ciborra describes a strategy of information system design
where uniqueness is used to gain a sustainable, competitive advantage by
hindering copying of successful solutions. The process is described as a
bottom-up approach that relies on local information and organizational
routines. In this process, tinkering is encouraged in order to apply and
exploit known tools and techniques to solve new problems. This mindset
may help us to create innovative solutions to new problems, i.e. in
processes of reappropriation.

The issue with Ciborra’s description is that a successful solution
spawned by bricolage, is very difficult to reproduce in other settings, and
that is what gains its competitive advantage. Yet, the mindset of tinkering
with existing technology in new ways, exploiting an information system’s
flexible properties in new an unticipated ways, may be just what we need
to free ourselves from the original domain’s assumptions.

4.9 Summary of Literature

The topic of adapting an information system to another domain requires
insight from several literature branches. First, we have explored the
very nature of generic information systems as presented by Pollock et al.
(2007). We found that such information systems must be designed as “half-
products”, allowing users to customize the generic core to fit their own
functional needs, often through the the usage of templates. We also found
that when an information system is built upon collective requirements
of a larger userbase, the accumulation of functionality adds a certain
complexity that challenges traditional software engineering techniques.
Yet, limited literature talks of reappropriation, and we need to seek other
literature to gain an understanding of this process.

Next, I presented a multitude of tools and perspectives that seem
able to cope with large software ecosystems. All of these are based on
properties from socio-technical design, a design paradigm that acknowledges
a democratic balance between human and technology. By building
information systems through cultivation rather than construction, people
and organizations form the system through upstream activities, closing
the design-reality gap often seen between developers and users of the
system. These tools include various forms of collaborative development
and participative design. Also, by recognizing certain aspects of the software
ecosystem as platforms or even information infrastructures, we may use
supporting theories on these perspectives to highlight the users’ ability
to customize the system through autonomous applications and other
additions.

Parallel participatory design is brought forward, especially in regards
to a platform architecture with a core and complementary apps. It was
found that as a software ecosystem with participatory design scales, it
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increasingly resembles the concepts discussed in literature on generic
software packages. As the ecosystem grows, local innovation in fringes
must be leveraged to further develop the system. Digital innovation in
developing countries is discussed, and how existing information systems
are sometimes seen to move towards other use-cases and other domains in
processes of charting, encroaching and connecting.

Socio-technical generativity is introduced as a prerequisite for innovation,
acknowledging both the generative technology and generative relationships
between heterogeneous actors of the infrastructure. Generative design
is brought forward as a way of enhancing the user’s creativity, which
may lead to new and innovative methods of using and configuring the
information system. End-user development is also presented as a way to
leverage the generative technology, potentially offering greater accessibility
and ease of mastery to sophisticated configurability. Finally, bricolage is
offered as a mindset that encourages tinkering with technology in new and
previously unantipacted ways, effectively exploiting the system’s potential
flexibility.
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Chapter 5

Case Study

This chapter will first present the cases separately, then do a comparison on
the most important findings. But first, I should point out the large number
of similarities between the countries in question. First and foremost,
DHIS2 is already used as the main HMIS in all three countries. This
underpins the most common argument for reappropriating an information
system, i.e. that the system is already well established as part of the
infrastructure. Second, the cases are all set in developing countries (located
in Southeastern Africa), meaning they have the common, emergent issues
such as health challenges, lack of resources and a poor population. The
countries have among the most rapidly growing populations in the world,
caused by a combination of decreasing child mortality rate and a high,
steady birth rate (Central Intelligence Agency, 2018a, 2018b, 2018c). The
median age of all countries is below 20 years old, and children 14 years or
younger constitute 40 to 50 percent of the total population. This makes a
very youthful population, in contrast to Norway where the same indicator
is 18 percent. Hence, family planning services and mother-child health
programs are especially important in the selected countries. In order to
support these, the supply chain and an LMIS must effectively distribute
contraceptions, vaccines and other health commodities.

A detailed walkthrough of each case will now follow. Starting with
Zambia, I will present the country’s context of implementation, the
identified requirements the system should be able to solve and how these
are met by expanding the generic features of DHIS2. Following, I will
consider the technical features of this implementation, and if available, the
successfulness of the project at large, including the current status. This
process is repeated for Kenya, and finally Uganda.

5.1 Zambia

5.1.1 Introduction

During a period between 2015 and 2016, a team in Zambia designed
and developed a new, electronic immunization program for managing the
routine immunization of approximately 78200 children born every year,
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as well as children carried over from the previous year. Called the BID
initiative, the vision was to empower local information systems and extend
existing implementations. Zambia and the consortium partners built the
solution on top of DHIS2, which was already used as a national HMIS.

The immunization registry was first tested in Livingstone district, a
small city in the Southern Province of Zambia, close to Zimbabwe and
Victoria Falls. The core configuration and implementation were deemed
successful in design, but the project was ultimately abandoned because of
shortcomings in the Android apps. Zambia eventually decided to continue
the project using another information system, the OpenMRS1. Still, the
design is relatively sophisticated, and the case may therefore add valuable
data to our research.

5.1.2 Context

Zambia is one of the most urbanized countries in Africa, with approxi-
mately 42 percent living in cities (Central Intelligence Agency, 2018c) The
total population is 16 million, with 2.2 million living in the capital, Lusaka.
The population is a poor and youthful one, with a high fertility rate of al-
most six children per woman. HIV/AIDS and Tuberculosis are the most
common causes of death, with the former causing an estimated 21 thou-
sand deaths per year.

The country consists of ten provinces, which are further divided into
districts (Central Intelligence Agency, 2018c). The health infrastructure is
organized in three service levels. Primary care includes community-level
services such as district hospitals and health facilities. The secondary level
includes a set of provincial or general-purpose hospitals. At the tertiary
level, the national and specialized hospitals operate. As of 2012, there were
1762 health care facilities distributed across the provinces. The Ministry
of Community Development, Mother and Child Health (MCDMCH) has
the primary responsibility of managing hospitals and health facilities,
with a vision to be “Pioneers in the provision and efficiently facilitate
the provision of integrated social protection and primary health care”
(University of Oslo, 2015).

Over the last few years, Zambia’s MCDMCH has strengthened its
immunization programs in an effort to reach the national target of 80
percent immunization coverage across districts (University of Oslo, 2015).
Yet, problems such as identifying unvaccinated and under-vaccinated
children has continued to stall these efforts. In general, Zambia has
struggled introducing a culture for evidence based decision-making, and
information systems that might help health workers in their routine child
health services have not been deployed at large scale.

In 2015, in an effort to improve the immunization program further,
MCDMCH formed a new collaboration with PATH. PATH is an interna-
tional, nonprofit organization with a focus on health innovation that sup-
port vaccination, drug distribution and disease diagnostics (PATH, 2018).

1https://openmrs.org/about/
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Figure 5.1: Map of Zambia (Central Intelligence Agency, 2018c).

Together with UIO and funded by Bill and Melinda Gates Foundation, they
initialized a scheme to introduce a new, electronic immunization registry to
Zambia known as BID.

At first, PATH identified a set of challenges with the current immu-
nization program. For instance, the indicators that were used in immuniza-
tion statistics were inaccurate because the estimated number of clients for a
given clinic (i.e. the indicator’s denominator) was merely an estimation, of-
ten varying widely from the actual number. Another problem became evi-
dent as children were not uniquely identified but associated with particular
health facilities. If a child moved from one facility to another during a vac-
cination program, the vaccination events would not relate in the database,
leading to an incomplete vaccination history for the child in question. See
table 5.1 for a complete overview of the challenges faced by PATH.

The BID was supposed to manage the routine immunization programs
of approximately 78200 new children born every year. The information
system would also manage children carried over from the previous year.
In the following section, I will first present an overview of the requirement
collection process, then recount the most essential set of requirements
identified.

5.1.3 Requirements

Design and development of the immunization registry followed an itera-
tive development process with extensive user testing at various stages of
development. The PATH team first began by identifying key stakehold-
ers that would help assist in gathering the functional requirements. These
stakeholders would play a key role in designing the system, helping the
team understand the information flow and data needs (Consortium, BID
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Challenge Description

Accurate
denominator

The source used to estimate the number of clients for each clinic is
provided by the Central Statistics Office (CSO). However, in practice, the
actual client numbers in any given catchment area often vary widely from
the estimated numbers.

Defaulter tracing Ability to identify children that may not have received their full dosing
regimen/vaccine for the designated age within the past one month.

Unique
identification of
children

Often, individuals are associated with a particular health facility. If they
receive services from another clinic, their full immunization history may
not be captured accurately.

Complexity of
data collection
forms

The complexity of data collection and reporting forms increases the work
burden on health workers and with it the chances of errors.

Data visibility It is practically impossible to review data from clinics at the village or
even district levels, especially stock status, defaulters and children due for
immunization in each month.

Vaccine supply
chain

Manual and paper-based vaccine information management systems make
it difficult to ensure accurate monitoring of vaccine stocks, receipts, and
deliveries. The goal is to minimize under and over-stocking at all levels of
the supply chain system.

Table 5.1: Challenges faced by PATH in supporting immunization
(University of Oslo, 2015)

Zambia, 2015a). The stakeholders also helped the team in creating personas,
fictional characters that represent typical users of various parts of the sys-
tem. These include three personas from a local context, two in a clinical
context, one coordinator at the provincial level and two managers at the
district level. Two personas also represent the national level, each having
roles that require the most comprehensive view of the system (Consortium,
BID Zambia, 2015b).

The personas were supplemented with user stories, a concept from
software development where the features of a system are described in a
natural language. In the BID system, a user story would contain the role of
the user in regards to the system, the actual function description, and the
benefit the user is thought to gain from the function. In addition, the user
stories were associated with a particular user group.

The initial requirements were gathered from analyzing the personas
and their user stories, supplied with discussions with key stakeholders.
Additional requirements were found throughout the development process
in the form of feedback given by beta testers of the system. Several
prototypes were made so that the system could be tested incrementally,
and so that existing features could be tailored to actual users of the system
(Consortium, BID Zambia, 2015a).

In PATH’s request for proposal (PATH, 2015), the consortium identified
a total of 129 functional requirements. 90 were related to the immunization
registry, 26 were related to stock management, and the last nine regarded
formal reports.

Related to immunization, capturing birth data was regarded as one of
the most important features. A CHW, volunteer or village representative
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should be able to report a birth by SMS to the registry, where it’s added
to the national database. A prerequisite is that all potential birth reporters
are registered in the system, so associating these roles with health facilities
is also a key feature. The system should also give each baby a unique
identification number so that they are properly tracked throughout the
vaccination program. Managing these id numbers were also listed as a
notable feature. When a baby is registered successfully, the program should
be able to capture patient data related to future visits. As the nurse or
health worker is performing the vaccination, he or she should note what
health commodity they use, so that the system subsequently updates the
database, always keeping the stock up-to-date.

Stock management is a matter on its own. For instance, the MCDMCH
should be able to create stock reports for the whole country, so that
resources can be distributed where most needed. At the facility level, the
system should be able to track attributes such as how many commodities
are in stock, and what needs to be discarded due to expiration date.
Health facilities currently use a paper-based stock control card. These
paper cards contain key information on six vaccines; BCG, OPV, DPT, PCV
and RV and the Measles vaccine. For each vaccine, you are supposed
to enter the number of commodities received, their origin, the number
issued, the current stock balance and four attributes that counts the number
of commodities of that type were wasted, organized by reason (expired,
damaged, kept too warm2 or “other reasons”). The team wanted to
digitalize this paper form.

5.1.4 Implementation

Zambia is already running DHIS2 as their HMIS. A key principle in design
was that the new immunization registry would strengthen and leverage
local systems at both a technical and institutional level. With such a
comprehensive feature list, the BID initiative is an enormous investment
for Zambia, and so the system should give back to other parts of the
health infrastructure. Therefore, the consortium selected the DHIS2 Tracker
module as the basis for the immunization registry.

Using DHIS2 meant that newly developed software for immunization
and stock management would be trivial to integrate with the main HMIS.
The combination of immunization- and other health data essentially means
that all health data previously entered into DHIS2 would be available
to the new eletronic immunization registry, such as population data
and information on the health levels, including all sub-levels of district
headquarters and health facilities. Population data could be used as the
denominator for calculating indicators, e.g. when producing the percentage
of vaccinated children in the country.

The implementation consists of a back-end, mostly made on top of
the Tracker module, and a set of supporting front-end applications. These

2Vaccines use a special label, a vaccine vial monitor (VVM), to indicate if the content has
been exposed to heat for a prolonged time, thereby decreasing it’s potency.
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applications were a mix of default ones, that come bundled with DHIS2,
and custom apps made specifically for this project. First, I will introduce
the back-end implementation, then the front-end applications.

Tracker Implementation

Initially, the Tracker module does not have any knowledge of immuniza-
tion, commodities or any other concept related to health logistics. All func-
tionality would have to be developed on top of the flexible metadata struc-
ture in order to meet proposed system requirements. The items contained
in LMIS would have to be mapped to generic data elements, with all their
associated attributes and features.

The team from the University of Oslo, leading the development in
DHIS2, modelled the immunization program using a Tracker program with
a single, repeatable program stage. The program is configured to track an
entity of the Person type (the child), including the child’s name, date of
birth, unique id and several other attributes. With a total of 16 attributes,
these are all registered by the nurse during the child’s first visit to the health
facility. The single program stage, simply called Immunization, contains a
total of 32 data elements. These are shared among three program stage
sections, namely Immunization, Stockouts and Calculated.

The first stage regards the vaccination program and contains details
that are entered during facility visits. This includes the child’s weight,
vaccinations given and some other attributes. The program remembers
data on the child between visits, so that previously entered data control
what is shown on each unique visit. The Stockouts section is used if a
vaccine is out of stock, with one checkbox per vaccine. The last section,
Calculated, is filled automatically based on the other fields. For instance, it
lets the nurse clearly know when a child is fully immunized.

With a total of 32 program data elements, it’s not easy for the health
worker to keep track of everything, and most fields may not be applicable
at a certain immunization visit. Therefore, the program is coded with 69
program rules that determine which fields are visible and which ones are
hidden. These rules utilize a total of 108 program rule variables. For instance,
if the BCG vaccine was given on one visit, the next visit will ask for a BCG
scar, and if there is no such scar, the program asks for another dosage.
Other program rules control the stockouts section. If a vaccine is taken
during the current facility visit, it was obviously not out of stock and the
corresponding checkbox is hidden with a program rule.

At last, the program contains 37 program indicators, which are used
for calculating aggregated data for immunization statistics. The program
indicators are also used during data entry. For instance, the age of a child,
in months, is calculated with an indicator and shown to the nurse during a
visit.

Figure 5.2 shows how the immunization program is implemented in
DHIS2’s Tracker model.

In addition to the immunization program, the team created a Stock
control card program. This would replace the current, paper-based, monthly
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Figure 5.2: Tracker implementation of Zambia’s immunization
program.

forms at facility level. The program was implemented as an event program
with a non-repeatable program stage. Every time a health facility receives
a commodity resupply, they should initialize a program using the DHIS2
event capture app. The commodity attributes to enter are organized
into program stage sections, one for each commodity. Similarly to the
immunization program, the stock control card program also contains
program rules (30 in total) that it uses to show or hide fields, based on user
input.

Figure 5.3: Tracker implementation of Zambia’s stock control card
program.

Custom Applications

Running on top of the Tracker programs, several apps were used for data
collection- and analysis. Most data collection would be done on Android
tablets at the health facility level. In order to support all the requested
functionality, the official Android Tracker capture app would have to be
developed further. In addition, two custom applications were requested;
the EIR Reports app for analyzing collected data in a set of reports, and
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a custom Stock Control Event Capture app for capturing data to the new,
digitalized stock control card solution. While the EIR Reports app was
developed by the University of Oslo, the second app was supposed to be
developed by HISP India.

The official Tracker capture app is used for enrolling tracked entities (in
our case, children) in a health program and “capturing”/entering data on
subsequent program stages (e.g. immunization visits). Other than the
built-in functionality of the app, the implementation in Zambia had to
support multiple users (e.g. nurses in a health facility) sharing a tablet.
All users should have their own, personal login, but access the same
“database” stored on the tablet. This was not possible in the official Tracker
capture app, and the core developers were not able to develop the new
features in time. The HISP implementers involved in the Zambia project
mentions, in one document, that an update of the official apps is long
overdue. As mentioned in section 2.3.3 on page 12, the official Android
apps for DHIS2 are now finally to be deprecated, more than two years
after the project in Zambia ended. However, the new set of Android
apps, planned for a release during this summer, still lacks such multi-user
support.

5.1.5 Technical Discussion

One interesting trait with the implementation in Zambia is how the Tracker
module is used in the child immunization program. The program involves
multiple visits at a health clinic, so having one program stage per visit would
be a natural design choice. Yet, the developers aimed for another approach.
The immunization program consists of one, repeatable program stage with
32 data elements. In addition, a large number of program rules are used
to to dynamically change which data elements are seen at once. For each
visit in the vaccination program, the rules decide which fields to display,
based on previous visits and the data entered during the ongoing visit. This
way, only applicable fields, such as those regarding the current vaccine, are
shown to the nurse or health workers.

The result is similar to having multiple program stages, but with some
differences. One notable difference is that by using one, repeatable stage,
there are no limits to the number of visits. Using program rules, the one
stage is made dynamic and different fields can be entered during each visit.
The rules also automatically tell the nurse when the vaccination program
is complete, so he or she can notify the child’s parent accordingly.

5.1.6 Reappropriation Process

By using the flexible metadata model in DHIS2, the immunization program
was developed as a tracker program. As the health worker vaccinates a
child, the stock status is updated accordingly. Also, the stock inventory
control card was constructed as an event program, allowing detailed
reporting of inventory at each health facility. The combination of these
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programs constitutes a type of health commodity management, allowing
DHIS2 to act as an LMIS.

On the front-end side, the custom Android applications would ensure
the functional requirements of the end-users were met. These applications
would use the boundary resources offered by DHIS2 in the web API.
Shared use of Android tablets are relatively new to the DHIS2 ecosystem,
so even though the bundled web interfaces should be able to handle the
requested data collection- and reporting features by default, the official
Android applications were not yet able to fulfill these requirements, at least
not with a satisfactory user experience. The combination of expanding
the official app, and development of two, custom apps would satisfy the
functional requirements. However, the developers were unable to finish
these within the project’s scope.

5.1.7 Current Status

A document from the University of Oslo, named “the Struggle for Zambia”,
describes the project as “largely a success”. The implementation was
deemed great in design and architecture. Yet, the project was ultimately
abandoned by Zambia in favor of another, medical information system
known as OpenMRS. The main reason for this turn of events can be
attributed to slow development of the Android applications. At last, this
is what caused the Ministry of Health (MoH) to eventually abandon the
project in favor of another information system.

Yet, the design as a whole was seen as a success. It pushed the
boundaries of what was deemed capable with DHIS2 with a combination
of the child immunization program with stockout reporting, digitalized
stock inventory cards and supporting front-end applications. As an LMIS,
the metadata configuration successfully enabled the management of health
commodity distribution- and statistics.

5.2 Kenya

5.2.1 Introduction

In Kenya, many remote villagers are not able to visit their local health
facility, which may be stationed far away. In order to medicate and
vaccinate the local communities, CHVs play an important role. The country
is currently looking to introduce a new solution for ensuring the health
workers are always stocked on crucial health commodities. Since mid-2017,
John Snow, Inc. (JSI) and other stakeholders has designed and tested one
such solution in Siaya county, using DHIS2 as the software base.

While still in progress, the solution is using the predictors module in new
and unfamiliar ways, and has also contributed to developing the module
further in order to accommodate Kenya’s requirements. Analyzing the
technical implementation may therefore unfold new practices that are not
used elsewhere, and may benefit the global DHIS2 and HISP community.
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5.2.2 Context

Kenya is stationed in Western Africa and has one of the largest GDPs
in East and Central Africa (Central Intelligence Agency, 2018a). With
a population of approximately 48 million residents (January, 2017), 60
percent lives in urban areas and 26,5 percent lives in the capital, Nairobi
(Central Intelligence Agency, 2018a). The country is divided into 47
counties, and the health infrastructure has six different levels of health care
(Ministry of Health, Kenya, 2014). The first level concerns the community
level, with CHVs as the primary work force. The volunteers are grouped
into Community Health Units for the village, which forms the second
level. The units are managed by Community health assistants (CHAs).
Health centers/facilities are the third level, and the last three levels are
the primary, secondary and tertiary referral facilities, each with increasing
levels of specialty.

Figure 5.4: Map of Kenya (Central Intelligence Agency, 2018a).

As reported by Kenya’s 2014-2030 health policy (Ministry of Health,
Kenya, 2014), the country is currently facing a number of health-related
challenges, especially concerning children. Under-nutrition is the single
greatest contributor to child mortality, but other factors such as under-
vaccination and a high maternal mortality also continue to affect the coun-
try. Tuberculosis has recently resurfaced as a major cause of ill health, and
as proposed in the health policy, one of the main objectives for future health
improvement is to eliminate communicable conditions by means of “con-
trolling vaccine-preventable diseases”. Kenya’s HMIS architecture, with
DHIS2 as the core, has improved information completeness. However,
“the information collected is still limited to a few conditions, and there are
weaknesses in its completeness and quality” (Ministry of Health, Kenya,
2014).
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With 40 percent of the population living in rural areas (Central
Intelligence Agency, 2018a), the first level of health care (community) is
often the only access people have to clinical medication and vaccination.
CHVs therefore play an important role when planning health services and
ensuring these have sufficient commodities is important. In Malawi, an
SMS-based solution known as cStock is used by CHWs for reporting stock-
on-hand (SC4CCM, 2018a). When the health worker visits their local health
facility to resupply commodities, the facility has automatically predicted
the number of commodities the health worker should need, based on data
from the previous month. According to JSI, a United States-based NGO,
the solution is deemed successful in reducing stock outs (SC4CCM, 2018b).

5.2.3 Requirements

In the middle of 2017, JSI submitted a proposal to Canadian International
Development Agency (CIDP), requesting funding for a similar project
in Kenya. JSI wanted to replicate the cStock system, but in a generic
way. Malawi’s solution was specific to the country and unusable in
other contexts, but the new solution would attempt to overcome these
limitations. JSI also wanted to create the system in DHIS2. This was a
natural choice in Kenya where DHIS2 is already used as the main HMIS.
In addition, their updated health policy (Ministry of Health, Kenya, 2014)
requires all new, generated, health-related data to integrate with the main
database. Expanding DHIS2 to the logistics domain would require no such
integration at all.

The MoH also stated that the solution would have to work on Android
and gather more than just remaining stocks. The ministry argued that
since all CHVs have access to a mobile phone using Android, utilizing
the platform could help leverage the reporting process further, enabling
more sophisticated data reporting to the new cStock system. More detailed
predictions regarding resupply of CHVs, can potentially lead to less
commodity wastage and stock outs. In Malawi’s cStock system, the
CHWs only reported remaining commodity stocks each month. In Kenya’s
implementation, by using the Android app, CHVs should also report the
number of commodities given out and what they received the previous
month.

CHVs should also be able to order an emergency resupply in case they
go out of stock during the monthly supply period. When a resupply is
ready at the worker’s registered health facility, they should receive an
automated message telling them the order is ready to pick up. The cStock
system should know, if applicable, how long the CHV was out of stock, so
that this can be incorporated into the resupply prediction.

The new cStock implementation would only concern the facility- and
community levels of commodity management. Commodity distribution
from the national warehouse(s) to health facilities are managed by Kenya’s
own LMIS solution, which is not integrated with the main HMIS. This
essentially means that if a facility is out of stock, the cStock system will also
fail. On the other hand, cStock can focus on the distribution from facilities
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to health units and their CHVs, limiting its scope substantially.

5.2.4 Implementation

Kenya’s cStock system is implemented using a combination of DHIS2
modules. Monthly data reporting on commodity statistics is fed into the
Aggregate module, using an Android application at the community health
level. Emergency orders are implemented in the Tracker module using the
tracker capture feature, also in the Android app. Combining the various
data sets, the predictors feature of DHIS2 is used every month to estimate
the commodities each CHV should receive at the facility. All these features
are ment to be integrated with Kenya’s main HMIS when, and if, the project
is scaled to the national level.

Emergency orders are implemented in the Tracker module, using one
tracker program for each commodity with names such as ACT 18s Emergency
Order3. The programs consist of one programTrackedEntityAttribute and
two programStages. When a CHV is low on stock, they use the cStock
Android application to begin a program corresponding to the commodity
in question. Just one attribute is entered, and that is the number of
commodities left. When the cStock system has received the order, it notifies
the volunteer’s superior CHA by SMS. The assistant travels to the local
health facility store, requesting new commodities. He uses the cStock
app to trigger the first programStage, in which he enters 1) whether the
commodity is in stock or not, and 2) whether the resupply is ready to
pick up. Further, the CHV will receive an SMS when supplies are ready
to be picked up, or if the facility is out of stock. Eventually, once the CHV
has received their required supplies, they use the cStock app to trigger the
second programStage and enter the number of stock received. Figure 5.5
shows an illustration of the Tracker implementation.

Predictors are arguably the most notable feature of Kenya’s cStock
solution. In the case of other features, the development team has relied on
methods that are also used in other implementations of DHIS. Even though
the number of applications in the field of logistics are scarce, the technical
choices applied in the aggregate and Tracker modules are something the
software has been able to achieve for a while. However, this is different
with predictors. In fact, one of the DHIS2 implementers in the cStock
project, who is also a core developer for DHIS2, has added a number
of features to predictors (Github.com, 2018a). For instance, he included
support for the days keyword to predictor formulas, so that formulas can
be created without explicitly stating the number of days included in the
period. More importantly, he also added support for event- and tracker
data input. Before, predictors were only able to fetch information from
the aggregate part of DHIS2, but now, event data is also available to the

3ACT, or artemisinin-based combination therapy, and is a common and effective medicine
against Malaria (World Health Organization, 2018). The drug is delivered in pill form, with
six pills on each blister pack. The 18s notation translates to a dose of 3× 6 pills, which counts
as one commodity.
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Figure 5.5: DHIS2 Tracker implementation of Kenya’s emergency
order program (ACT 18s).

computation. Figure 5.6 shows a timeline for the development of predictors
in the DHIS2 core repository.

Figure 5.6: Timeline of core development on Predictors in DHIS2.
Taken from DHIS2’s commit log on (Github.com, 2018a).

Predictors are run every night so that updated, estimated values are
always available in the cStock dashboards. One of the most important
data values is generated by the Resupply predictor, of which there is one
per commodity. This value is what appears in the CHA’s dashboard and
decides how many of each commodity should be supplied to each CHV.
The formula for this predictor is rather complex, fetching information from
multiple sources two months back in time. The following code shows ACT
18s’s formula in string format, formatted with line breaks for readability.
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SUM(
<Previous Stock on Hand > +
<Monthly Received > -
<Stock on Hand >

) / SUM(
[days] -
IF( IsNull(<Stockout Days >),

0,
IF(<Stockout Days > > 10,

10,
<Stockout Days >

)
)

) * 60 - <Previous Stock on Hand >

Note that IDs are replaced by the name of their corresponding item.
As mentioned, predictors use aggregate functions to extract values from past
periods. In this example, the period is monthly and the sample count is
set to 2. Hence, the SUM function takes each item inside the parentheses
and extracts their values for the two previous months, then adds the results
together. The data elements of the first SUM-function come from aggregate
data. However, in the second SUM function, Stockout days is a program
indicator from the emergency order program. The formula uses the if and
isNull operators to ensure this value is always between 0 and 10. This
predictor therefore use all the new features implemented in the DHIS2 core
during cStock development. The following formula shows the predictor in
a mathematical notation, with Stockout days reduced to a variable.

∑m−1
i=m−2

p(i) + m(i) + s(i)

∑m−1
i=m−2

days − d(i)
× (60 − p)

In the formula, m−1 is the last month and m−2 is the month before last,
days is the total number of days captured by the aggregated function Σ,
and 0 ≤ stockout_days ≤ 10. p is the previous stock on hand at the
start of the month, m is the number of commodities received that month
and s is the stock on hand by the month’s end. The left hand side of the
multiplication calculates the average daily consumption for the commodity
in question, ignoring the stockout days. This is multiplied by the number of
days during the period (two months) minus the current stock on hand, i.e.
the number of usable commodities you have left. The result is the number
of commodities you should need for the next period.

This is just one of many predictors used in the cStock system. For each
commodity, there is also a predictor for the average monthly consumption,
the previous stock on hand, and four predictors for monitoring stock status,
adding to a total of seven predictors. The four stock status predictors
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gives an indication, for each CHV and each commodity, of whether that
commodity is overstocked, adequate, understocked or stocked out. When
this data is aggregated, typically in a CHA’s dashboard, it provides a quick
and valuable picture of the current situation.

5.2.5 Technical Discussion

All in all, the cStock system implements many traditional patterns seen
elsewhere in DHIS2, but also challenges the generic core by introducing a
new set of features in the predictors module. The aggregate- and Tracker
modules themselves are not used in any radical way, but the way they
combine in predictor formulas are all new to DHIS2’s generic core.

The emergency order program follows a fairly common pattern,
implemented in the Tracker module with a two-stage model. The program
is quite small, and only requires one attribute for the registered entity,
the Low Stock commodity count. The process of ordering an emergency
resupply at the CHV level is one that seems to suite the Tracker model well.
One notable property of this implementation is that the various programs
are specific to one commodity. This may seem redundant at first but is
essential for DHIS2 to be able to perform all predictions and send the result
to their corresponding data elements.

Indeed, the same property is seen in predictors. Just in the development
database, there are exactly 20 commodities whose stock is estimated using
predictors. Each commodity has seven predictors, adding to a total of
140 predictors. Out of those, 133 are similar, except for the pointers
embedded inside their formula, referring to various aggregate- and tracker
data on the owner commodity. In total, counting data elements, predictors,
programs and all their sub components, with the current solution, there
are around 42 items for each new commodity in cStock. This number is
also expected to increase further as the system gains more functionality.
With 20 commodities and 840 items, this adds up to a great number of very
similar entries in the persistent database. This data duplication is required
for DHIS2 to work. But even so, metadata doesn’t scale. If the system
is implemented nationwide, the number remains the same, and the actual
data values generated from using the system wouldn’t take more space
than a system where the metadata was generalized to one commodity.

On the other hand, the data values generated by predictors might
become a problem when scaling the system upwards. The current
implementation of predictors requires the resulting output to be stored in a
custom data element, and this data value is persisted in the database. With
enough users and CHVs, one can imagine this might become a bottleneck.

5.2.6 Reappropriation Process

The case in Kenya introduces a new and technologically sophisticated
method of estimating stock levels. This required development on the
DHIS2 predictors module, which were later added to the generic core.
Expanding the generic core was only practically possible because actual
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core developers from HISP was involved in the project. Yet in theory,
because DHIS2 is a FOSS, anyone with the required capabilities could do
the same in their own, local implementation.

By using the modified predictors module, the implementers in Kenya
could configure the metadata model to support the new features. The
emergency order program is what feeds the predictors’ formula and enables a
more accurate forecasting of commodities than possible in previous efforts.

Other than the back-end implementation, the custom cStock application
extends the innovative features to the CHVs. With the cStock app, they are
now able to report an emergency stockout through direct communication
with the DHIS2 server, which is hosted in the cloud.

5.2.7 Current Status

The project in Kenya is still ongoing and is currently being tested in selected
facilities. On paper, the design is quite sophisticated and the new method
of predicting stock levels looks very promising to prevent stockouts at the
village level. It remains, however, to see how well this works in practice,
and if the output of predictors cause any problems related to scalability
when the project is extended to more counties.

5.3 Uganda

5.3.1 Introduction

During a period between 2016 and 2017, two master students at the UIO
created a new, Tracker-based ordering system to use in Uganda’s antiretro-
viral (ARV) program. At the time, HISP Uganda and representatives from
the MoH showed great interest in using Tracker for commodity ordering.
After conducting several field trips to Uganda, gathering requirements and
a general understanding of the country’s health- and logistic systems, the
students attempted to create a generic, ordering based system. Eventually,
the system was deemed inapplicable because of several issues, especially
regarding the great deal of workarounds, and never surpassed the design
phase.

The following section investigates this case in an attempt to learn what
went wrong in the design and compare the system with other applications
of LMIS-type systems in DHIS2.

5.3.2 Context

Uganda is a developing country located in the central-eastern part of
Africa, west of Kenya and east of Congo. As a landlocked country with
great vegetation and fertile soils, agriculture is the most important sector
of the economy (Central Intelligence Agency, 2018b). Approximately 71
percent of the land is used for agriculture, and coffee accounts for 20
percent of the country’s exports.
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The country has a population of approximately 39 million residents,
of which 16,1 percent live in urban areas. While 55 percent of these
have access to electricity, the number is only 15 percent in rural areas.
Also, Uganda suffers from frequent power outages, as experienced by the
students during the field trips (Hagen, 2017). These outages were said to
last up to multiple hours or even days. For this reason, it is not uncommon
for health facilities and hospitals to keep a backup generator or power grid.

While fixed telephone lines are not very common, mobile cellular
services are rapidly growing. Third generation mobile network (3G) is
evolving fast, and 21.9 percent of the population now have access to the
Internet. The rapidly increasing mobile network can help deliver better
health services, beyond simple SMS reporting programs. As reported by
one student (Hagen, 2017), the MoH “has signed a contract with one main
telecom provider, giving health personnel access to the national reporting
services for free”.

Figure 5.7: Map of Uganda (Central Intelligence Agency, 2018b).

Health Context

The health services in Uganda are divided into seven levels. The first three
levels provide primary care to the community with outreach teams and
small clinics with or without an inpatient department. The fourth and
fifth level consist of health centers and smaller, district hospitals. Level six
and seven provides regional and national hospitals with more specialized
health services. In Uganda, roughly half of the health facilities are privately
owned, while the other half are public.

Uganda is plagued with a high prevalence of communicable diseases,
most notably HIV/AIDS but also other diseases such as tubercolosis and
malaria. Around 1.5 million people are currently living with HIV/AIDS,
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which is the top mortality cause with around 61.4 thousand deaths (17.1
percent) annually (WHO, 2018b).

DHIS2 has been used in Uganda for several years. The Ministry of
Health, public hospitals and facilities, as well as some private clinics and
hospitals use DHIS2 for managing routine health data. Some national
agencies operating in the country, such as Clinton Health Access Initiative
(CHAI) and USAID, also use the software. At the health facilities, routine
data is reported on a monthly basis as an integral part of the country’s
health information system. Recently, the country has also began using
DHIS2 for registering visits of mothers for antenatal care, using the DHIS2
Tracker module to register this event-based data.

The two master students found that generally, the software is well
known to CHWs, health managers and other stakeholders in the health
system (Hagen, 2017). Routine collection of HMIS data, and the new efforts
to use DHIS2 for tracking women’s health during and after pregnancy, have
produced valuable knowledge of using the system and its various modules.

In 2015, the MoH started a digitalization effort aimed towards using
DHIS2 for health commodity ordering, namely in the ARV program
for surpressing HIV progression. This effort was implemented in the
ordinary aggregation part of the software and used the standard Data
Entry application. Facilities that do not use DHIS2 are given a paper-based
version of the digital form, which is physically transported to the district
office, or sometimes directly to the national commodity warehouse. Here,
the District Health Officer or warehouse data clerks manually enters the
data into DHIS2, which is seen as a repetitive and straining task.

Context of Implementation

Within a period between 2016 and 2017, two master students at the UIO
conducted a series of field trips to Uganda. During the first field trip,
they found that the MoH showed an interest in migrating the current ARV
commodity ordering system to use the newer Tracker module. The students
found this an compelling subject for their theses, and wanted to aid this
migration. Subsequently, the following field trips were used to gather
requirements for this new, Tracker-based commodity ordering system and
test this implementation on actual end-users. During the field trips, the
students lived at HISP Uganda’s offices and communicated closely with
the team during the whole process.

In total, five weeks were spent specifically on facilitating the require-
ments needed for the new, Tracker-based commodity ordering tool (Hagen,
2017). While gathering the requirements, they focused on functional at-
tributes of the system, i.e. the required outputs DHIS2 should be able to
produce. Non-functional attributes were not considered.

5.3.3 Requirements

The functional requirements were divided into three health levels, namely
the local, district- and national level, corresponding with levels from the
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existing HMIS in Uganda. At the local level, the most important task is to
fill the commodity order reports. The ARV program depends on 34 health
commodities, and the health worker should report nine attributes for each
one:

• Adjusted AMC

• ART & PMTCT Consumption

• Closing Balance

• Days out of stock

• Losses / Adjustments

• Months of stock on-hand

• Opening Balance

• Quantity received

• Quantity required

After an order has been placed, some health facilities wanted a way for
a higher authority (e.g. the District Health Officer) to approve the order
before it is aggregated to the upper level, but this should be an optional
step. Also, health workers should be able to generate reports on previously
entered orders. The possibility of aggregating singular commodities were
also deemed benefitial.

At the district level, the system would have to generate reports for
facility stock statuses, and also the ability to investigate what has been
entered for each facility in the district. At the national level, various
stakeholders needed highly aggregated data for budgeting and planning.
The MoH wanted to receive reporting rate summaries, i.e. which facilities
has not been reporting in time. They also wanted aggregated stock statuses,
completeness reports, timeliness reports and patient summary reports for
the whole country. Stakeholders at the warehouses wanted the ability
to generate a stock distribution report, i.e. how the commodities are
distributed among facilities/districts.

5.3.4 Implementation

One of the students, having a background in UX design, wanted to improve
the workflow of creating the commodity reports by designing a better user
interface for data entry- and approval. The other student focused on the
system’s technical implementation in the Tracker module, as well as other
data structures needed to generate the required reports. Following is an
analysis of the back-end system.

The student wanted to make a generic commodity ordering system that
was not tailored to a specific health program. To achieve this, he created a
set of scripts and tools for generating a custom metadata structure within
DHIS2. Most importantly, this includes a JavaScript-based web tool that
lets the user generate a data structure supporting the logistics of a health
program with several sections and health commodities. Each commodity
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is mapped into ten data elements, describing various stages of the supply
chain. As an example, figure 5.8 shows the Tracker structure generated
based on Uganda’s ARV program.

Figure 5.8: Commodity order report implemented in DHIS2 Tracker.

In this metadata structure, the order is implemented as an event
program, i.e. a program with one stage and without any registration. Note
that this implementation was made for an older version of the software,
and there has since been some minor changes to the Tracker object structure
in the core. However, these changes would not affect the general design
decisions, only how the tools are used to build the metadata.

The single program stage represents an order event, which contains the
whole, digitalized commodity reporting form. For each commodity in the
health program, the tool creates ten associated data elements describing the
attributes of that commodity. In addition, there are two supporting data
elements per commodity, completed and applicable, that are used during the
data entry process. The program stage can be divided into sections for
grouping commodities together. Each section creates two corresponding
data elements that are also used in data entry, namely completed and
notApplicable.

The ARV program is logically divided into five program stage sections;
adult formulations, paediatric formulations, E-MTCT only formulations, third
line formulations and other formulations. With a total of 34 health commodi-
ties and nine attributes each, the total number of data elements becomes
(34 × (9 + 2)) + (5 × 2) = 384.

Generating Reports

A lot of the functional requirements focused on generating reports, needed
at various levels and used by different stakeholders in Uganda. Handling
these, the student utilized the custom reports function in DHIS2. These
enable the user to generate a report using both HTML, CSS and JavaScript.
By generating reports in this way, the JavaScript part can transform the
aggregated numbers on the client side before rendering the results in
HTML.
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5.3.5 Technical Discussion

The students found that implementing the Ugandan LMIS on top of DHIS2
was not all straightforward. Several workarounds or “hacks” were needed
to acquire all the functionality required by the various stakeholders.

One problem arose with the way the warehouses distribute commodi-
ties among their associated health facilities. The delivery trucks has a set
route, which takes approximately one month to complete. Hence, each
health facility has a different reporting- and delivery cycle. For instance,
one health facility may report on a period from the 2nd of may to the 2nd
of july. Another facility may use the same, bi-monthly commodity period,
but off shifted four days to the 6th. This behavior of varying periods was
found difficult to replicate in DHIS2, as the system relies on periods start-
ing at the beginning of a week, month, quarter etc. When generating a re-
port for such a facility, a custom script would specifically have to fetch data
from the correct days instead of using the reporting app’s own aggregation
techniques.

In general, reports would require quite a lot of JavaScript code, and the
results were found to be error-prone. Also, would any of the stakeholders
want to modify their reports, this would require a developer to modify
the report generation scripts accordingly. Alas, the reports were not very
flexible.

This leads us to a finding the students discovered during the creation
of the LMIS – the generic features of DHIS2 were found a double-edged
sword. “The possibility to create third-party applications on top of DHIS2
is both a strength and weakness at the same time: it makes special
adjustments to a specific context possible (such as using it as LMIS in
the ARV programme), but also make changing the software dependent on
higher skills required for the further evolution of the software”. While the
developer was able to achieve all the functional requirements, it wasn’t
without exploiting workarounds and “hacks”. The students wanted to
create a generic solution, but certain, atypical functional requirements
made this impossible in their customized version of DHIS2, and they ended
with a tailored solution, specific to Uganda’s commodity ordering routines.

Note, however, that the final implementation did not utilize any of
the more sophisticated features of DHIS2’ Tracker module. Instead of
using program rules, program indicators and other, functional abilities of
the module, they delayed such calculations to the JavaScript front-end
solutions. This design decision probably made it quicker to develop
the tools used to generate the metadata structure. On the other hand,
it evidently caused multiple problems down the line, because DHIS2
rely on such structures to automate processes during data analysis and -
presentation, causing the need for hacks and workarounds.

5.3.6 Reappropriation Process

With this implementation, DHIS2 is expanded to the logistics domain
by using a combination of metadata configuration, extensive client-side
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calculations and third-party end-user applications.
A web-based tool was made to generate the required event program

and supporting data structures, including data elements and data element
groups. In order to create the requested reports, the students had to
embed complex, JavaScript-based code in the default reporting application.
This resulted in a static solution which was difficult to modify after the
initial programming phase. Thus, the selected metadata structure required
multiple hacks and workarounds down the line, because the default tools
for data analysis and presentation did not support their design choices.

In addition to the tools, the students also developed the entryAndAp-
proval app on top of the generated metadata structure. The application
aimed to support the process of entering the digitalized stock inventory con-
trol cards by providing a custom, UX-centered interface. The app used the
web API for communication with the database. In case the internet went
down, the app stored the user’s state by using HTML5’s offline storage
capabilities, which is implemented in Google’s Chrome browser.

5.3.7 Current Status

As explained in great detail in section 3.5 on page 31, HISP Uganda chose
to abandon this implementation in favor of their own, custom LMIS, also
made within DHIS2. The main reason for doing so was the inevitable issues
related to scalability.

5.4 Case Comparison

In this section, I will examine my findings from the three cases and compare
the various implementations. Notably, I will highlight similarities in
the projects’ scope, requirements, architecture and design, and identified
processes of reappropriation.

5.4.1 Scope of Implementation

In terms of scale, the projects were all designed to support a nation-wide
release. Typically, such implementations goes through a prototype phase, if
only in a few health facilities or one selected district. If the implementation
is deemed successful, it is scaled further to the whole country. This goes for
all projects covered in the case study.

It is important to note, however, that the projects were meant for
different levels of the health system, ranging from the lowermost, village-
based health level to the uppermost level at the MoH. A different scope
means a greater range of users has to be accommodated for in the design
and development. An overview of the projects’ scope is seen in table 5.2 on
the next page.

Kenya is mostly concerned of the village level, where the LMIS is being
used to ensure CHVs are always stocked on crucial health commodities.
The system also reaches the local health facility level, where commodities
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Country Scope

Zambia Data collection at health facility level, reports at district
level.

Kenya Data collection at village level, aggregated data at health
facility level.

Uganda Data collection mostly at health facility level, reports at
district level, national warehouses and MoH.

Table 5.2: Comparison of LMIS scope.

are strategically distributed among the communities through the use of
actionable dashboards. In Zambia, the immunization registry is created
primarily for the health facility level. This is where the vaccination takes
place, and where the health worker enters the visit’s associated data on the
Tracker capture Android app.

On the other hand, Uganda’s commodity ordering and reporting
system has a wider scope, with functionality spanning all from the national
warehouses and the MoH to the local health facilities. However, the upper
health levels are mostly concerned of reports and aggregated data. The
data collection phase, having the highest workload, is done either by the
health facilities or a district health office. In some cases, the reporting forms
were also filled by stakeholders at the national warehouses.

5.4.2 Usage of DHIS2

Table 5.3 on the following page shows an overview of which components
of DHIS2 the various implementations use. As shown, all the projects use
the Tracker module and analytics (aggregated) data, but there are notable
differences in usage of other modules.

For instance, Kenya’s commodity data is aggregated with traditional,
three-dimensional data capture (what, where, when). Only the emergency
order feature is implemented in the Tracker module. These data sets are
mixed in the predictors module, which at the time was not yet possible, but
implemented ad-hoc by the core development team.

Zambia is the only project using two Tracker implementations; one for
child immunization and another for stock control card reports. In addition,
parts of Zambia’s system is implemented as mobile applications, using
the old Android SDK. As elaborated in section 5.1 on page 49, inability
to deliver timely functionality on this platform is what ultimately caused
the project’s failure.

5.4.3 Usage of Tracker

All projects from the case studies use the Tracker module for supporting
some process of the LMIS. This includes Zambia’s immunization- and stock
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Feature Zambia Kenya Uganda

Analytics X X X

Android X X

Aggregate X

Predictors X

Tracker X X X

Table 5.3: DHIS2 modules used in the projects.

programs, Kenya’s emergency order program and Uganda’s commodity
order and reporting program. However, there are numerous differences
to the features and sub-modules they use. As mentioned in section 2.3.3
and illustrated in Figure 2.5 on page 16, the Tracker module is highly
configurable. Program rules (with variables), indicators, notifications
and stage sections are all optional features that may enhance some
implementations but are not required in others.

Table 5.4 on the next page shows a comparison of how the Tracker
features are used in the projects. Most notably, the Tracker module
distinguishes between a program with some registered entity (tracker
program) and programs without registration (event programs). Out of the
four Tracker implementations (one in Zambia and Uganda, two in Kenya),
Zambia’s immunization program and Kenya’s emergency order program
are both programs with registration. The first has only one, but repeatable
program stage. In this way, a child (the “entity” being vaccinated) can
be registered once but tracked through multiple visits to the local health
facility. The program rules control which fields are displayed on each
visit. In the case of Kenya’s emergency order program, this is the only
implementation with multiple program stages; one stage for processing
the order, and another stage for registering receival of the replenished
commodity.

Zambia’s stock program and Uganda’s commodity reporting program
(i.e. digitalized stock inventory control cards) are quite similar in terms
of architecture. This makes sense, as they deliver roughly the same
functionality – reporting commodity usage at a health facility level. There
are two notable differences, however. One is scale: the stock control card
in Zambia concern only six different health commodities (vaccines for
children). Uganda’s ARV program reports a total of 34. Another difference
is that Zambia’s program embeds a total of 30 program rules. These make
the data entry process a bit more dynamic, with minor value restrictors
and by hiding inapplicable fields. In the Ugandan system, such details are
rather implemented in the custom, UX-centered entryAndApproval app.
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Feature Zambia Imm. Zambia Stock Kenya Uganda

With registration X X

Multi-stage X

Sections X X X

Rules X X X

Indicators X X

Notifications X

Table 5.4: Tracker features found in the projects.

Usage of flexible
properties

Zambia Kenya Uganda

Source code
changes

Further development
of the official Tracker
capture app

Additions to
Predictors module

None

Metadata
configuration

Tracker- and event
program, supporting
metadata structures

Tracker program,
supporting metadata
structures

Event program,
supporting metadata
structures

Boundary
resources

Two custom Android
apps

Custom Android app Custom web
application

Table 5.5: Flexible properties used in the projects.

5.4.4 Reappropriation Processes

The projects used a variety of methods in order to meet the required func-
tionality from the logistics domain. In one case, the DHIS2 core was modi-
fied with additional functionality. In another case, the implementation re-
quired additional functionality in an official Android app. All the imple-
mentations configured the metadata model to reflect and support logistical
purposes, including heavy use of the Tracker module. In addition, all the
implementations used the core’s web API to create custom applications on
top of the metadata structure. Table 5.5 shows an overview of the flexible
properties used.
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Chapter 6

Discussion

In this chapter, the empirical findings from the cases in Zambia, Kenya
and Uganda are discussed in light of the theoretical frameworks and
relevant literature discussed in chapter 4. During our literature review, we
found no evidence of an existing framework that describes the process of
reappropriation. Thus, in an attempt to examine this phenomenon in detail, I
apply the concepts of socio-technical generativity as presented by Msiska and
Nielsen (2017). By highlighting the generative mechanisms of DHIS2 and
the surrounding ecosystem, we may discover what features of the HMISs
that are used to adapt the system towards the domain of logistics. First, the
platform-like architecture of DHIS2 is examined and how the generative
capacity is used to configure the system’s core, create custom applications
and enable end-users to meet the functional requirements of an LMIS.
Next, I evaluate how the heterogeneous actors involved in the projects have
formed generative relationships that support the reappropriation process.
By examining the social aspect, I also highlight how end-users must be
trained for the new implementation and how they form the design through
participation.

Furthermore, I generalize the case study and answer the research ques-
tion of this thesis; How can an information system be reappropriated for use
in other domains? By combining the findings with supporting literature, I
propose a model that captures the essence of the socio-technical reappro-
priation process, together with a table showing a detailed summary of the
technical enablers. All three cases are considered in this model, as they all
show qualitites that are beneficial to the process. Yet, the implementation
in Kenya is especially weighted because the other implementations did not
surpass the testing phase, and “deriving ideal types is typically seen as a
useful starting-point for theory generation” (Henfridsson & Bygstad, 2013).
Finally, I use the model to reflect on identified issues from the case study,
and propose a set of potential improvements to DHIS2 that may further
enable processes of reappropriation.
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6.1 Perspectives on DHIS2

In this section, I describe how DHIS2 can be seen as an information
infrastructure with an embedded platform ecosystem. This is essential to the
subsequent analysis, as most applied theories build upon one of these two
perspectives. The two theories does not contradict each other – rather, they
represent “lenses” that let us examine different parts of the larger, global
ecosystem.

6.1.1 DHIS2 as an Information Infrastructure

The ecosystem of DHIS2 is a global community, composed of a centrally
governed, generic core and a multitude of autonomous, local implementa-
tions. As a FOSS, the core is universally open for anyone to fork and extend.
In addition, the core is constantly evolving, both through open generification
(Gizaw et al., 2017) and management of collective requirements through the
JIRA platform. DHIS2 is resursively composed of IT capabilities, including
the local innovations, a central App Store and third-party extensions. Using
this broad perspective, the information system closely resembles an infor-
mation infrastructure (Hanseth & Lyytinen, 2010). More specifically, DHIS2
fits the the complexity model as explained by Jørn Braa et al. (2007), high-
lighting the complexity of digital infrastructures as a “multitude of actors
simultaneously enacting their own goals”. In our case, the main goal is im-
proving the difficult health situation in developing countries. The various
actors include the global HISP community, NGOs, national governments
and end-users of DHIS2.

An II is characterized by its emergent and structural properties. First,
DHIS2 is universally shared among the community, evolving freely with
multiple, parallel implementations. Second, its evolution is path dependent,
meaning decisions today may have tremendous impact in the future. There
are numerous examples of how a local innovation, developed “ad hoc”
for a certain implementation, has been embedded into the generic core at
a later stage. For instance, nobody could foresee how the Indian patient
tracker would eventually become a crucial part of DHIS2’s metadata model
as the generic Tracker module. Third, the ecosystem of DHIS2 consists of a
multitude of heterogeneous stakeholders, both in the global community
and national implementations. A summary of DHIS2’s emergent and
structural properties are given in table 6.1 on the next page.

6.1.2 DHIS2 as a Platform

One can also view DHIS2 as a platform ecosystem. According to Tiwana
(2013), a platform is multisided, has a core software that supply some form
of value, and complementary apps that extend the core’s set of features.
The core in DHIS2 is the monolithic Java application that serves the
modular metadata model, web portal and bundled applications. Since the
introduction of a web-based API, third-party developers can create apps
that communicate with the core software. Third-party applications must
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II Property Description

Shared Free and open-source, generic third-party applications
can be shared through the App Store.

Open Allowing unlimited implementations and “fringes” from
the generic core.

Heterogeneous Different social stakeholders including core developers,
third-party developers, HISP implementers, international
NGOs, Ministries of Health, health workers, end-users.

Various technical components such as cloud servers,
mobile phones and tablets, wireless infrastructure,
laptops and desktop computers.

Evolving Increasing number of parallel implementations, core
evolving through open generification.

Organizing
principle

Recursively composed of a shared, generic core, local
implementations and innovations, a central App Store.

Control Generic core centrally controlled by HISP with forking
possible, local implementations controlled by authorities.

Table 6.1: Emergent and structural properties of DHIS2.

not, but can be uploaded to the shared App Store if they are made generic,
i.e. they can handle all configurations of the metadata model at a specific
version of DHIS2. In this way, local innovations can be shared with the
community at large.

DHIS2 differs from traditional platforms ecosystems such as Apple’s
iPhone or Mark Zuckerberg’s Facebook. First, as explained in section 2.3.3
on page 12, there are plans to seperate the core into microservices, which
means the core itself will be made modular, and the implementer can
pick and choose which modules they need and ignore the rest. Second,
there are a tremendous amount of different stakeholders, which is not
suprising given the heterogeneous nature of DHIS2. Third, the App Store
is still young and has yet to see a lot of third-party applications, and
most custom applications exist outside the app store because they are not
generic, but specific to an implementation. Fourth, the App Store’s typical
user is the DHIS2 implementer, i.e. the ones responsible for configuring
and maintaining the instance. Health workers can use third-party apps,
but are unable to install them as that requires administration permissions.
Fifth, unlike traditional platform ecosystems, DHIS2 is not fully governed
by its creator, HISP. Development on the generic core is only done by HISP,
but anyone can in theory fork it and develop it further to their liking. Forking
is disencouraged, however, because a modified core might be incompatible
with future updates from the governed core. Effectively, heavily modified
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Platform property Description

Multisidedness Core developers, community developers, health workers,
super users, government department (typically Ministry
of Health), NGOs etc.

Network effects More users of DHIS2 increases incentive for developers to
create and share apps. More developers adds value to the
users. More users lead to greater incentives for
international donors to support core development and
individual projects.

Architecture of
core and apps

Monolithic core, but served as highly configurable
modules. Web API that enables development of
complementary apps that extend the core. Separate App
Store for sharing such applications. Another platform for
sharing metadata configurations currently in
development.

Governance Core is maintained by HISP UIO, roadmap is decided by
community interests. Collective requirements are
managed in the JIRA platform. Local innovations may be
embedded into the generic core. Everyone can in theory fork
and modify the core, but forking is disencouraged.

Table 6.2: Platform properties of DHIS2.

implementations will “opt out” of the community development. Table 6.2
shows a summary of the platform properties apparent in DHIS2.

Roland et al. (2017, 2) explores how the architectural choices of
a platform affects flexibility for design and use, with a view on the
architecture as the “inner structure of a system, the components, what
they do, and how they interact”. As illustrated in figure 4.3 on page 41,
they create a model for building a platform architecture that enhances
participatory design. The model shows how different components of the
architecture compare in terms of flexibility. The generic core is highly
flexible in terms of usage, but difficult to extend and thus low on design
flexibility. On the other hand, complementary apps are easy to design
and modify, but offers little usage flexibility because they are most often
designed towards very specific use-cases. In the next section, this view on
flexibility is used as a foundation for analysing the technical, generative
properties found in the case study.

6.2 Technical Enablers of Reappropriation

In their article on functional architecting, Nielsen and Sæbø (2016) present
challenges that emerge when extending an existing information system
to new use-cases. One challenge is that moving into a new domain
requires considerations on how to configure the system logically. Given
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a platform architecture, the software core may need modification, or the
new features may be developed as a complementary app. This section
will investigate how the flexible components and generative properties of
DHIS2 are configured, combined and exploited in an attempt to use the
system as an LMIS.

6.2.1 Configuration of the Core

In the model presented by Roland et al. (2017, 2), the generic core is said
to have a low design flexibility, but high use flexibility. This description
matches well with DHIS2. The core offers a high use flexibility by
providing the metadata model, which makes the information system
configurable to a large amount of settings. In addition, the source code
is itself flexible and accessible as a FOSS, but changes in the code are far
less accessible and significantly more complex than the flexibility offered
by the metadata model.

The case in Kenya included a change in the source code of DHIS2. Yet,
the programming was done by one of the HISP implementers who are also
employed by the University of Oslo as a back-end developer. Changes in
the code requires great insight in both the Java programming language and
the core’s general architecture. Thus, it is safe to say the design flexibility
in the generic core is rather low.

On the other hand, all three cases involved a great amount of metadata
configuration, i.e. use flexibility. All three implementations created
a metadata structure that represented the domain of logistics, through
configuration of data elements, indicators, categories etc. The Tracker module,
which has become highly modular and can be used to track any arbitrary
entity, is seen to cover crucial functionality in all three projects. For
instance, the stock inventory card was digitalized in both Zambia and
Uganda, configured as an event program. In Kenya, health commodities
were reported in the more traditional, three-dimensional data aggregation
approach. The child immunization program was used to further monitor
the commodity stock levels.

The metadata configuration of DHIS2 can be said to leverage the infor-
mation system by enabling functions that were not previously available.
Even though the system is made as an HMIS, the metadata model’s adapt-
ability makes it configurable for other purposes as well. Figure 6.1 on the
next page illustrates how the metadata of DHIS2 can be used to reappro-
priate the system for another domain.

Effect on the Bundled Apps

The choices made in the metadata model are reflected in the apps that
come bundled with DHIS2. For instance, all installations include the
Pivot table app which is used to represent collected data in any dimension.
There are also a number of graphical applications, namely the Visualizer
app and the Maps app, a GIS that visualizes location-based data, based
on the organization units connected to each data element. These data
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Figure 6.1: Reappropriation through metadata configuration.

representations can be combined as modules in the Dashboard app. All the
apps use the underlying metadata structure, so that the table, graph or map
appropriately reflects the context or domain.

In Kenya, the emergency order program, in combination with predictors,
was used to forecast the amount of health commodities required for each
CHV. The predicted amount, per commodity, was subsequently written to
a custom data element. By using the pivot table, the developers created a
Dashboard that shows the current stock level of each CHV in one, specific
Community Health Unit, as well as the estimated resupply amount. This
dashboard can be used by the CHA managing the health unit. In this way,
the bundled apps’ flexibility is a result of metadata configuration.

End-user Development

Configuration of the core is a crucial phase of reappropriation because
it sets the assumptions for the outer layers. In DHIS2, the core’s usage
flexibility is reflected in the metadata model. One one hand, a successful
metadata structure is one that enables the implementation to meet the
functional requirements, by allowing developers to create specific solutions
on top of an architecture that is tailored towards the unique context or
domain. On the other, a faulty configuration of the metadata model can
lead to problems down the line. In Uganda, the initial design choices lead
to problems with data aggregation, and required the developers to add
“hacks” and workarounds to meet the functional requirements of the users.
Because the applications were developed towards the specific metadata
structure, it was impossible to change the metadata at a later stage because
this would involve a rewrite of everything. Thus, design choices made in
the core are propagated to the outer layers and issues with the design often
become imminent at a later stage of the implementation.

In DHIS2, there are two primary options for configuring the core.
One way is to communicate directly with the web API, using its REST
architecture and modify the metadata structure via CRUD1 operations.
Another option is to use the Maintenance app and configure the core in a
graphical user interface. The latter option requires no programming skills

1CRUD: Create, read, update and delete
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and can be viewed as an end user development (EUD)2 tool. In EUD, you
erase the border between developers and users of the system, allowing
the user (in our case, implementers) to complete the system themselves
(Fischer et al., 2004). Using such tools to establish the metadata structure
is a powerful mechanism because it reduces the need for expert developers
to participate in the design process.

Using the Maintenance app, an implementer is able to configure most
parts of the metadata model. As of DHIS 2.29, this includes a graphical
representation of Tracker programs, which is useful when designing
process-oriented features like Kenya’s Emergency order program. Also, the
Maintenance app supplies a “graphical programming” tool which is used
to create formulas for predictors and validation rules, as seen in figure 6.2.
The former was also used in Kenya’s implementation. Predictors are
originally designed for disease surveillance, which is reflected in the official
DHIS2 documentation. Yet, the EUD tool can also be used in other
domains, such as offering more precise commodity forecasting in Kenya’s
implementation. With the addition of event/tracker-based data sources,
the module offers a wide range of opportunities for the implementer.

By offering these EUD tools, DHIS2 lowers the threshold for users to
configure the system. The Maintenance app serves an alternative perspective
on the metadata model, increasing the system’s ease of mastery. In a
low-resource settings, namely developing countries and “fringes” of the
ecosystem, these tools are empowering to the user and reduces the need
for DHIS2 Experts to support the design of local implementations.

Figure 6.2: Graphical creation of a sample predictor formula.

Standards and Best Practices

Standards are essential building blocks in large-scale and complex infor-
mation systems (Nielsen, 2016). In an information infrastructure, the large

2When talking of end-user development in DHIS2, I regard super-users and implementers
as end-users of the system.
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number of heterogeneous systems often need integration, and standards
are an effective approach to ensure the data are understood correctly and
parsed similarly in all components. According to Jørn Braa and Sahay
(2012), interoperability is one way of achieving integration, defined by “the
ability of a system to use and share information or functionality, of another
system by adhering to common standards”.

When expanding an information system to another domain, standards
can be used to ensure the new implementation is interoperable with the
existing installed base. For instance, as mentioned in section 5.2.2 on
page 58, Kenya’s MoH has a policy that all new systems that may benefit
the main HMIS must be integrated. Ensuring the new, LMIS-related data
elements are interoperable with the HMIS is a cheap, but effective way of
leveraging the installed base.

The implementation in Uganda was disregarded because of various,
technical issues, one of which related to the system’s ability to scale.
When designing the metadata model, the student settled on a structure
that was not too complex, but traded this complexity with less scalability.
As a result, the solution created a lot of redundant data elements that
became difficult to manage during data processing. This trade-off between
scalability and complexity can become difficult to balance, especially
considering the vast amount of permutations possible with DHIS2’s
flexible metadata model. Experimenting with different configurations can
be a huge time-constraint. But if a few, maybe only one, organization
has created a successful configuration, the same practice may be used as
inspiration for other, similar settings.

Yeow and Sia (2008) describes best practices as “a set of proven business
methods or an exemplary business scenario pre-configured within the
software”. A proven method may not achieve the same result in another
setting, and may need to “gain legitimacy” in a dynamic, political process
(Yeow & Sia, 2008). Yet, they may serve as a technical foundation that is
field-tested for attributes such as complexity and efficiency in a real-world
context. Thus, best practices can offer transferability from one context to
another.

6.2.2 Custom Applications

The case study shows that all the attempts at reappropriating DHIS2 for
logistics included the development of third-party applications, which used
the web API to communicate with the core software. In two of three cases,
this included custom Android applications, namely the cStock app and
the EIR Reports app. The implementation in Uganda used a custom web
application, the entryAndApproval app, for filling the commodity report
forms. These apps are rather lightweight, and are designed towards
specific use-cases. As a result, they are low on use flexibility, but easy to
design. For instance, the entryAndApproval app assumes a very specific
metadata structure – like the one generated by the tools created with the
implementation in Uganda. If this structure is absent from the DHIS2
instance, the app is unusable. By assuming a certain metadata structure,
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the developers can ignore other possibilities. In contrast, the bundled apps
have to accommodate every, possible structure by using schemas, an API
endpoint that tells the developer exactly how the metadata is configured.

The web API serves the boundary resources of DHIS2. The ability to
develop custom applications on top of the core functionality makes the
system adaptable to a wide range of use-cases. These apps can complement
the bundled apps, or supply functionality towards very specific purposes.
For instance, the entryAndApproval app is made specifically for health
facility workers in Uganda, and was made in iterative phases with multiple
field-visits to test the app on actual end-users.

Documentation

A platform’s boundary resources should come bundled with comprehen-
sive documentation in order to support third-party developers’ ability to
build complementary apps on top. Documentation may be especially cru-
cial in low-resource settings such as developing countries. The projects in
Zambia, Kenya and Uganda either had close access to or was developed in
collaboration with DHIS2 experts, but this does not apply for everyone.

Msiska and Nielsen (2017) found that in large software ecosystems,
the underlying, technical architecture was often known only between the
core developers, with little to no documentation available. Documentation
on the system may be especially important when reappropriating an
information system to other domains. Reappropriation requires a certain
amount of creativity and innovation, exploiting the system’s generative
features in a new approach. This feat arguably requires an extraordinary
insight in the underlying architecture, and comprehensive documentation
can help achieve such a level of understanding.

6.2.3 Generative capacity

As described in section 4.7 on page 42, generativity “is a function of a
technology’s capacity for leverage across a range of tasks, adaptability
to a range of different tasks, ease of mastery, and accessibility” (Zittrain,
2006). In all three implementations examined in the case study, the
existing installation of DHIS2 is used in new and unticipated ways. These
implementations are built upon the installed base, not only involving
the software but also computers, servers, health workers and other,
heterogeneous actors involved in the existing HMIS. In that matter, DHIS2
is accessible to the stakeholders initially pursuing the idea of building an
LMIS with the system.

The core software and bundled apps are used to for leverage towards
the logistics domain. Yet, the software is initially unable to handle health
commodity management, and is adapted on multiple levels. First, the
flexible metadata model is configured to reflect the new domain. Second,
custom applications are built by using the web API. Third, the existing
user-base and potentially new end-users are teached or re-trained to
manage the new functionality. In the first phase, end-user development
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tools may be used to support an easier metadata configuration, thus
serving access and an “ease of mastery” to those unskilled to use the web
API.

6.3 Social Enablers of Reappropriation

Nielsen and Sæbø (2016) found that a technology’s generative capacity
can not be seen in isolation, but must be appropriately paired with
Lane’s (2011) theory on generative relationships in what they call socio-
technical generativity. Generative relationships express a number of
properties, including aligned directedness, heterogeneity, mutual directedness,
appropriate permissions and action opportunities. In this section, the case
implementations are investigated in regards to these social relations.

6.3.1 Generative Relationships

There were numerous actors involved in all, three projects, all with
the common goal of adapting DHIS2 as an LMIS. For instance, the
Better immunization data initiative in Zambia involved both DHIS2 Experts
from the University of Oslo, representatives from the PATH global
health organization and Zambia’s own MoH. The actors have different
motivations; HISP wants to experiment with using DHIS2 for logistics, for
the public good. PATH wants to improve the health situation in developing
countries by strengthening health systems and advancing technology. The
MoH obviusly wants to strengthen their own country’s health system and
build a better infrastructure for managing the routine immunization of
their children. The numerous donors might have differenct incentives for
supporting each project, but their common vision is aligned.

The heterogeneous actors are seen to complement each other’s differ-
ences in terms of background, knowledge and competence. For instance,
HISP UIO has a deep insight in DHIS2, while country representatives knew
the current HMIS well, in addition to the current workflow and organiza-
tional routines. The individual actors were given access to the resources
they needed. For instance, in Zambia and Kenya, the developers from UIO
were given access to the existing, installed base during the prototyping
phase. In Uganda, the students were guided by HISP and aided during
their initial field visits, that were essential for capturing all the functional
requirements of the proposed LMIS implementation. All these relations
guided the implementation process and enhanced the generative capacity
of DHIS2 so that processes of innovation could take place.

All three projects involved a heteregenous group of different actors,
all with the common goal of using DHIS2 as an LMIS. The student
effort in Uganda, being of an experimental and research-oriented nature,
kept a close connection with the national HISP group. Recreating the
ARV program using the Tracker module was a mutual interest for both
groups. While the students wanted to explore this area in terms of action
research and system development, the HISP group wanted to exploit the
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potential of DHIS2 by digitalizing the reporting routines and creating a
more effective health commodity management system. The student led
the development, but received much support from the HISP groups in
both Kampala and Oslo. HISP Uganda aided their field trips, ensuring
the functional requirements from the new domain were gathered. The later
field trips ensured the system was designed for the end-users, closing the
design-reality gap through iterations of participatory design. Also, trips
to the national warehouses were conducted, connecting the students with
experts in the logistical issues surrounding the supply chain at large.

Like so, the actors complemented each other’s differences in terms of
background, knowledge and competence. The projects in Zambia and
Kenya, being larger initiatives, had a greater number of actors. For
instance, the BID initiative in Zambia was primarily developed by DHIS2
Experts from the University of Oslo. Representatives from PATH, an NGO
with a focus on data-driven decision-making, supported the management,
planning and followed the whole implementation process. In addition,
the MoH participated actively in the process. Each heterogeneous actor
had a slightly different motivation, but the same mutual directedness.
HISP wants to experiment with using DHIS2 for logistics, for the public
good. As co-developers of DHIS2, the participants from HISP has great
insight in the metadata model and architecture. In addition, they have
access to the whole network of HISP groups around the world, with
different experiences and capacity, which enabled them to outsource
further development on the official Tracker Capture app to core developers
at the University of Oslo. PATH wants to improve the health situation in
developing countries, with a particular focus on vaccination and drugs.
Hence, the organization was already experienced with logistical questions
and could supply the project with valuable domain knowledge. Finally, the
MoH wants to strengthen their country’s health system and build a better
infrastructure for managing the routine immunization of their children. As
a significant authority, the MoH were able to grant appropriate permissions
to the existing, installed base, enabling the other actors to develop the LMIS
with less external constraints.

These generative relationships between the heterogeneous actors were
essential to ensuring the projects successfully covered the functional
requirements from the domain of logistics. While the generative capacity
of the underlying technology might be able to adapt the system to
unanticipated use-cases, these relationships ensured the actors could
complement each other in terms of knowledge, social structure and
appropriate permissions. In a reappropriation process, Nielsen and Sæbø
(2016) argue knowledge of the new domain is essential. Thus, matching
these domain experts together with the system developers is a crucial
step towards a successful implementation. A summary of the generative
relationships, per implementation, is found in table 6.3 on the next page.
Note that this is not a complete list, as there are several other actors
involved in the projects, including the health facility managers, data clerks,
patients etc.
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Heterogeneous actor Motivation Contribution

Students Research Relevant education in
systems development and
UX design.

HISP UiO Research, exploring new
usages of DHIS2

Valuable insight the design
and architecture of DHIS2.

NGOs Global mission of
strengthening health
situation

Specialized knowledge of
similar implementations,
project planning.

Ministry of Health Strengthening medical
logistics, better use of
resources

Access and insight in
installed base.

Community health workers Ensuring access to crucial
health commodities

Organizational routines, field
experience.

Table 6.3: Heterogeneous actors, motives and contributions to the
HMIS–LMIS reappropriation process.

6.3.2 Cultivation and Participatory Design

An information system “must grow into place” in what is called “cultiva-
tion” rather than “construction” (Kossi et al., 2012). Research on HIS em-
phasize the need to engage the community when designing and develop-
ing the system, in an attempt to build a strong information culture. A culture
of information means that the health workers/end-users know how to col-
lect quality data, how to analyze the data and further use it for evidence
based decision-making (Jørn Braa & Sahay, 2012). In order to establish this
culture, end-users must be trained to understand how the system is used
and why they use it.

As mentioned in section 2.4 on page 19, one characteristic with
expanding DHIS2 into logistics is that because the two domains are closely
related one may use the same health workers to collect data in the LMIS as
are already used to the main HMIS. Yet, the projects in Zambia and Kenya
both created comprehensive end-user manuals for the health workers,
explaning the work flow in great detail. All three projects conducted field
testing of the system, a form of participatory design (Titlestad et al., 2009,
1). In Zambia and Kenya, health workers were taught how to use the
applications through a series of workshops. This means that even though
other parts of the IS is well known to the end-user, training remains an
important part of the reappropriation process.

6.4 A Model for Reappropriation

I have now analyzed the three LMIS implementations and the role of
socio-technical generativity in the process of reapporpriating an information
system for another domain. As elaborated in the literature review,
previous research on this topic were found rather limited. Literature
on generic information systems concern the transferability from one
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organization to another. Relevant literature on information infrastructures
and software platforms help us focus on the circumstances surrounding
these large software ecosystems, complemented by research on innovation
in developing countries. The main contribution of this thesis, however, is to
explore how an information system may be adapted to a context outside its
original domain. By applying socio-technical generativity, I have emphasized
the technical enablers required to make this transition, as well as the social
relations that are found necessary to complement the process at the unique
site of implementation.

Combining the technical and social enablers, we may create a model for
reappropriation, as shown in figure 6.3. From left to right, the model shows
how the social and technical enablers may support the process, starting
from a generic software core and approaching the functional requirements
from the other domain. The technical enablers are split into three layers,
namely customization of the flexible core, development of complementary
apps and enabling tools for the end-user. One must recognize the phases
should not be followed in a strict order from left to right. Rather, the model
should be followed in iterative cycles, with the technical and social enablers
used as guidelines along the way.

Functional requirements 
of the new domain 

Generic 
Core 

CORE

Technical enablers

Social enablers

APPS
USERS

Flexibility 
End-user development 
Standards, best practices 

Boundary resources 
Documentation 
Sharing of applications 

Computers 
Mobile phones 
Tablets 

Aligned and mutual directedness, heterogeneity, appropriate permission 
Cultivation and training, Participatory design 

Figure 6.3: Reappropriation in a platform architecture.

The observant reader may notice the model resembles a cutout from
Roland et al.’s (2017, 2) model of participatory design in a platform archi-
tecture, as shown in figure 4.3 on page 41. The model of reappropriation
does assume the information system resembles a platform-like architecture,
providing a flexible core and the ability to develop complementary apps on
top.

Evaluating the case study, the platform-like architecture of DHIS2 was
found to express different generative properties. The core software and
the bundled apps were found to leverage the users towards the domain of
logistics, but not before adapting the information system to appropriately
fit the new domain. The end-user development tools are found to serve
an additional ease of mastery, which is especially empowering in a low-
resource setting. Easy access to the system was also crucial to the process.
In addition to DHIS2 being free and open source, the installed base, i.e. the
current HMISs with people, activities and artifacts, was used as a strong
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Generative property Core Apps Users

Leverage Core and bundled
apps

Custom
applications

Adaptability Core configuration Boundary
resources

Training

Ease of mastery End-user
development

Documentation
and support
libraries

User experience-
and participatory
design

Transferability Sharing of custom
configura-
tions/templates

Sharing of apps Standardized
workflow

Accessibility Free and
open-source, best
practices

Documentation Computers,
tablets, mobile
phones

Table 6.4: Reappropriation in a generative technology.

foundation for approaching the new domain.
Table 6.4 shows a detailed overview of the technical enablers of an

information system that offers the necessary flexibility, accessability and
ease of mastery to enable the process of reappropriation.

With all this in mind, we may answer the research question; How can
an information system be reappropriated for use in other domains? I assume that
the information system is structured in a platform-like architecture, with a
core serving a set of boundary resources. By recognizing the socio-technical
aspects of information systems, I argue a reappropriation from one domain
to another requires both technical and social enablers, and that there is a
generative fit between the two. Thus, the answer is twofold:

• Technical enablers: The reappropriation process requires the infor-
mation system to express a certain generative capacity, including a
configurable core, adapted to the new domain by system experts, so-
phisticated end-user development tools or community endorsement
of best practices; the ability to develop custom applications that com-
municate with the core, supported by extensive documentation; and
the computers, gadgets and infrastructure that support the operation
of said applications.

• Social enablers: Assisting the technical enablers, the process also
requires a diversity of heterogeneous stakeholders that participate
in the process through aligned and mutual directedness, comple-
menting each other’s knowledge, permissions, social standing and
resources. The information system must “grow” into use by the
processes of cultivation and participatory design, in which the end-
users actively participate in the design process and are appropriately
trained to meet the functional requirements of the new domain.
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6.5 Applying the Model to DHIS2

In this section, we will turn our focus back to the case study and apply the
reappropriation model to the implementations. While the project in Kenya
is currently being rolled out, and thus hard to judge, Zambia’s Electronic
Immunization Registry and Uganda’s commodity management system both
encountered challenges which ultimately caused their termination.

6.5.1 Identified Issues

As described in section 5.3.5 on page 69, the students working on the
implementation in Uganda found the generic features of DHIS2 a double-
edged sword. It allowed the students to create an LMIS for the country’s
ARV health programme by creating a third-party applications on top of the
core, but configuration and usage of the modified core required a “higher
set of skills”, causing problems at a later stage. This issue can be somewhat
lessened with better documentation on how to manage the core, as well
as better documentation on creating custom applications. Also, inspecting
best practices from other implementations may have caused the students
to avoid common pitfalls during metadata configuration.

Polak (2015) explored the platformization process of DHIS2 and found
a severe lack of developer-oriented documentation. The documentation
primarily targeted the web API, and described this in great technical
details, but failed to guide developers on how to use this API in third-
party applications. This has improved some since his thesis was written in
2015, but the current documentation is mostly scattered among the bundled
apps and support libraries used in by core DHIS2 developers. There is still
no central resource hub for third-party developers eager to create custom
applications. This lack of resources and support is reflected by the DHIS2
community. A fellow master traveled to Malawi during a case study, and
helped to hold a seminar regarding Android development on the DHIS2
platform. Two attendees needed help on “building” the core Android app
on their own computer. The lack of documentation on this matter had
caused them to travel all the way from a neighboring country, just to receive
help on this seemingly easy feat.

In Zambia, slow development on the Android platform is what caused
the MoH to abandon the solution and rather use another information
system as an LMIS. At the time, there were numerous issues with the
Android development process, and the core team at UIO were not able to
deliver the extra functionality required for the official Tracker Capture app
in time. Also, another custom application, the EIR Reports app, could not
be delivered in time. These problems may be attributed to the inadequate
Android SDK for DHIS2, which is not truly an SDK but rather a “template”
application which, like the rest of DHIS2, is open source and can be
developed further as appropriate.
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6.6 Potential Improvements to DHIS2

By using the identified issues as a foundation, I will now suggest some
improvements that can be made to DHIS2 in order to enhance the genera-
tive capacity, and increase the chance of success, when reappropriating the
system to other domains. First, the developer documentation has a lot of
potential for improvement. DHIS2’s move towards the platform architec-
ture is a stategic step as it lets the information system accomodate more
functionality through community efforts. Yet, in order to engage the global
community, there is a need for better documentation on how to create com-
plementary applications.

Second, the Metabase application that lets stakeholders share metadata
configurations is a great step towards establishing standards and sharing
best practices across the community. There is a certain potential in the
ability to share working metadata configurations, especially if these can
prove to the community that DHIS2 is able to perform in more areas than
just the health domain.

6.6.1 Integration Between App Store and Metabase

An interesting, but purely hypothetical idea is to integrate Metabase and
the App Store. If applications in the App Store can refer to a certain metadata
structure (available in Metabase) and list it as a requirement, this may allow
more specific applications to be shared among the community. Currently,
only generic applications are allowed. With such an integration, this
would essentially let an implementer pick a suitable metadata structure
as a starting point, then download apps that are built on this particular
structure.

For instance, the LMIS implementations in Uganda and Zambia
both created a metadata structure modelled around a digitalized stock
inventory control card. One student in the Ugandan project created the
entryAndApproval app that was made to supply a better user experience
when creating and reporting the stock cards. If the metadata structures can
be shared on the Metabase repository, the custom application may also be
shared to the App Store and refer to the structure as a requirement. Other
countries wanting to implement a digitalized stock inventory control card
could use the metadata structure as a starting point, then download the
entryAndApproval app and use it in their own implementation.

This approach of combining specific metadata packages could enable
the implementer to pick and choose suitable, modular packages and
assemble their own, unique DHIS2 instance. With some programming and
customization on top, this would allow the implementer to create a unique,
but potentially powerful information system with little efforts. This is
comparable to what Ciborra (1992) described as bricolage, the strategy
of valuing tinkering and allowing an information system to evolve with
upstream activities. With this integration, DHIS2 would both increase the
transferability of local innovations and the accessibility of designing DHIS2
for other, unanticipated use-cases. Yet, both the App Store and the Metabase
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are relatively new products, and an integration between the two may not
currently be of priority to DHIS2.

6.6.2 Rapid Mobile App Development

As described in section 2.3.4 on page 17, a new Android app is scheduled
for release during the summer of 2018, more specifically in August. With
more sophisticated data synchronization features, the application should
be able to fulfill many of the issues Zambia experienced during trials of
their LMIS implementation. Multi-user functionality, one of the features
requested for the Tracker Capture app, is scheduled for release some time in
2018.

The new SDK should outperform the old Android “template” applica-
tion that has previously been used as an SDK, both in terms of efficiency
and ease of mastery, thus making it easier to develop custom applications
for Android phones. A potential issue with the new SDK is that while
it offers numerous, sophisticated features for data storage and communi-
cation with the core, it still depends on Java technology and is bound to
the Android ecosystem. Most community made, custom applications for
DHIS2 are made for the web, and based on the JavaScript language, frame-
works and libraries. In order to utilize the Android SDK, they need to
learn Java and the Android ecosystem which is quite different both syntax
and semantics. If these developers could build mobile applications with
JavaScript instead, this could increase the accessibility of mobile solutions,
while leveraging the “potential in what is already present in the commu-
nity” (Kossi et al., 2012).

React Native is a framework that has seen an enormous growth
in popularity since released by Facebook in 2015. With React Native,
developers can write mobile applications using JavaScript which is further
compiled to native Android or IOS (iPhone) code by the framework. The
code runs natively on these platforms and results in approximately the
same performance as applications written in the corresponding native
languages for each platform, namely Java and Swift3.

If React Native or a similar framework is made accessible to the HISP
community, this may enable more rapid development of applications, and
build upon the JavaScript knowledge that already exists in multiple sites.
Also, because they compile to IOS as well as Android, the resulting apps
could also be used in the growing, Asian market which usually has a higher
percentage of iPhone smartphones than in Africa. Missing IOS support was
a specific issue brought up at HISP UIO, when the current mobile team
presented the roadmap for the Android-exclusive app and SDK.

Web development on DHIS2 is usually done with the d2 support
library, which is also used by the core development team. In theory, this
same library could be used in React Native or another, JavaScript-based
mobile application framework. Yet, for more sohpisticated features such

3A comparison of memory usage, CPU usage and speed can be found on https://
codeburst.io/react-native-vs-real-native-apps-ad890986f1f
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as offline storage and timely metadata synchronization, this would require
an additional support library besides d2. Another option is to create an
interface to the new Android SDK so that applications made in JavaScript
could also utilize its functionality. This would, however, rule out the IOS
version.

Note that React Native or similar frameworks have not been tested for
use with DHIS2 yet. At this stage, one can only speculate whether it could
work in practice. The idea, however, can potentially leverage the mobile
development community of DHIS2 and should be examined further.

6.7 Future Work

The model of reappropriation was built on the findings of a triple case
study, where an HMIS is used as an LMIS. All three cases are set in
developing countries and involve a great variety of actors, including
NGOs, moderate or expert system developers, national governmental
organizations and external donors. Our findings are probably affected by
these factors in some way or another. Hence, applying the model to other
cases of reappropriation may confirm or invalidate some of the patterns
identified in this thesis.

Also, another domain than that of logistics may carry other assump-
tions that I have not considered, especially since health management and
the logistical part of the supply chain are so intertwined. The ecosystem of
other information systems may also look very unlike DHIS2, which again
can affect the model in suprising ways.

Development of a template app or merely experimenting with app
development for DHIS2, using a JavaScript-based framework such as React
Native, may be a suitable topic for a future HISP master thesis. With
the relatively new, platform-like architecture of DHIS2, development of
custom web applications are becoming increasingly prominent in the HISP
ecosystem. Yet, mobile app development is still lagging behind. Using
the JavaScript knowledge already present in the community may cause
the mobile scene to evolve in a similar fashion. The price of modern
smart phones is ever decreasing, while the wireless mobile communication
infrastructure is quickly expanding in developing countries. Rapid mobile
app development would allow more countries to utilize this technology
successfully, in contrast to the failed attempt in Zambia.
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Chapter 7

Conclusion

This thesis has explored how an information system can be adapted to
meet functional requirements from another domain. Several authors write
about generic information systems and how they are made to accomodate a
collection of requirements from a wide range of organizations and contexts.
As such systems grow, they turn into complex ecosystems with several
levels of flexibility. One might argue that this flexibility makes such
generic information systems adaptable not only to other organizations,
but other domains entirely. Yet, the existing literature on this process of
reappropriation were found rather limited.

By conducting a collective case study on DHIS2, I have examined how
three different implementations of the health management information
system have been adapted to function as an LMIS, managing health
commodities, reducing stockouts and forecasting commodity usage in
the lower levels of the health infrastructure. Evaluating these cases, I
highlighted the socio-technical generativity of DHIS2 and how the process
of reappropriation depends on a multitude of both technical and social
enablers. In the process, I have answered the following research question:

How can an information system be reappropriated for use in other
domains?

The answer is twofold:

• Technical enablers: The reappropriation process requires the infor-
mation system to express a certain generative capacity, including a
configurable core, adapted to the new domain by system experts, so-
phisticated end-user development tools or community endorsement
of best practices; the ability to develop custom applications that com-
municate with the core, supported by extensive documentation; and
the computers, gadgets and infrastructure that support the operation
of said applications.

• Social enablers: Assisting the technical enablers, the process also
requires a diversity of heterogeneous stakeholders that participate
in the process through aligned and mutual directedness, comple-
menting each other’s knowledge, permissions, social standing and
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resources. The information system must “grow” into use by the
processes of cultivation and participatory design, in which the end-
users actively participate in the design process and are appropriately
trained to meet the functional requirements of the new domain.

7.1 Contributions

The main contribution of this thesis is the model of reappropriation, which
illustrates the generative fit that must exist between the social and technical
enablers when adapting an information system to another domain than
that of its origin.

Furthermore, the background chapter and case study are by themselves
a contribution to the HISP community. During the case analysis, I
disassembled the implementations’ many components and compared
how they are used to build an LMIS within DHIS. These “blueprints”
may be used as inspiration for other countries wishing to do a similar
reappropriation. Also, the detailed introduction to the Tracker module as
presented in section 2.3.3 on page 12 offers valuable illustrations and
descriptions that complement the official documentation on DHIS2.

94



Bibliography

Avital, M. & Te’Eni, D. (2009). From generative fit to generative capacity:
exploring an emerging dimension of information systems design and
task performance. Information Systems Journal, 19(4), 345–367.

Baxter, P. & Jack, S. (2008). Qualitative case study methodology: study
design and implementation for novice researchers. The qualitative
report, 13(4), 544–559.

Berg, M. (1997). Rationalizing medical work: decision-support techniques and
medical practices. MIT press.

Bergum, B.-I., Nielsen, P., & Sæbø, J. I. (2017). Patchworks of logistics man-
agement information systems: challenges or solutions for developing
countries? In International conference on social implications of computers
in developing countries (pp. 47–58). Springer.

Braa, J. [Jørn], Hanseth, O., Heywood, A., Mohammed, W., & Shaw,
V. (2007). Developing health information systems in developing
countries: the flexible standards strategy. Mis Quarterly, 381–402.

Braa, J. [Jørn], Monteiro, E., & Sahay, S. (2004). Networks of action:
sustainable health information systems across developing countries.
MIS quarterly, 337–362.

Braa, J. [Jørn] & Sahay, S. (2012). Integrated health information architecture:
power to the users: design, development and use. Matrix Publishers.

Braa, J. [Jørn] & Sahay, S. (2017). The dhis2 open source software platform:
evolution over time and space. Global Health Informatics. Principles
of eHealth and mHealth to Improve Quality of Care. Cambridge, MA:
The MIT Press.

Central Intelligence Agency. (2018a, February 28). Kenya, the world
factbook. Retrieved from https : / / www . cia . gov / library /
publications/the-world-factbook/geos/ke.html

Central Intelligence Agency. (2018b, March 22). Uganda, the world fact-
book. Retrieved from https://www.cia.gov/library/publications/
the-world-factbook/geos/ug.html

Central Intelligence Agency. (2018c, February 22). Zambia, the world
factbook. Retrieved from https : / / www . cia . gov / library /
publications/the-world-factbook/geos/za.html

Ciborra, C. U. (1992). From thinking to tinkering: the grassroots of strategic
information systems. The information society, 8(4), 297–309.

Consortium, BID Zambia. (2015a). Internal document: project plan, phase
1.

95

https://www.cia.gov/library/publications/the-world-factbook/geos/ke.html
https://www.cia.gov/library/publications/the-world-factbook/geos/ke.html
https://www.cia.gov/library/publications/the-world-factbook/geos/ug.html
https://www.cia.gov/library/publications/the-world-factbook/geos/ug.html
https://www.cia.gov/library/publications/the-world-factbook/geos/za.html
https://www.cia.gov/library/publications/the-world-factbook/geos/za.html


Consortium, BID Zambia. (2015b). Overview understanding of immmu-
nization registry requirements, kick-off meeting.

DHIS2. (2018a, March 27). Dhis 2.29 developer guide. Retrieved from https:
//docs .dhis2 .org/2 .29/en/developer/html/dhis2_developer_
manual_full.html#technical_architecture

DHIS2. (2018b, April 24). Dhis2 android roadmap. Retrieved from https :
//www.dhis2.org/roadmap-android

Dittrich, Y. (2014). Software engineering beyond the project–sustaining
software ecosystems. Information and Software Technology, 56(11),
1436–1456.

Ellison, R. J. & Moore, A. P. (2003). Trustworthy refinement through
intrusion-aware design (triad), appendix: glossary.

Evans, E. (2004). Domain-driven design: tackling complexity in the heart of
software. Addison-Wesley Professional.

Fischer, G. (2008). Rethinking software design in participation cultures.
Automated Software Engineering, 15(3-4), 365–377.

Fischer, G., Giaccardi, E., Ye, Y., Sutcliffe, A. G., & Mehandjiev, N. (2004).
Meta-design: a manifesto for end-user development. Communications
of the ACM, 47(9), 33–37.

Gammersvik, Ø. (2015). Balancing institutional needs with generic functionality
in information systems: the biography and evolution of the dhis 2 tracker
following two implementations in palestine.

Github.com. (2018a, March 7). Commits by jim grace on "master"
branch, dhis2-core. Retrieved from https : / / github . com /
dhis2 / dhis2 - core / commits ? author = jimgrace & before =
75d690a2b1ada3ef61ad572943273e967959e314+35

Github.com. (2018b, March 12). Commits on predictors, "master" branch,
dhis2-core. Retrieved from https : / / github . com / dhis2 / dhis2 -
core/commits/a27b8a4b0388ef23a61d9bbcad06ae57bb51e3a8/dhis-
2/dhis-api/src/main/java/org/hisp/dhis/predictor/Predictor.java

Gizaw, A. A., Bygstad, B., & Nielsen, P. (2017). Open generification.
Information Systems Journal, 27(5), 619–642.

Hagen, N. (2017). Health commodity ordering in uganda: exploring dhis2 tracker
as ordering tool in the antiretroviral health programme.

Hanseth, O. & Lyytinen, K. (2010). Design theory for dynamic complexity
in information infrastructures: the case of building internet. Journal of
information technology, 25(1), 1–19.

Heeks, R. (2006). Health information systems: failure, success and improvi-
sation. International journal of medical informatics, 75(2), 125–137.

Henfridsson, O. & Bygstad, B. (2013). The generative mechanisms of digital
infrastructure evolution. MIS quarterly, 37(3), 907–931.

Kossi, E. K., Sæbø, J. I., Braa, J., Jalloh, M. M., & Manya, A. (2012).
Developing decentralised health information systems in developing
countries–cases from sierra leone and kenya. The Journal of Community
Informatics, 9(2).

Lane, D. A. (2011). Complexity and innovation dynamics. Handbook on the
economic complexity of technological change, 63.

96

https://docs.dhis2.org/2.29/en/developer/html/dhis2_developer_manual_full.html#technical_architecture
https://docs.dhis2.org/2.29/en/developer/html/dhis2_developer_manual_full.html#technical_architecture
https://docs.dhis2.org/2.29/en/developer/html/dhis2_developer_manual_full.html#technical_architecture
https://www.dhis2.org/roadmap-android
https://www.dhis2.org/roadmap-android
https://github.com/dhis2/dhis2-core/commits?author=jimgrace&before=75d690a2b1ada3ef61ad572943273e967959e314+35
https://github.com/dhis2/dhis2-core/commits?author=jimgrace&before=75d690a2b1ada3ef61ad572943273e967959e314+35
https://github.com/dhis2/dhis2-core/commits?author=jimgrace&before=75d690a2b1ada3ef61ad572943273e967959e314+35
https://github.com/dhis2/dhis2-core/commits/a27b8a4b0388ef23a61d9bbcad06ae57bb51e3a8/dhis-2/dhis-api/src/main/java/org/hisp/dhis/predictor/Predictor.java
https://github.com/dhis2/dhis2-core/commits/a27b8a4b0388ef23a61d9bbcad06ae57bb51e3a8/dhis-2/dhis-api/src/main/java/org/hisp/dhis/predictor/Predictor.java
https://github.com/dhis2/dhis2-core/commits/a27b8a4b0388ef23a61d9bbcad06ae57bb51e3a8/dhis-2/dhis-api/src/main/java/org/hisp/dhis/predictor/Predictor.java


Microsoft.com. (2018, March 12). Three-tier application model. Retrieved
from https://msdn.microsoft.com/en-us/library/aa480455.aspx

Ministry of Health, Kenya. (2014). Kenya health policy 2014–2030. Ministry
of Health, Kenya.

Monteiro, E., Pollock, N., Hanseth, O., & Williams, R. (2013). From artefacts
to infrastructures. Computer supported cooperative work (CSCW), 22(4-
6), 575–607.

Msiska, B. & Nielsen, P. (2017). Innovation in the fringes of software ecosys-
tems: the role of socio-technical generativity. Information Technology for
Development, 1–24.

Mumford, E. (2006). The story of socio-technical design: reflections on its
successes, failures and potential. Information systems journal, 16(4),
317–342.

Myers, M. D. et al. (1997). Qualitative research in information systems.
Management Information Systems Quarterly, 21(2), 241–242.

Nielsen, P. (2016). Generification as ecology. Working Paper 1/2016. Retrieved
from University of Oslo, Information Systems Working Papers web-
site: http ://www.mn.uio .no/ifi/english/research/groups/is/
publications/working-papers-in-information-systems.

Nielsen, P. (2018). Research commentary: digital innovation in developing
countries.

Nielsen, P. & Sæbø, J. I. (2016). Three strategies for functional architecting:
cases from the health systems of developing countries. Information
Technology for Development, 22(1), 134–151.

Obendorf, H., Janneck, M., & Finck, M. (2009). Inter-contextual distributed
participatory design. Scandinavian Journal of Information Systems, 21(1),
2.

PATH. (2015). Request for proposal, better immunization data (bid) initiative,
zambia immunization registry (Request for proposal No. 048).

PATH. (2018, February 22). About path. Retrieved from https://www.path.
org/about/index.php

Polak, M. (2015). Platformisation of an open source software product.
Pollock, N., Williams, R., & D’Adderio, L. (2007). Global software and its

provenance: generification work in the production of organizational
software packages. Social Studies of Science, 37(2), 254–280.

Roland, L. K., Sanner, T. A., Sæbø, J. I., & Monteiro, E. (2017). P for platform.
architectures of large-scale participatory design. Scandinavian Journal
of Information Systems, 29(1).

SC4CCM. (2018a, March 9). Mhealth in malawi. Retrieved from http : / /
sc4ccm.jsi.com/emerging-lessons/cstock/

SC4CCM. (2018b, March 9). The cstock journey. Retrieved from http : / /
sc4ccm.jsi.com/the-cstock-journey/

Sommerville, I., Cliff, D., Calinescu, R., Keen, J., Kelly, T., Kwiatkowska, M.,
. . . Paige, R. (2012). Large-scale complex it systems. Communications of
the ACM, 55(7), 71–77.

Stake, R. E. (1995). The art of case study research. Sage.

97

https://msdn.microsoft.com/en-us/library/aa480455.aspx
http://www.mn.uio.no/ifi/english/research/groups/is/publications/working-papers-in-information-systems
http://www.mn.uio.no/ifi/english/research/groups/is/publications/working-papers-in-information-systems
https://www.path.org/about/index.php
https://www.path.org/about/index.php
http://sc4ccm.jsi.com/emerging-lessons/cstock/
http://sc4ccm.jsi.com/emerging-lessons/cstock/
http://sc4ccm.jsi.com/the-cstock-journey/
http://sc4ccm.jsi.com/the-cstock-journey/


The USAID | DELIVER PROJECT. (2011). The logistics handbook: a prac-
tical guide for the supply chain management of health commodities.
Arlington, Va.: USAID | DELIVER PROJECT, Task Order 1.

Titlestad, O. H., Staring, K., & Braa, J. (2009). Distributed development
to enable user participation: multilevel design in the hisp network.
Scandinavian Journal of Information Systems, 21(3).

Tiwana, A. (2013). Platform ecosystems: aligning architecture, governance, and
strategy. Newnes.

UNCoLSC: UN Commision on Life-saving Commodities for Women and
Children. (2012). Commisioners’ report september 2012. UNCoLSC:
UN Commision on Life-saving Commodities for Women and Chil-
dren.

United Nations. (2015). The millennium development goals report.
United Nations. (2018, April 18). Sustainable development goal 3. Re-

trieved from https://sustainabledevelopment.un.org/sdg3
University of Oslo. (2015). Proposal for design and development of national

immunization registry: ministry of community development, mother and
child health, zambia (Request for proposal No. 048).

USAID, DELIVER project. (2006). Guidelines for implementing computer-
ized logistics management information systems (lmis), second edi-
tion. DELIVER, for the U.S. Agency for International Development,
Arlington, VA (2006).

Walsham, G. (2006). Doing interpretive research. European journal of
information systems, 15(3), 320–330.

WHO. (2018a, March 19). Improving health outcomes in zambia. elmis: au-
tomated data for integrated health logistics management. Retrieved
from http : / / apps . who . int / medicinedocs / en / m / abstract /
Js21373en/

WHO. (2018b, March 22). Uganda: who statistical profile. Retrieved from
http://www.who.int/gho/countries/uga.pdf?ua=1

World Bank. (2004). A handbook on supply chain management for hiv/aids
medical commodities. The World Bank, Washington DC.

World Health Organization. (2018, March 6). Overview of malaria treat-
ment. Retrieved from http : / / www . who . int / malaria / areas /
treatment/overview/en/

World Health Organization and others. (2008). Framework and standards
for country health information systems.

Yadav, P. (2015). Health product supply chains in developing countries:
diagnosis of the root causes of underperformance and an agenda for
reform. Health Systems & Reform, 1(2), 142–154.

Yeow, A. & Sia, S. K. (2008). Negotiating “best practices” in package
software implementation. Information and Organization, 18(1), 1–28.

Yin, R. K. (2003). Case study research: design and methods. SAGE,
2003(181), 15.

Zittrain, J. L. (2006). The generative internet. Harvard Law Review, 1974–
2040.

98

https://sustainabledevelopment.un.org/sdg3
http://apps.who.int/medicinedocs/en/m/abstract/Js21373en/
http://apps.who.int/medicinedocs/en/m/abstract/Js21373en/
http://www.who.int/gho/countries/uga.pdf?ua=1
http://www.who.int/malaria/areas/treatment/overview/en/
http://www.who.int/malaria/areas/treatment/overview/en/

	Introduction
	Motivation
	Research Question
	Chapter Overview

	Background
	Health Management Information Systems
	Challenges with HMIS

	Logistics Management Information Systems
	Medical Supply Chain
	A Patchwork of Information Systems
	The Role of Mobile Solutions
	Commodity Forecasting

	District Health Information System
	About DHIS
	Platformization
	Design and Architecture
	Mobile Applications
	Flexibility

	Using DHIS2 as an LMIS
	Summary of Background

	Research Approach
	Research Context
	Methodology
	Collective Case Study
	Empirical Basis
	Limitations of Methodology

	Data Collection
	Zambia
	Kenya
	Uganda
	Other Sources

	Data Analysis
	Reflections
	Selecting a Topic
	Potential Bias


	Literature Review
	Generic Information Systems
	Generality and Specificity
	Beyond Organizational Diversity
	Complexity in Software Ecosystems
	Recap

	Socio-technical Design
	Platform Ecosystems
	Information Infrastructures
	Participatory Design
	Digital Innovation
	Generativity
	Generative Design

	End-user Development
	Bricolage

	Summary of Literature

	Case Study
	Zambia
	Introduction
	Context
	Requirements
	Implementation
	Technical Discussion
	Reappropriation Process
	Current Status

	Kenya
	Introduction
	Context
	Requirements
	Implementation
	Technical Discussion
	Reappropriation Process
	Current Status

	Uganda
	Introduction
	Context
	Requirements
	Implementation
	Technical Discussion
	Reappropriation Process
	Current Status

	Case Comparison
	Scope of Implementation
	Usage of DHIS2
	Usage of Tracker
	Reappropriation Processes


	Discussion
	Perspectives on DHIS2
	DHIS2 as an Information Infrastructure
	DHIS2 as a Platform

	Technical Enablers of Reappropriation
	Configuration of the Core
	Custom Applications
	Generative capacity

	Social Enablers of Reappropriation
	Generative Relationships
	Cultivation and Participatory Design

	A Model for Reappropriation
	Applying the Model to DHIS2
	Identified Issues

	Potential Improvements to DHIS2
	Integration Between App Store and Metabase
	Rapid Mobile App Development

	Future Work

	Conclusion
	Contributions


