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Abstract

Integration of health information systems (HIS) in developing countries has received a great deal
of attention over the last ten years. Most academic writing on this subject has been concerned
with the integration of health data between different health programs. There has been little aca-
demic writing on the subject of medical commodity supply chains and logistics management
information systems (LMIS) using an information systems perspective, although supply chain
and logistics data are part of the HIS. Most writing on commodity supply chains and LMIS in
developing countries has been done by international organisations. The plethora of information
systems used in the medical commodity supply chain and the diffuse boundaries of the supply
chain results in these organisations having slightly differing perspectives of what an LMIS is.
Furthermore, as there are similar issues in the medical commodity supply chains of develop-
ing countries this thesis tries to answer the research question of, which architectural patterns
emerge in the medical commodity supply chains in Tanzania and Uganda? Through a collective
case study of these two countries, categorising the technology and software identified in the
supply chain, and applying theory on evolving Information Infrastructures (II) to the LMIS’s
five architectural patterns were identified.
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Chapter 1

Introduction

This section gives background to the context this thesis has been written in, while also providing
the motivation for why this thesis was written. Thereafter the research question of this thesis is
presented before an overview of the entire thesis is presented.

1.1 Background

This thesis concerns the architectural patterns of the medical commodity supply chains in
Uganda and Tanzania and has taken place within the activities of the Health Information Sys-
tems Programme (HISP). HISP is a global research network working towards strengthening
Health Information Systems (HIS) in developing countries. This work is done through re-
search, implementation activities, and the development and continued support of the District
Health Information System 2 (DHIS2) (HISP, 2017).

DHIS2 is an open-source Health Management Information System (HMIS) which is used
for collecting, analysing and presenting aggregated health data. DHIS2’s roots can be traced
back to 1995 when the first version of DHIS was deployed in South Africa to unify the health
system after apartheid was banned in 1994 (Braa and Sahay, 2012). Today HISP has a global
presence and DHIS2 is used in 47 countries (HISP, NDa). As more countries started using
DHIS, demand grew for it to be moved from a platform based on MS Office to a web-based
platform. This led to the development of DHIS2 in 2005. A year later the first instance of
DHIS2 was deployed in India (Braa and Sahay, 2012). DHIS2 is designed as "a generic tool
rather than a pre-configured database application, with an open meta-data model and a flexible
user interface that allows the user to design the contents of a specific information system without
the need for programming." (DHIS2 Documentation Team, 2016, p. 1). In other words, DHIS2
is not limited to be used for health-related data. For example, in Zambia DHIS2 is used for
HMIS purposes as well as for reporting data on water, sanitation, hygiene, and education (HISP,
NDc,N). However, there has also been a creep of scope for DHIS2 in regards to non-aggregated
health data, as well data indirectly related to health, such as logistics management data (Nielsen
and Sæbø, 2016).

It is within this context of DHIS2’ move into logistics that this thesis has been written.

1



2 CHAPTER 1. INTRODUCTION

1.2 Motivation

On the surface, health management and logistics management data is quite different to each
other (ibid.). Health management data is used for monitoring and making informed decisions
regarding health resources, while logistics management data is used to oversee the management
of goods from procurement to consumption point. There is also some overlap as HMIS collects
data on stock-outs and vaccine distribution. The data typically recorded is; how much was
received, how much was dispensed, how much was discarded, and the end balance at the end of
a month. This can be seen as a lightweight inventory system and be used for simple forecasting.

A logistics system offers a lot more functionality than just what was mentioned above. It
should also facilitate functionality such as "procurement, calculate re-distribution, produce pick
lists for medicals stores, plan distribution routes (including the necessary resources needed,
such as trucks and drivers and fuel, support tracking of batches and parcels and their eventual
division into smaller batches and parcels, keep track of expiry dates and the like." (ibid, p.11).
All these different functionalities can be covered by more than one system. For example, a
Logistics Management Information System (LMIS) might capture data related to, stock status,
consumption, re-distribution, and forecasting. While a Warehouse Management System (WMS)
captures data related to receiving commodities and storing commodities, picking, packing and
shipping. Further, there might be a fleet management software used to capture more accurate
data regarding shipping, such as truck status, fuel and drivers.

Most of the upper levels of the supply chain are using electronic systems to capture data,
while the lower levels are using paper-based systems. This leads to a heavier burden on health
workers to calculate their needs for the coming reporting period (Stansfield et al., 2008). Errors
in calculations, reporting, and access to commodities can lead to stock-outs. A report by the UN
Commission on Life-Saving Commodities (2016) showed an average of 40% of health facilities
in 12 countries in Africa experiencing stock-outs of reproductive, maternal, newborn, and child
commodities at the time of the assessment. Further a survey from 2013 showed that 41% of
patients in Tanzania did not get the medicines they needed from public health facilities (Wales
et al., 2014).

There are several international organisations working towards strengthening the medical
commodity supply chain in developing countries. This is done through projects, implementa-
tion activities and the development of software. Some of these organisation focuses their efforts
on the LMIS and provide their own definitions of LMIS. One such organisation is PATH which
identified LMIS as a narrow field that may be covered by different systems (PATH, 2010). They
recognised that the term LMIS is being used loosely to cover a variety of different types of soft-
ware, which may contain elements of an LMIS, but is more focused on different functionality
in the supply chain. Further, they suggested doing a landscape analysis of the current LMIS
available in developing countries.

Most academic writing on the subject of is mostly concerned with assessing the entire med-
ical commodity supply chain and addressing the challenges of supply chains in developing
countries (Bossert et al., 2007; Jahre et al., 2012; Sohrapour et al., 2012). Little of this research
has been done from and information systems point of view.

This serves as the motivation for this thesis. An IS perspective will be used to analyse
the landscape of software and systems in the supply chain of two African countries, Uganda
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and Tanzania. The analysis will focus on the LMIS and its different subsystems, the systems
surrounding the LMIS, and the architectural patterns that emerge from comparing the two coun-
tries. This is not just needed to understand the different functionalities of each system, but also
to discover if there are any practices that are better than others in regards to LMIS.

1.3 Research question
The purpose of this thesis is to investigate what technologies and systems exist in the medical
commodity supply chain in Uganda and Tanzania, and to gain a deeper understanding of how
the architecture of the supply chains in these countries have come to exist as they are today. The
research question of this thesis is as follows:

Which architectural patterns emerge from examining the medical commodity supply chains
in Tanzania and Uganda?

The process of answering the research question is to first look at what technologies and sys-
tems exist in the supply chains as they are today and how they came to be. Then categorise said
technologies and systems, before comparing the two countries together to see if any patterns
emerge between them.

1.4 Overview
Chapter 2 - Research context provides general information about Uganda and Tanzania, while
also presenting information on the status of health and infrastructure. A succinct summary
of how the supply chains in each country work are given before a brief comparison between
Uganda, Tanzania and Norway is given on a few data points.

Chapter 3 - Methodology presents the philosophical understanding of which this research
has taken place, before presenting the methodology and methods used to conduct this research
and analyse the results. This chapter also includes reflections on the methods used in this
research.

Chapter 4 - Relevant literature presents the relevant literature used in this research. This
section is divided into five parts; Information Infrastructures (II), architecture and information
systems, Logistics Management Information Systems (LMIS), and Health Information Systems
(HIS).

Chapter 5 - Empirical findings presents the findings of the field trip and additional findings
from further research.

Chapter 6 - Discussion applies the literature presented in Chapter 4 to the findings of Chap-
ter 5 and discusses this in relation to the research question of this thesis.

Chapter 7 - Conclusion summarises the answer to the research question and also points to
possible future work.



4 CHAPTER 1. INTRODUCTION



Chapter 2

Research context

This chapter presents general information about Uganda and Tanzania while also providing
information to detail the status of health and infrastructure in these countries. The chapter also
provides a table comparing Uganda, Tanzania, and Norway to give the information context.

2.1 Uganda

2.1.1 General information
Uganda is a landlocked country in east Africa that borders to Kenya in the east, South Sudan
in the north, the Democratic Republic of Congo in the west, Rwanda in the south-west and by
Tanzania in the south. It has a total land area of 241 038 km2 and two official languages English
and Swahili.

Figure 2.1: Map of Uganda. Bor-
rowed from (Central Intelligence
Agency, 2017a)

There has been a steady rise in population since 1960.
In 2015 the total population was at 39 032 383 (The World
Bank, 2015b), with a population density of 157.1 per km2

(Uganda Bureau of Statistics, 2011). As of 2011 52% of
Uganda’s population is less than 15 years old (ibid.).

Uganda’s GDP per capita has been on a steady rise
since the early 2000’s. In 2015 it was $705 (The World
Bank, 2015b). Comparing this to it’s neighbouring coun-
tries Uganda ranks somewhere in the middle. Despite the
increase in GDP per capita over the last few years, Uganda
is one of the poorest countries in the world where in 2012
34.6% lived on less than $1.90 a day (ibid.).

Uganda is divided into four regions, Northern, Western,
Eastern and Central, which again are divided into 111 dis-
tricts in addition to one city, Kampala.

2.1.2 Infrastructure in Uganda
A report by the African Development Bank (2011), which
takes into account transport, electricity, ICT composite, and

5
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water and sanitation shows Uganda ranking at number 25 of 54, they have retained this ranking
in the last three years despite slight changes in their score. Compared to it’s neighbouring coun-
tries Uganda lags behind in their energy, road and telecommunication infrastructure (African
Development Bank, 2010).

A total of 15% of household have access to electricity. There is a massive difference in
where this electricity is available as only 5% of households in rural areas have access to electric-
ity, compared to 55% in urban areas (Uganda Bureau of Statistics, 2011). There are estimated to
be 19.2 internet user per 100 people in Uganda (The World Bank, 2015b) and a total of 59.4%
of the population owns a mobile phone (Uganda Bureau of Statistics, 2011). During the stay in
Uganda a major electricity-outage was experienced that lasted for almost an entire day.

2.1.3 Health in Uganda
The health system in Uganda is divided into the public and private sector. In the public sector
the main governing body is the Ministry of Health (MoH), however there are many different
actors, both governmental and non-governmental, who are working closely together with the
MoH. The health service delivery structure is based on referrals. This means that if a patient
goes to a level 1 facility, and that facility cannot handle the patient, that patient is referred to the
next level (level 2), etc.

The vision for Uganda’s eHealth policy is the "Effective use of information and commu-
nication technology for better health outcomes of the Ugandan population" (Uganda Ministry
of Health, 2013, p. 17). It further details Uganda’s plan for the increased usage of information
systems in their health system. It talks about governance of, investments in, and the effective
use of eHealth solutions in the entire health sector. Further, an implementation plan with three
phases is detailed where the first phase is to connect the different service providers with each
other and allow them to share information. The second phase is to encourage collaboration
between different sectors, and to establish laws and standards to guide these efforts. The third
phase is to sustain and enhance the eHealth solutions in the health sector. The policy gives
no detail as to specific types of information systems that are to be implemented, but gives ex-
amples of possible use cases within mobile health applications (mHealth), electronic patient
journals, electronic human resource management, and information systems to support logistics
and supply chain management.

To address the high disease burden and ensure cost-effective service delivery Uganda has
developed the Uganda National Minimum Health Care Package (Uganda Ministry of Health,
2012b). This package is designed for all levels and sectors of the health system (Uganda Min-
istry of Health, 2010). For the purpose of this thesis, the different health centre levels will not
be discussed in detail when presenting the findings of this research. The three levels which are
of interest are national, district and facility.

A report by the United Nations Development Programme (2015) describes Uganda’s Millen-
nium Development Goals (MDG) results as impressive, although not uniform across all goals.
There are a total of eight MDG’s, where three of these are health related. Each goal has between
one and six targets, which contain indicators of what should be measured. Of the six health re-
lated targets Uganda has achieved two, narrowly missed one, failed to achieve two and did not
have a target for the last.

Uganda’s fertility rate has decreased over the last few decades, from a recorded high point of
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7.1 in 1969 to to 5.7 in 2014 (The World Bank, 2015b). At the same time knowledge of family
planning methods have increased, as there is universal knowledge among men and women of
at least one method of contraception. There is also a greater number of modern contraceptive
methods known than traditional and modern contraceptive methods are used by a majority of
married and unmarried women (Uganda Bureau of Statistics, 2011). The institutional maternal
mortality ratio is at 146 per 100 000 live births, while the overall maternal mortality ratio is at
438 per 100 000 live births. This is due to the fact that a lot of births take place outside health
facilities (United Nations Development Programme, 2015). Further the infant mortality rate is
at 54 per 1000 live births (ibid.). At birth the life expectancy in Uganda is 58 years old (The
World Bank, 2015b).

Although HIV/AIDS has been one of the leading cause of deaths in Uganda in previous
years, Uganda has been a success story in battling HIV/AIDS (WHO, 2015). In the 1990’s
Uganda had a HIV prevalence of 30%, which was reduced to an all time low in 2005 where
it was only 6.5% (Uganda Ministry of Health, 2015). In 2013 there was an estimated HIV
prevalence of 7.5% (ibid.). In 2015 approximately 1 500 000 people were living with HIV and
28 000 deaths occurred from AIDS (UNAIDS, 2015b). Malaria causes around 10 500 deaths
annually in Uganda, this ranks Uganda as sixth among African countries by number of annual
deaths from Malaria (Uganda Ministry of Health, 2014).

In an assessment by the UN Commission on Life Saving Commodities (2016) there was
reported an average of 57% of all facilities having stock-outs across the 13 life saving com-
modities (Pronyk et al., 2016).

2.1.4 Medical commodity supply chain in Uganda
The health commodity supply chain in Uganda is partly computerised from facility level to
the national level. Most reporting and ordering is done via paper forms that are sent from the
facilities to the warehouses. Some facilities also send these forms as email attachments. The
supply chain for HIV/AIDS commodities orders electronically through DHIS2. The facilities
with the appropriate infrastructure input their orders into DHIS2 themselves, while those who
lack this infrastructure send paper based order forms to the district office where the order is
transferred to DHIS2. The orders are entered manually both from DHIS2 and the paper forms
into MACS Warehouse Management System (WMS) in the public sector, and into the Industrial
Financial System (IFS) in the private sector at the warehouses. Before an order is shipped the
facility is contacted to confirm their order. A more detailed overview of the supply chain in
Uganda and it’s information systems is presented Chapter 5.

2.2 Tanzania

2.2.1 General information
Tanzania is a country in east Africa that borders to the Indian Ocean in the east, Kenya and
Uganda in the north, Rwanda, Burundi and the Democratic Republic of Congo in the west and
to Zambia, Malawi and Mozambique in the south. Tanzania consists of the Tanzania mainland
and Zanzibar, which consists of two islands called Unguja and Pemba, Zanzibar is a semi-
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autonomous part of Tanzania. In total it has a land area of 947 303 km2 and has two official
languages, Swahili and English.

Figure 2.2: Map of Tanzania.
Borrowed from (Central Intelli-
gence Agency, 2017b)

Tanzania’s population has been on the rise since the
1960’s and in 2015 the population was 53 470 420 (The
World Bank, 2015a). Tanzania has a population density of
60.3 (ibid.). As of 2015 46% of the country’s population is
under the age of 15 (Tanzania National Bureau of Statistics,
2016).

The GDP per capita has been on the rise since the early
1990’s where in 2015 it was $878 (ibid.). This is slightly
lower than their GDP per capita in 2014. Comparing Tanza-
nia to it’s neighbouring countries it is second only to Kenya
in GDP per capita. Despite Tanzania’s relatively high GDP
around 68% of Tanzanians live on less than $1.25 a day
(Heifer International, 2014).

Tanzania is divided into 31 regions, which are divided
into 169 districts.

2.2.2 Infrastructure in Tanzania
The report by the ADB places Tanzania at rank 43 of 54,
this is the same ranking as in 2015, but a better ranking than
2014 and 2013 (African Development Bank, 2011). Compared to it’s neighbouring countries
Tanzania only beats Mozambique and the Democratic Republic of Congo.

About 25% of household have access to electricity (Tanzania National Bureau of Statistics,
2016). There has been a drastic increase in internet users since the early 2000’s. In 2000
only 0.22 per 100 people used the internet, in 2015 this number was 5.3 per 100 people (The
World Bank, 2015a). During the stay in Tanzania frequent power-, and internet-outages were
experienced.

2.2.3 Health Tanzania
The health system in Tanzania is divided into the public and private sector. The governing
body of the health sector is the Ministry of Health, Community Development, Gender, Elderly
and Children (MoHCDGEC), which recently changed name from the Ministry of Health and
Social Welfare. The different levels below the MoHCDGEC is zone, region, district and facility.
As mentioned previously this thesis will focus on national, district and facility levels. The
logistics management unit is the part of the MoHCDGEC responsible for overseeing the medical
commodity supply chain and identify problems within it.

The vision for Tanzania’s eHealth policy is that "By 2018, eHealth will enable a safe, high-
quality, equitable, efficient, and sustainable health system for all citizens by using ICT to en-
hance planning, managing, and delivering health services" (Tanzania Ministry of Health and
Social Welfare, 2013, p. 3). The collection and use of data is heavily emphasised as impor-
tant factors to achieve this vision, which will be enabled by the Tanzania Health Enterprise
Architecture (THEA). THEA is a framework and it’s purpose is to guide the development of
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Tanzania’s integrated health information system. The technical details of this framework is
not detailed in the strategy document, but it is to be implemented through four phases. Phase
zero is about establishing the foundation for the eHealth solutions to be feasible. Phase one
is about implementing information systems to support effective use and management of health
resource data. This phase specifically mentions the electronic Logistics Management Informa-
tion System (eLMIS) as one of the information systems. Phase two and three is about further
implementing the THEA with other health services and using other eHealth solutions.

In 2014 the Tanzania mainland had reached one of the three health related MDG’s, while
Zanzibar had reached two (Tanzania Ministry of Finance, 2015). Due to different health situa-
tions the Tanzania mainland and Zanzibar have focused on different indicators.

The fertility rate has been on a steady decline the last few decades, from a recorded high
point of 6.8 in 1960 it has decreased to 5.1 in 2015 (The World Bank, 2015a). Today about 38%
of married women, age 15-49, use some sort of method of family planning, 32% use modern
methods, while the remaining 6% use traditional methods. Among unmarried women the use
of family planning methods is higher ,at 54%, where 46% of these use modern methods. The
use of modern family planning methods also increases with economic status (Tanzania National
Bureau of Statistics, 2016). The overall maternal mortality ratio in Tanzania is approximately
556 per 100 000 live births, while the overall infant mortality ratio is 43 per 100 000 live births
(ibid.). The life expectancy at birth in Tanzania is 64 years old (The World Bank, 2015a).

Overall Tanzania’s HIV prevalence have been lower than other African countries, in 2012
the HIV prevalence was 5.1% (Tanzania National Bureau of Statistics, 2012). In 2015 approxi-
mately 1 400 000 people are living with AIDS in HIV in Tanzania. The same year AIDS caused
the deaths of around 36 000 people (UNAIDS, 2015a). In 2009 malaria caused 21 deaths per
100 000 population, which was a drastic decrease from the year 2000 when malaria was re-
ported to cause 379 deaths per 100 000 (WHO, 2010).

In an assessment by the UN Commission on Life Saving Commodities (2016) there was
reported an average of 26% of all facilities having stock-outs across the 13 life saving com-
modities (Pronyk et al., 2016).

2.2.4 Medical commodity supply chain in Tanzania

The health commodity supply chain in Tanzania is computerised from the district level to the
national level, while the facility level is fully paper based. However, there are mobile applica-
tions such as ILS Gateway that exist on the facility level, but these are not used for ordering
commodities. The facilities sends paper forms to the district levels that enter their orders into
eLMIS where the order is sent to the warehouses. The district office adjusts the orders in accor-
dance with the facilities budget and can call the facilities in case of errors. At the warehouses
the orders are entered manually from eLMIS into an Enterprise Resource Planner (ERP) called
Epicor 9. A more detailed overview of the supply chain in Tanzania and it’s information systems
is presented in the Chapter 5.
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2.3 Comparison of Uganda, Tanzania and Norway
To provide perspective to the health situation in Uganda and Tanzania a comparison between
the two countries and Norway is provided below. Table 2.1 compares general data and a few
key health related data between the three countries.

Statistic Uganda Tanzania Norway
Population 39 032 383 53 470 420 5 195 921
Size 241 038 km2 947 303 km2 385 178 km2

Population density 157.1 60.3 14.2
Percentage of population under 15 years old 51 46 17
GDP per capita $705 $878 $74 400
Life expectancy 58 64 81
Fertility rate 5.7 5.1 1.7
HIV prevalence 6.5 5.1 0.2
Yearly deaths caused by AIDS 28 000 36 000 <100
Maternal mortality ratio 438 556 5

Table 2.1: Comparison of Uganda, Tanzania and Norway



Chapter 3

Methodology

The purpose of this chapter is to introduce the methodology and methods used in this research.
To position the research a presentation of the philosophical understanding of the researcher is
presented first before a detailed explanation of the research approach is provided. The chapter
also details how the data has been analysed.

3.1 Philosophical understanding
This research has been conducted with the underlying philosophical understanding that lies
within the interpretive paradigm, that "access to reality (given or socially constructed) is only
through social constructions such as language, consciousness and shared meanings" (Myers,
1997). This has been reflected in the choice of both methodology and methods used in this
research.

Gaining an understanding of the infrastructure in Uganda and Tanzania, as well as the health
system and it’s structure, will help in identifying the different stakeholders and their interests.
These factors need to be taken into account when looking into an information system or a
phenomenon. It will also be important to gain an insight into what the users of these information
systems think and feel. It is through their subjective answers, an understanding of how the actual
work is being done in their daily lives will emerge.

3.2 Case study
The methodological framework used in this research is that of a case study. A case study is
a detailed inquiry for learning, taking place within a specific situation or setting (Flyvbjerg,
2006). A case is usually unique, specific and bound to said specific situation or setting (Stake,
2005). Case studies are good for studying complex phenomena within their own context (Bax-
ter and Jack, 2008). In other words, case studies lends itself to study something that requires a
strict focus, as well as studying it in its real life context. The main point of criticism towards
case studies is that they are not generalisable. One might argue that formal generalisation is
overvalued in the scientific community as a whole (Flyvbjerg, 2006). More importantly, even
though there are similarities between the scientific process in natural sciences as well as social
sciences, the social structures in social sciences and their generative mechanisms do not exist

11
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independently of the people and actions being studied. They are a product of the time in which
they were studied, and can, therefore, change over time. These generative mechanisms should,
therefore, be seen as tendencies, rather than predictions of future situations. When generalising
interpretive research, one can identify four different types of generalisations (Walsham, 1995).
This study will use two of these, the contribution of rich insight and drawing of specific im-
plications. The contribution of rich insight is done by studying several topics, which leads to
a better understanding of a case. Drawing from specific implications means to describe causal
relationships as tendencies rather than predictions.

This particular research is conducted as a collective case study (Stake, 2005), also called
multiple-case study (Baxter and Jack, 2008). To minimise confusion, from here on it will be
referred to as a collective case study. The two cases in this collective case study are the medical
commodity supply chains in Uganda and Tanzania. It is important to note that a collective case
study is an extension of an instrumental case study. This means that the cases used in the study
is chosen by the researcher, as opposed to intrinsic case studies where the cases are given to
the researcher. It also means that one examines the cases together to investigate a phenomenon,
provide insight into an issue or redraw a generalisation (Stake, 2005). In this research the
cases were presented as opportunities to the researcher, rather than explicitly chosen. The two
countries presented in this research has ties to HISP and the information systems group at the
University of Oslo. In addition, other researchers also working with LMIS as a research area
were travelling to these countries. These countries were, therefore, obvious choices to conduct
this research in.

This case study consisted of a field trip to Uganda and Tanzania. In Uganda, the researchers
worked together with HISP Uganda, a Non-governmental Organisation (NGO) partner of the
University of Oslo while in Tanzania they worked together with the University of Dar es Salaam,
who are responsible for the support of DHIS2 in Tanzania. When the field trip took place there
had not yet been established a proper research question. It had only been decided to compare
the supply chains in both countries. This was done to gain insight into the supply chain as a
whole and gather as much as data as possible, while maintaining a wide scope. When the field
trip was over the research question was quickly established, to make the analysis of the data a
more focused effort.

3.3 Data collection

Preliminary work started before the field trip, while the primary data collection took place in
January 2016 through a joint visit to Uganda and Tanzania, where a group of researchers trav-
elled together. Prior to the field trip approval of the research was applied for to the Norwegian
Centre for Research Data. The approval can be found in Appendix A. In total the trip lasted
for four weeks, where five days were spent in Uganda and a little over three weeks in Tanza-
nia. Secondary data collection was based on discussions with researchers of a larger logistics
project at the University of Oslo. Some of these researchers had spent four weeks in Uganda,
and others had taken a second field trip to Tanzania.

The first goal of this data collection was to gain an understanding of the flow of information
and commodities in the medical commodity supply chain. The second goal was to identify the
information systems used in this process and understand how they worked and were used. To
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achieve these goals a number of different data collection methods were used.

3.3.1 Interviews
When doing an interpretive case study interviews can be seen as the primary source for data
(Walsham, 1995). Interviewing is a powerful method to gather the context and content of
people’s everyday social, cultural, economic, and political lives (Crang and Cook, 2007). In-
terviews can be divided into three different categories, unstructured, structured, and semi-
structured. These categories refer to the degree of control the interviewer has over the con-
versation and the questions that are asked (Rogers and Preece, 2011).

A number of interviews were conducted before the field trip, as part of preliminary work
where the research group working with logistics interviewed five subjects who had previously
or were currently working with logistics in developing countries. These interviews were semi-
structured, as well as audio recorded and transcribed. The topics of these interviews ranged
from how to do research in developing countries, to more detailed descriptions of how the
medical commodity supply chain worked in countries like Uganda, Tanzania and Ghana. These
interviews were shared among the researchers in the logistics groups, discussed and served as
background knowledge for the field trip.

The health commodity supply chain stretches across all levels of the health system. To
gain an understanding of what systems are used at each level and what kind of information is
available and used at each level, participants from within the different levels of the supply chain
were included in this research. Since there are many different roles within each level of the
health sector they will only be referred to by the sector in general when discussing the findings,
instead of referring to each unique role within that sector.

The planning of destinations for the field visits was mostly out of the researcher’s hands.
See Table 3.1 for a list of facilities visited. The researchers expressed wishes to visit different
types of facilities within the entire health sector and gather as much info as possibly about the
supply chain. The actual choice of destinations was based on practical concerns such as time,
money, and transport. Most of the facilities visited were geographically close to the researcher’s
place of stay, which in both countries were urban areas. At each facility there had been made
arrangements to talk to one or two specific people. Often times these people would also give a
tour of the facility and this led to meeting new people along the way and including them in the
research as well.

Both unstructured and semi-structured interviews took place. The unstructured interviews
were used during the first three visits, this was a result of the researchers having little to no
experience of doing interviews in a field setting. For the rest of the field visits a list of questions
were prepared before each visit to get more data out of each visit. This was done jointly by
the researchers by researching what type of facility that was to be visited, taking into account
previous visits, and information previously gained. Informed consent forms were not used
during this research due to it being carried out in collaboration with implementing partners of
DHIS2 in these countries and the clear connection to HISP and the University of Oslo.
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Country Facility name Facility type Interview subjects
Uganda Butabika National Refer-

ral Mental Hospital
Hospital Head of pharmacy, two pharmacy

clerks
Tanzania Ilala Municipal Facility

Office
District office District pharmacist, two HMIS

workers
Tanzania Mnazi Mmoja Hospital Hospital Hospital manager, CTC pharmacist,

two hospital pharmacy staff and
district pharmacist

Tanzania Bagamoyo district office District office District medical officer, district
pharmacist, HMIS worker

Tanzania Kiromo dispensary Dispensary Clinical officer
Tanzania JSI NGO office Pharmacist, management informa-

tion manager, two eLMIS workers
Tanzania Immunisation Programme National ware-

house
Three pharmacists

Tanzania
(Zanz-
ibar)

CMS National ware-
house

CMS staff

Tanzania MSD National ware-
house

Manager for data center develop-
ment, developer

Table 3.1: Facilities visited and interviews conducted during field trip

Since semi-structured interviews combine features of both structured and unstructured in-
terviews, it allowed the researchers to have a set of prepared topics to be covered, as well as let
the participants steer the conversations in their desired direction. This also gave the opportunity
to ask follow-up questions if so desired (Rogers and Preece, 2011). Each interview had at least
three researchers attending. Without planning ahead it often defaulted to one of the researchers
asking the questions that had been prepared, while the others took notes and chimed in with
follow-up questions. Audio was not recorded during any of the interviews, the researchers,
therefore relied heavily on extensive note taking during the interviews, which was followed by
a more extensive write-up after the interviews were over (Walsham, 1995).

Some examples of questions asked during interviews:

• What kind of information systems do you use?

• How is the ordering process conducted?

• How do you know how much you have in stock?

3.3.2 Observations
Observation is a form of data gathering that can take place in the field or in a controlled setting.
In the former the observations take place in naturally occurring settings, as the person being
observed goes about their day. In the latter, the observation is performed in an environment
under the observer’s control, where the person being observed performs specific tasks. An
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observation may also be done as a participant or as an observer. When doing a participant
observation the observers tries to immerse themselves in the environment and culture they are
observing to become a part of it. While in a passive observation the observer would try not to
interact too much with the environment or people being observed (Rogers and Preece, 2011).

Figure 3.1: HMIS worker at Bagamoyo district office entering data from HMIS forms into
DHIS2

The observations that took place during the field trip, was not necessarily observations in
the strictest sense of the word, but more akin to demonstrations that took place during the
interviews. For example, an HMIS worker demonstrating how she transferred data from ILS
forms into DHIS2 (see figure 3.1). See Table 3.2 for a list of observations that took place. In
other words ,these demonstrations had elements of what make observations useful in research
as they showed us how the actual worked was being performed (Rogers and Preece, 2011).

Facility name Observation
Mnazi Mmoja Hospital General eLMIS walkthrough
Bagamoyo district office Data entry from paper forms to DHIS2
Bagamoyo district office Entry of order into eLMIS
Immunisation Programme Walkthrough of Cold Chain Inventory Tool (CCIT)

Table 3.2: Observations conducted in Tanzania

3.3.3 Document analysis
Preliminary reading of documents started before the field trip to gain a better understanding
of the areas of supply chains, logistics and LMIS. These documents came from international
organisations and various journals from the fields of health and supply chains.
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After the field trip, a second reading of documents took place. Documents from the interna-
tional organisations were of particular interest in how they defined LMIS and how they saw the
LMIS as part of the whole supply chain. Further research was done on how the academic field
of IS had previously written about supply chains, logistics, and especially LMIS in developing
countries.

3.4 Data analysis
Data analysis can be seen as a way to make formal sense of the empirical material that has been
generated through fieldwork by reconsidering it, looking at it carefully and critically (Crang
and Cook, 2007). The process of analysing data can often times be hidden and does not nec-
essarily have to manifest itself in coding and themes. This process is also ongoing and does
not just happen after data collection (Walsham and Sahay, 1999). The analysis of the data in
this research has taken inspiration from Walsham (2006) where he states "[...] the researcher’s
best tool for analysis is his or her own mind, supplemented by the minds of others when work
and ideas are exposed to them." (ibid. p. 60). The data analysis in this research has therefore
mostly been done by one researcher, however, discussions with other researchers have played
an instrumental part in gaining additional insight into the data.

After each field visit a detailed case of what had been heard, seen, and learned that day
was written. These cases were written jointly by the researchers and included the making of
diagrams to understand the hierarchical structure of the facility and visualise the flow of com-
modities (see Figure 3.2). There were also discussions among the researchers regarding how
the facility that had been visited related to the rest of the supply chain. If there were any incon-
sistencies with what had been learned that day and what was already known. Inconsistencies
between the researcher’s interpretations also occurred more often than not. These inconsisten-
cies lead to further discussions and was usually solved by either doing further research via the
internet or referring to prior field visits. The inconsistencies where there was not found any ad-
ditional data were made note of, to see if future field visits could shed some light on the correct
answer. Table 3.3 shows examples of how the data was interpreted between the field visits.
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Figure 3.2: Diagram illustrating the flow of commodities in Mnazi Mmoja Hospital drawn
during the discussion after the field visit

Source of
data

Key observation Interpretation

Butabika
National
Referral
Mental
Hospital

Pharmacists entered dispensed
drugs and patient information into
ledgers and computer. Unclear if
data in computer was actually used

The same data is entered in several sys-
tems

Butabika
National
Referral
Mental
Hospital

DHIS2 gave no confirmation for
HIV/AIDS commodity orders.
They switched from DHIS2 to
scanning orders and sending it to
the district via email

Lack of feedback from systems to fa-
cilities. Hard to trust the systems

Kiromo
dispensary
and Ilala
district
office

There are several forms to fill out
where data needs to be transferred.
Data doesn’t always match between
forms

Several forms makes it easier to make
mistakes when transferring data be-
tween them

Ilala dis-
trict office

Enters wrong amount when order-
ing commodities (orders 100 boxes
instead of 1 box containing 100
pills)

Inconsistencies of ordering methods
makes it easier to make mistakes
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Mnazi
Mmoja
hospital
and Bag-
amoyo
district
office

Uses WhatsApp to communicate
with other facilities and redistribute
commodities

"Shadow IT" solutions emerge and be-
comes a crucial part of the infrastruc-
ture

MSD and
Bagamoyo
district
office

Orders are adjusted in accordance
with facility budgets. Facilities are
not notified of this

Facilities don’t know if they will re-
ceive what they have ordered. This
leads to redistribution, or worse, stock-
outs, which is how the "Shadow IT"
has emerged

EPI Use several information system
containing the same information.
Data is entered multiple times in
different systems

Lack of overall architectural vision.
Systems being implemented to cater to
specific needs without regards to what
already exists and is used

Table 3.3: Key observations and quotes from field trip with
how this was interpreted

No proper comparison of the two countries took place until after the field trip. Even though
differences quickly started to emerge just by looking at the data at face value during the field trip.
For example, the facility levels in both countries had both paper-based and electronic systems
for inventory management. The first comparison of the two countries was based only on what
was found during the field trip. This consisted of discussions among several researchers, making
diagrams to see what systems were used at what levels of the health system and categorising the
systems used by using the data from the field trip. The results from this research have been used
to write a paper for the IFIP 9.41 conference, which focuses on the challenges and solutions of
LMIS’s in developing countries (Appendix B). This did not yield much results in regards to the
research question, but gave a superficial image of the differences and similarities between the
two counties.

A proper comparison was done when a suitable definition of LMIS had been found. This
lead to further research into what functionality the systems used had and how they were being
used in practice. This was used to create six categories of systems in which all the systems
found were placed into. This lead to more extensive diagrams being made to illustrate what
type of systems were being used at the different levels of the health system. The results of this
can be found in Section 6.4.

3.4.1 Reflections
Although the field trip proved useful and resulted in a lot of data being gathered, there are still
some visits that did not happen, but could have been useful. Seeing as the point of stay in
both Uganda and Tanzania were in urban areas this created a distorted image of the situation in

1International Federation for Information Processing
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these countries. Visits to facilities, hospitals and district offices in more rural areas could have
proved useful as it would have given an insight to how the LMIS is handled in areas with fewer
resources. An interview with someone from the national level of the government could also
have proved useful in gaining and understanding of how the national level sees logistics, what’s
important to them and what vision they have for the LMIS. Further it could have been useful
to visit more facilities in general, as this would have shown if certain problems occur in more
than one place and if there are differences or similarities in how each facility handles logistics.
In other words, this research to find architectural patterns in the supply chains is a bit bold and
opportunistic with the limited data that was collected.

A natural result of many of the visits was also being shown around the facility, which not
only led to new interview subjects being discovered and more data gathered, but also created
an image of the conditions and situations these facilities have to handle. The preparation and
discussions after each field visit proved helpful in digesting what had been learned that day.

Despite the amount of data gathered there are still some questions that are unanswered.
For example, are paper orders being brought directly to MSD registered in eLMIS? Some of
the reason for this was that it was hard to realise that one was missing information during the
interview and as a result important follow-up questions were not made by the researchers.

A longer stay in Uganda would also have been helpful as it would have resulted in more
data coming from a first hand source, rather than a secondary source. First hand data is easier
to work with and could have improved the workflow considerably.

Lastly there were small issues along the way that impacted the research. Differences in
knowledge of English was for the most time not a problem, although some of the interview
subjects did not speak English at all. This resulted in one of our collaborators in Tanzania
having to translate. The visits in which professors from the University of Oslo attended seemed
to have a more formal tone than the once where just students attended. Often times a person
in a higher up position at the hospital gave the tour of the facility. Understandably not every
worker would be willing to point out negative things about their work or criticise their place
of work. The reverse was also considered where a person higher up in the administrative order
might want to present things as better than they are. For example when asking one pharmacy
worker if there were every any power outages, she said yes, while an administrative person said
no. There was also an issue when it came to access. Firstly, seeing as the process of gaining
access to facilities were out of the researchers hands they could not properly state their intent
or reasoning for visiting. The reasoning was usually given after access was granted in a semi-
formal meeting with a person higher up in the hierarchy at the facility. Secondly, sometimes
access was denied because of political reasons. For example the researchers did not gain access
to the MSD warehouse, due in part to the recent shift in leadership in Tanzania.
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Chapter 4

Relevant literature

The health sector is a complex area where a plethora of different actors exists. Some examples
of actors can be found at the organisational level, such ministries of health, NGO’s, donors,
groups of professions such as doctors, specialists of any kind, and individuals, such as the staff
working with diverse health related activates throughout the sector. These all have a common
goal of providing health care to the people, however, their different positions in the hierarchy, as
well as area of focus means they have different informational needs. These needs are often met
with different technologies to help them reach their goal. Information Infrastructure (II) theory
provides a lens of which one can look at a highly complex infrastructure of socio-technical
components. This is, therefore, a good fit, to explain the LMIS’s in Uganda and Tanzania. This
chapter will therefore first present literature around II and how this thesis sees architecture,
before going more in depth into the concept of LMIS. Finally, it will present relevant literature
on Health Information Systems (HIS) in developing countries.

4.1 Information infrastructures

IIs are defined as "a shared, open (and unbounded), heterogeneous and evolving socio-technical
system (which we call installed base) consisting of a set of IT capabilities and their user, oper-
ations and design communities." (Hanseth and Lyytinen, 2010, p. 4).

An II is shared in the sense that it is not used by one group of users, instead, it is used
by a larger community consisting of different user groups (Hanseth, 2000). The infrastructure
will present itself in different ways for the different user groups and they will interact with it
in different ways. Further, IIs are open and evolving, which means that there are no limits
to the number of users, stakeholders or components that can be added to the infrastructure
(Hanseth, 2000; Hanseth and Lyytinen, 2010). In principle, this means that there is no way to
split an infrastructure into parts that that can be used by an individual user group in isolation
(Hanseth, 2000). Neither is there a clear distinction between those who can use the II and
those who cannot (Hanseth and Henningson, 2014). All of these factors combined leads to
heterogeneity. The heterogeneity of an II can be seen in two ways. Firstly, IIs are socio-
technical networks. An II is more than just technology, it also involves humans, organisations,
institutions, and their interdependencies. Secondly, they consist of ecologies of infrastructures.
This effectively means that an II consists of several sub-infrastructures (Hanseth, 2000). An II
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is therefore never built or designed from scratch. It will always be built on top of, integrated into
or replace existing infrastructures, which is called the installed base (Hanseth, 2000; Hanseth
and Lyytinen, 2010; Rolland, 2014). In other words, an II evolves over a long period of time
(Hanseth and Bygstad, 2012), and effectively has no life cycle (Hanseth and Henningson, 2014).
All of these factors contribute to the evolution of an II in different ways.

4.1.1 Evolving information infrastructures
Four streams of thought have been identified on how IIs evolve (Henfridsson and Bygstad,
2013). The first stream sees II evolution as a complex process where "heterogeneous and au-
tonomous human, or organizational, actors seek to use information technology in their adapta-
tion to each other and their external environments." (ibid. p. 3). In other words, these models
presume that there is no one source of an IIs evolution, but rather several factors that contribute
together in different ways. The second stream sees II evolution as a result of the networks of hu-
man and technical actors. The evolution takes place by human actors translating and inscribing
their interests into the technology which creates "an evolving network of human and non-human
actors."(ibid. p 3). The third stream sees II evolution "as a process by which socio-technical
relations emerge from information technology-mediated activities that become meaningful in a
given community-of-practice." (ibid. p 3). Here the activities are the catalyst for the evolution
through the different interactions between people and technology. The fourth and final stream
sees II evolution from a strategic assets perspective, where managers implement changes to "an
organisations portfolio of systems and tools for increasing alignment between its information
technology resources and strategic imperatives." (ibid. p 4). While the first three streams re-
flect interpretive assumptions, the last reflects positivist assumptions (ibid.). The interpretive
streams acknowledge the heterogeneity of an II when trying to understand II evolution. While
the last sees information systems as an independent tool that can help one reach a certain goal.
Although the first three streams have different areas of focus they would likely provide more
cohesive answers to how and why an II evolved the way it did. In contrast the last stream would
likely provide a more binary answer to why an II evolved the way it did, as the "portfolio of
systems and tools" (ibid. p. 4) is seen as an independent factor void of influences.

Further, there are different ways for an II to be innovated upon and thereby evolve. Grisot,
Hanseth and Thorseng (2014) identified three ways of how innovation can take place in relation
to an II: of, in, and on. Innovation of an II means (re)conceptualising and (re)implementing a
new or existing II. This involves changing an infrastructures architecture, reflects a long-term
perspective of the infrastructure, and involves taking into consideration the socio-technical and
organisational effects. Innovation in means modifying or replacing existing infrastructures with-
out changing the architecture. Innovation on means adding to an existing II with new modules,
in addition to what exists already. This further illustrates how an II will always consist of an
installed base. Their findings showed how the architecture affects the speed and degree of how
an infrastructure can innovate. Further, it showed that successful innovation of an infrastructure
requires all three types of innovations to take place, and they do not exist independently of each
other but are deeply intertwined.

For the II to grow one has to take part in installed base cultivation (ibid.). This is to ac-
knowledge that there is an installed base there and to gradually implement changes to it so that
the installed base will evolve to something new. This process has three main aspects and effec-
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tively means to acknowledge what is already there and grow this in an incremental and gradual
fashion. The first aspect is process-orientation, which means engaging with existing technology
and practices and incrementally changing these over time. The second aspect is user mobilisa-
tion, this means that designers do not have full control over the design environment and have
no authority in dictating what is going to be used and not. This means that users need to be
mobilised and motivated to use the new technology. The third aspect is learning, where during
cultivation process designers need to determine which parts are functioning well and which are
not (Grisot and Thorseng, 2014).

Some research into the evolution of IIs suggests that taking a traditional approach to design,
development and implementation will not work (Grisot and Thorseng, 2014; Hanseth and Hen-
ningson, 2014). This means that top-down efforts involving, management, designing something
from scratch, and controlling development and implementation are not suited for IIs to evolve
successfully. However, a study by Henfridsson and Bygstad (2013) of 41 II cases published in
IS journals showed that this was not always the case. They identified cases where centralised
control and tightly coupled architecture yielded an II that evolved successfully. The tightness of
an architecture refers to the interdependency of which the components of the architecture have
to one another. In a tightly coupled architecture, these components have a high dependency on
each other. This stands in opposition to a loosely coupled architecture where the components
have little to no interdependency.

The study consisted of identifying three key mechanisms for infrastructure evolution: adop-
tion, innovation, and scaling. Adoption refers to "a self-reinforcing process by which more
users adopt the infrastructure as more resources invested increase the usefulness of the infras-
tructure." (ibid. p. 13). Innovation refers to "A self-reinforcing process by which new products
and services are created as infrastructure malleability spawns a recombination of resources."
(ibid. p. 13). Scaling refers to "A self-reinforcing process by which an infrastructure expands
its reach as it attracts new patterns by offers incentives for collaboration." (ibid. p. 13).

The cases where tightly coupled architecture and centralised control were present had ac-
tualised the adoption and scaling mechanisms, while the cases that had actualised all three
mechanisms had loosely coupled architecture and decentralised control. They explained this by
saying that the path of the adoption and scaling mechanisms was less ambitious, more straight-
forward, and allowed for more leniency in the type of management interventions. Further, the
give-and-take between the adoption and scaling mechanisms is more straightforward than the
path involving all three mechanisms, where the innovation mechanism is seen as the driving
force for the two other mechanisms. It is important to note that the notion of a tightly coupled
architecture and centralised control defies very definition of an II, as it is not open, flexible,
or shared when it comes to control. The innovation mechanism is principal in the continued
evolving of an II.

An IIs open nature is defined by its standards and architecture. Standards are the technolog-
ical foundation for communication within an II (Hanseth and Monteiro, 1997). They are also
the primary way to shape the evolution of an II in the public sector (Henningsson et al., 2013)
When designing an II, bottom-up approaches have proven more successful, where the standards
are not set in the beginning, instead they come to life as part of the design process (Grisot and
Thorseng, 2014). Hanseth and Monteiro (1997) used actor-network theory to explain how this
bottom-up process takes place as the different actors inscribe their behaviour into the II. As
the actors have different and varying interests and goals, they must be able to re-appropriate or
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re-present other’s interests in their own. The result of this is that there will always be tension
between the standardisation of an II and it’s flexibility (Hanseth and Henningson, 2014).

An IIs architecture plays a big part in shaping how an IIs evolution is managed and or-
ganised (Grisot and Thorseng, 2014; Hanseth and Lyytinen, 2010; Henfridsson and Bygstad,
2013). However, the architecture is something that will come to existence, adapt, and evolve
over a long period of time (Hanseth and Bygstad, 2012). In other words, the architecture can
be either a constraining or enabling factor in the evolution of an II. For an II to be flexible the
architecture has to represent some form of modularisation, that can also handle change as the
requirements change. This means that the architecture should be modelled after the organisation
that is designing and developing it (Grisot and Thorseng, 2014). For example, if an organisa-
tion is working independently, their IT solution should reflect this and also be independent of
other solutions. Furthermore, architecture and governance combined affect how an II evolves in
different ways (Tiwana and Bush, 2010). While governance can reduce behavioural complex-
ity, architecture can reduce structural complexity (Rodon and Hanseth, ND). What is important
when the architecture of the II evolves is that one avoids lock-in effects, where the II cannot
grow as it cannot adapt to new users and requirements (Hanseth and Bygstad, 2012; Matavire
et al., 2013). One should also avoid having one actor controlling the architecture, if one actor
establishes an architectural control point, he will effectively "own" the entire infrastructure and
can control the evolution of the II (ibid.). This also goes against the open and shared aspects of
an II.

Control points are not limited to being technical, they can also be of legal nature. Further,
they can be established anywhere management takes place and any encapsulated element of an
infrastructure can potentially be a control point (Henningson et al., 2013). Control points are
often a solution to the paradox of control, which refers to how different actors have different
ways of governing and tackling change (Tilson and Sørensen, 2010). When establishing control
points one also runs the risk of being out-innovated as one does not have the same ability of
other infrastructures to innovate (Henningson et al., 2013).

The evolution of an II is characterised by tensions and these tensions need to be balanced
throughout an IIs life for it to evolve (Hanseth and Henningson, 2014; Matavire et al., 2013;
Rodon and Hanseth, ND; Tilson and Sørensen, 2010). This constant tension can lead to the
paradox of change, where the stable inclusion of new artefacts, actors etc impacts the flexibility
of unbounded growth (Tilson and Sørensen, 2010). The different nature of these tensions makes
it difficult to point to one specific cause of an IIs failure or success, as there are several factors
in play with a varying degree of influence on the evolving II (Henfridsson and Bygstad, 2013).
These tensions are a natural part of an II and are a result of the heterogeneity of actors involved.
One result of this is that sometimes the "best design by others falls short in the context of
implementation, requiring innovation to appropriate to local contexts." (Matavire et al., 2013,
p.2). This is especially prevalent in the global village, where a solution is made internationally
but is being implemented locally. When looking at how an II evolves it is beneficiary to have
a temporal perspective, as an II can both be a failure and a success at different points in time
(Rolland, 2014).

In the health sector, it is important to shape the evolutionary track of an II, since IIs are
path dependent. Path dependence is where past events will have a large effect on the future and
what might seem like a trivial decision could potentially have huge effects later in the IIs life
cycle (Hanseth, 2000). However, path dependence is also something that is desired as it gives
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continuity to organisational life (Matavire et al., 2013).
To sum up, IIs are defined as "a shared, open (and unbound), heterogeneous and evolving

socio-technical system (which we call installed base) consisting of a set of IT capabilities and
their user, operations and design communities." (Hanseth and Lyytinen, 2010, p. 4). There
are several factors influencing the way an II evolves, these include, but are not limited to con-
trol, standardisation, and architecture. As this thesis is concerned with the current state of the
architecture and how it has evolved it is important to understand what architecture means.

4.2 Architectures and information systems

The term architecture has been broadly used in relation to information technology and has
been appropriated by different fields of work (Jolliffe et al., 2015). Vassilakopoulou and Grisot
(2013) identified three different discourses on architecture. The first being concerned with tech-
nical objects. This is used when making new technological artefacts that are set to have a
predefined behaviour. This is done through detailing the components, connectors and configu-
ration of the architecture. The components refer to the entities in the architecture that through
internal computation and external communication with other systems accomplishes tasks. The
connectors are the connections between components that allow them to perform external com-
munication. Lastly, the configuration "is a collection of component instances which interact
by means of connector instances" (Vassilakopoulou and Grisot, 2013, p. 3). The second dis-
course covers "both technical and non-technical components of enterprises" (Vassilakopoulou
and Grisot, 2013, p. 10). Here the interconnected relationships between heterogeneous compo-
nents are mapped out and the dynamic nature of how software can evolve is taken into account.
An example of such architecture is enterprise architecture which encompasses, "software, hard-
ware organisational structures, human competences and incentive schemes" (Vassilakopoulou
and Grisot, 2013, p. 5). The third and final discourse on architecture is one of "developing
an explicit strategic interest in architectures" (Vassilakopoulou and Grisot, 2013, p. 10). Here
architecture is used to make sense of and deal with complexity in a collection of systems.

In the latter discourse, the focus is not on creating complete blueprints of components and
connectors, but rather on being aware of what has already been created and applying architec-
tural principles to this (ibid.). This means that one needs to have "an explicit understanding of
the underlying architecture" (Smolander et al., 2008, p. 1) to effectively maintain and evolve a
modern information system. This can be done through architectural innovation which is "the
reconfiguration of an established system to link together existing components in a new way"
(Henderson and Clark, 1990, p. 4). To be able to do this one needs architectural knowledge,
which is "a specific type of knowledge concerning how to draw linkages between each of the
components [in the architecture]" (Vassilakopoulou and Grisot, 2013, p. 9). In other words,
knowledge is needed to be able to understand how to connect existing components together in
a new way to evolve what is already there.

In line with how II theory sees architectures come to exist and evolves this thesis sees ar-
chitecture not as theoretical blueprints, but as how the information systems operate in their real
life scenarios (Bergum et al., 2017). This coupled with the concept of architectural innovation
serves as the backbone for how this thesis defines architecture. Architecture is seen as how com-
ponents work together, with either complementary or overlapping functionality. This includes
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structures such as connectors that facilitate how two or more components can share information
and work together. It is recognised that this process is socio-technical involving different actors
in different domains (Nielsen and Sæbø, 2016). The social aspect of how these architectures
come to be is briefly touched upon but is not the focus of this thesis.

4.3 Logistics Management Information Systems
Logistics Management Information Systems (LMIS) is one part of a supply chain. A supply
chain is a general term that encompasses everything from the raw material supply, all the way to
the delivery point of goods (Council of Supply Chain Management Professionals, 2013; PATH,
2010). See Figure 4.1 for a more complete breakdown.

Figure 4.1: PATH Supply Chain Domain Conceptual Model. Adapted from (PATH, 2010, p. 18)

When it comes to the medical commodity supply chains there are also several supply chains
within one country. An example of this is cold chain, which handles the distribution of vaccines.
Cold chain also exemplifies that different supply chains have different needs as vaccines need
to be kept at a certain temperature, or else they will spoil. This requires different equipment
throughout the supply chain, as opposed to commodities not sensitive to temperature changes.
Further, a supply chain consists of many different parts, where different actors and technologies
are involved. These parts have different needs and this is reflected in how they work, as well as
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what technologies they use. There are several information systems used in a supply chain, both
supporting the different needs of one level, as well as how they work. One of these systems is
LMIS.

4.3.1 Definitions of Logistics Management Information Systems

Currently, there are several international organisations working within the field of supply chains
in developing countries today. Some of these organisations include the SIAPS program 1 and
the DELIVER PROJECT 2, organised by USAID. These organisations have their own under-
standing of what an LMIS is and these understandings are often similar, but at times differ quite
substantially. An example of this broadness is demonstrated by USAID "A logistics manage-
ment information system (LMIS) collects, processes and reports supply chain data. A well-
functioning LMIS provides decision makers throughout a supply chain with accurate, timely,
and appropriate data." (JSI, 2005, p. 13). This creates the image of LMIS being everything
from raw material supply down to the individual patients at the service delivery point, which
encompasses everything from an international, national and local level (PATH, 2010). In other
words, no distinction between the supply chain at large and LMIS is being made. USAID has
later narrowed this scope by defining both supply chain and logistics management, trying to
distinguish between the two. They state that "the supply chain includes global manufacturers
and supply and demand dynamics, but logistics tends to focus more on specific tasks within a
particular program (USAID, 2012, p. 13)". Further efforts have been made in distinguishing the
two where common requirements for an LMIS was established, work went into detailing the
supply chain as a whole and limiting the focus of the LMIS (PATH, 2010).

The definition of LMIS that was provided was "An effective logistics management infor-
mation system (LMIS) should ensure that adequate quantity and quality of vaccines, essential
medicines and supplies are always available to meet patient demand." (PATH, 2010, p. 19).
With their work USAID have also updated their LMIS definition to "A logistics management
information system (LMIS) is a system of records and reports - whether paper-based or elec-
tronic - used to aggregate, analyze, validate and display data (from all levels of the logistics
system) that can be used to make logistics decisions and manage the supply chain" (USAID,
2012, p. 3). The World Bank provides a more narrow definition "A logistics management infor-
mation system, or LMIS, provides information on the stock status between levels of the health
system." (The World Bank, 2004, p. 11).

These definitions are very broad and by themselves do not give much insight into what an
LMIS actually is. All of the documents where these definitions are taken from also details what
kind of data an LMIS should handle. This gives a bit more insight into what they mean when
they use the term LMIS, but also creates confusion as the definition is broader than what is
detailed in the data handling. The World Bank describes the essential data items of an LMIS to
be stock keeping records, transaction records and consumption records (The World Bank, 2004).
This is similar to what USAID proposes as the essential data items in an LMIS (JSI, 2005). This
does not tell why these records should be kept and to what purpose. The idea of just keeping
these records should not constitute an LMIS, if the data is not used in some way. In USAID’s

1www.siapsprogram.org
2www.deliver.jsi.com
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updated LMIS definition they have added data items such as "[...] demand, issues, shipment
status and information about the cost of commodities managed in the system" (USAID, 2012,
p. ) in addition to their previously mentioned data items. Their definition of LMIS also includes
words such as "[...] aggregate, analyze, validate and display data [...]" (USAID, 2012, p. 3), this
points to how the recording of these data having a purpose. PATH provides perhaps the most
complete image of what data an LMIS should capture and how it should be used. They point to
"1. Capturing accurate routine administration, dispensing, and consumption data. 2. Real-time,
end-to-end logistics management from point of origin to service delivery point. 3. Demand
forecasting, capacity planning, and modeling based on consumption.” (PATH, 2010, p. 19)

All these definitions are different from each other, as some are very broad, and some are
more focused. In the following subsections efforts have been made to separate the LMIS from
the overall supply chain, covering the different elements of an LMIS and addressing the different
outlooks and needs at the different levels in the health sector.

4.3.2 Logistics Management Information Systems as part of the supply
chain

Logistics is defined as "the process of planning, implementing, and controlling procedures for
the efficient and effective transportation and storage of goods including services, and related
information from the point of origin to the point of consumption for the purpose of conforming
to customer requirements. This definition includes inbound, outbound, internal, and external
movements." (Council of Supply Chain Management Professionals, 2013, p. 117). Logistics
management is then the management of these efforts (ibid.). This shows the supply chain as
the whole picture, from raw materials supply to the dispensing of goods. Logistics and logistics
management is then a part of the supply chain. Looking at Figure 4.1 logistics management,
as it pertains to in this research, is from level three down to one. This indicates that there are
multiple logistics streams within a supply chain. For example, the logistics stream from the
raw material supply to the factory is different than the logistics stream from the factory to the
customer. Although these logistics streams might be intertwined at some point and on the whole
is part of the same operation, they can still be separated as the people involved are different to
each other. A supply chain then contains many different actors and each of these actors can
have at least one logistics stream.

A supply chain contains a plethora of information systems, one of which is LMIS. Further
logistics management is also supported by a wealth of information systems, such as fleet man-
agement systems, and billing and account systems. There has been promising work done by
USAID to differentiate LMIS from Warehouse Management Systems (WMS) (USAID, 2012).
Here a WMS is described as supporting the management and control of products within a ware-
house, as well as "warehouse processes such as receiving and storage, order processing picking
and packing, and shipping products out of the warehouse." (USAID, 2012, p. 4). This also
shows how a WMS can be supported by a fleet management system. In general, much of the
confusion as to what an LMIS is and how it is different from a WMS, or even an Electronic Re-
source Planning (ERP) software, can be attributed to that many of these systems being sold as
packages, that contains elements from different types of software. Instead of having a plethora
of small systems performing highly specialised tasks, one can instead have a package of sys-
tems which might be sold and labelled as an LMIS, but in reality, contains elements of different
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types of software.

4.3.3 The elements of a Logistics Management Information System
When looking at the term Logistics Management Information System, one can clearly separate
the two domains that it encapsulates, logistics and information systems. In the health sector,
there is also a third domain in which the LMIS encapsulates, namely health. In other words,
an LMIS contains three elements, processes, technology and commodities. The (processes of
logistics) has been covered in the sections above. The focus of this section will be on the two re-
maining elements, technology and commodities. This section will also detail the different areas
of operations, informational needs and infrastructure of the three levels in the health system.

The technology that an LMIS incorporates is dependent on the local infrastructure of where
it is deployed. In other words, there are places where paper-based systems are used as the en-
tire, or part of the, LMIS. In the latter, usually, the facilities have paper-based systems, while the
district or national level is computerised. In a paper-based LMIS everything is done manually,
data input, calculations and analysis are all done by a person. A computerised LMIS has the
advantage of being automated, that is to say, all the calculations are done by the computer. In
a partly computerised LMIS typically the facility levels are the ones doing manual work, while
the district might be semi-computerised as they have to use the paperwork from the facilities,
and finally, the national level is fully computerised. This is, of course, related to the infrastruc-
ture of each level. The danger of a computerised, whether fully or partly, LMIS is that it can
be poorly implemented and require extra or duplicate work for it to function properly. Poor
implementation can further lead to the LMIS not being able to share data with other software
and becoming a silo system.

Health is a vast domain and different types of health data are collected for analysis. The
collection of logistics data has sometimes been lumped together with the collection of more
general health data for the Health Information System (HIS), such as disease incidences and
health service delivery. The problem with this is that these data are meant to facilitate different
types of decisions, by different actors (USAID, 2012). When the correct logistics data is being
collected, it is important that this data is accurate, so that it can be used effectively by the LMIS.

Logistics, technology and health must all come together and work in unison to make the
LMIS effective. While the type of data being collected and how it is collected is a lot more
important than the technical fidelity of the LMIS, a bad technical solution can reduce the effec-
tiveness of an LMIS.

To implement an LMIS in an effective way there is a need to understand the levels of the
health system. The amount and names of these levels vary from country to country. Regardless
they have different areas of operations, as well as different needs, infrastructure and access to
technology. The four levels presented below will exist in some variation in most countries.

The national level’s focus is to get medical commodities to those who need it in a cost-
effective way, yet their area of operations is the broadest as they need to deliver to warehouses in
the entire country (Bergum et al., 2017). In addition, they are responsible for the procurement of
commodities. Their approach to logistics is logical, rational and mathematical. They generally
also have the best access to technology and have the best infrastructure, in terms of electricity
and internet connectivity.

The zonal level is where the commodities for different districts are stored. These warehouses
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receive orders and deliver to several districts. They are usually similar to the national level in
their approach to logistics, as well as infrastructure and access to technology. Their area of
operations is usually large comprising of several districts.

The district level acts as the middle man between the zonal and facility level. Their focus
is the management of health services, but they also convey information, such as commodity
orders, from the national level to the facility level and vice versa. Their area of operations is
a lot smaller than that of the national level, but can still be quite large. Their infrastructure is
varied, as it depends on where the district is located. Districts in urban areas generally have
a better infrastructure than rural districts. Their access to technology is more like the national
level, only at a smaller scale.

The facility levels focus is to deliver health services to those who need it. Their approach
to logistics is a lot more pragmatic than the other levels. There are major differences at the
facility level in terms of infrastructure and the technology they use. Generally, the urban areas
are better off in terms of infrastructure and technology. There is also a difference in technology
available and infrastructure between hospitals and smaller clinics.

4.3.4 Defining Logistics Management Information Systems
Based on the information presented in this section, this research will use the definition of an
LMIS as "a system of records and reports on routine administration, dispensing, consumption,
and loss and adjustments data, to support forecasting and distribution of health commodities
from central national storage to point of health service delivery" (Bergum et al., 2017, p. 4).

4.4 Health Information Systems

Health information has been identified by WHO as one of the six building blocks of a health
system and to produce, analyse, and use this information one needs information systems (WHO,
2007). HIS includes systems for health data, of which there are different varieties, systems
for patient data, Health Management Information Systems (HMIS), lab systems and logistics
systems, such as LMIS.

Most research into HIS in developing countries is focused on the current process of collect-
ing health data, how this data is used by managers and how this can be improved. Lippeveld
(2001) tries to clarify how a HIS can be understood as different systems using different data
by arguing that "the HIS structure should permit generation of necessary information for ratio-
nal decision making at each level of the health system, from local all the way up to national."
(ibid,p. 3). Further, he divides the health system into three management functions, individual
care management, health unit management, and health system management. This understanding
of HIS provides a more complete picture of what a HIS is.

Research has revealed that the current HIS situation in many developing countries is one
plagued by fragmentation (Braa et al., 2007). There are several reasons for this fragmentation,
one being the poor data quality of the existing HIS, as well as donors funding specific areas,
causing Non-governmental Organisations (NGO’s) to implement their own system for their spe-
cific information needs without integrating this into what already exists. Another reason is the
existence of several health programs within the health sector that targets specific diseases. These
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programs typically collect different type of data in different ways. In other words, there are no
standards for data elements, nor data collection methods between health programs. This leads
to duplicity in data reported, but also information gaps where important data is not reported,
as well as burdening the health workers with inconsistent data reporting methods (Stansfield
et al., 2008). Another challenge is the centralisation of health management (ibid.). This means
that data processing and analysis is done at the higher levels of the health hierarchy, which
leads to the slow production of feedback reports to the middle and lower levels. The result of
this is low information use at the district level where most public health interventions decisions
are planned, executed and monitored. Further challenges to the HIS in developing countries is
the different infrastructure that exists throughout a country, which leads to a blend of different
technologies being used to collect and store data (Braa et al., 2007).

The fragmentation of HIS in developing countries is a complex issue that needs to be ap-
proached from different angles. Due to all the issues mentioned in the paragraph above inte-
gration of all these different systems has been, and currently is, a priority for many developing
countries, NGO’s and research communities.

4.4.1 Integration of Health Information Systems
Integration is to join "distinct systems in such a way, that they appear as being a whole in a
particular perspective" (Braa and Sahay, 2012, p. 60). This is not the same as interoperability
which is the "ability to exchange data between two or more systems" (ibid. p. 60). Interoper-
ability can be understood as a subset of integration (ibid.). It is important to note that integration
is not limited to information systems and technology but also concerns the organisational and
the interplay of these two domains (Sæbø et al., 2011).

The benefit of technical integration would be the ability to share data between different
health programs and donor efforts, this would reduce the need to collect duplicate data. For this
sharing of data to be possible standards need to be in place, this would contribute to reducing the
confusion of different data elements and data collection methods. This standardisation would
also be part of the organisational integration where different health programs and donors would
reap the benefits of higher quality data being collected. Ultimately the goal of HIS integration
is to "enable smoother coordination and control of organizational processes and health care
delivery." (Braa et al., 2007, p. 18).

Efforts such as the Health Metrics Network have tried to integrate the HIS in developing
countries. This is a highly political affair where certain actors may have more influence on
certain decisions than others. It is also a process that seems logical to those higher up in the
health sector hierarchy, but might be harder to understand for those further down that are dealing
directly with patients, as changes to their routine and too much paperwork affects their available
time to spend with patients (Chilundo and Aanestad, 2004). It is, therefore, important to see this
as a gradual process where actors with different points of view are included in the discussions
(Braa and Sahay, 2012; Chilundo and Aanestad, 2004).

The Health Metrics Network (2008) described an integrated data repository as part of their
framework, where data from several sources of the health system would be stored. This was one
of the key elements of the strategy of integrating and decentralising HIS in developing coun-
tries. Braa and Sahay (2012) took this concept further and referred to it as an integrated health
information architecture where a data warehouse (integrated data repository) would be at the



32 CHAPTER 4. RELEVANT LITERATURE

centre of the architecture and display data catered to various user needs. Both the Health Met-
rics Network and Braa and Sahay saw the health sector as a complex socio-technical network.
Braa and Sahay conceptualised the IHIA through three levels. The first level was the social and
system level, which referred to the users, their business processes and information use. The
second level was the application level which referred to the technical and non-technical appli-
cations and systems in use. The third and final level was the data level. This referred to the
technical interoperability of the architecture. This included standards and the technical infras-
tructure. This division into three levels illustrates how these levels provide services to the level
above it. This leads to the understanding that integration is not only a technical effort and that
all the levels need to function properly for the integration to be efficient.

Braa and Sahay suggest an architecture based on the concept of enterprise architecture. This
architecture should never be set in stone, but rather "be regarded as a process tool, which at any
point would represent the current understanding and knowledge, which by definition will be
inadequate and incomplete, and while at the same time should enable the incorporation of new
developments." (Braa and Sahay, 2012, p. 10-11).

Braa and Sahay further detail how the technical standards which are used for the information
systems to communicate need to be shared by all the systems involved for the integration to
work. They also advise against the common method of creating gateways between systems, as
they are often rigid and are not easy to adapt to new applications. However, research has shown
that creating standards is not always possible and that flexible gateways working together with
standards can solve this issue (Braa et al., 2007).

There is also a need for non-technical standards for health data and health data collection.
Data elements should be specified and detailed, to create a common understanding of what is
being collected (Braa and Sahay, 2012). Further, there needs to be a standardisation of how the
data is collected.

Integration is something that needs to happen throughout the health sector as Lippeveld
(2001) deemed the district level most appropriate level to delegate responsibility to in decen-
tralisation efforts. This is further corroborated by the Health Metrics Network (2008) and Braa
and Sahay (2012) and further illustrates that local levels, such as districts and facilities, have
the need for integrated information systems.

The integration of HIS is a complex process that requires several actors coming together and
working towards a common goal. The integration process might require the health sector to be
restructured, or at least for some of the responsibility to shift to different actors. It also requires a
standardisation of data elements and data collection methods. This is to help the implementation
of a data warehouse, or integrated data repository, where data from several sources will be
stored and can be accessed by various users. This data warehouse approach requires technical
standards and an architecture to be in place for information systems to communicate with each
other. There are also challenges in regards to integrating due to the different infrastructure of
the different health levels. Furthermore, there is a need for the facility level to understand why
this data is being collected, why it is important and to receive feedback on what was reported
(Braa and Sahay, 2012; Health Metrics Network, 2008).



Chapter 5

Empirical findings

The purpose of this chapter is to present the findings of the collective case study described in
Chapter 3. The chapters starts with a detailed description of the medical commodity supply
chain in Uganda before presenting technology and software used in said supply chain. The
same is done for Tanzania.

5.1 Uganda

5.1.1 Medical commodity supply chain in Uganda

The lower level facilities in Uganda receives their commodities via a kit-based system, where
facilities receive a kit with a set number of commodities every other month. In other words, the
facilities have no control over the quantity of each commodity they receive, but the quantity of
each commodity in the kit is consistent. Therefore it is up to the facilities to redistribute stock
between one another, as the catchment area and patient load vary from facility to facility. The
higher level facilities use a pull-based system where they order commodities from the National
Medical Stores (NMS) via paper forms, that are hand delivered, sent by express mail or scanned
and sent via email. The order is delivered to the NMS regional office, and from there sent to the
NMS central office in Entebbe where the orders are processed. A pull-based logistics means
that the facilities order a specific quantity of commodities from their supplier. The facilities
themselves are supposed to order in accordance with their budget. To make ordering easier
when funds are low Uganda has implemented the VEN classification system. This classifies
commodities as vital, essential and non-essential. The findings show a difference in the ordering
procedure from facility level to national level. Internally all the wards within the facilities order
from the hospital store. Two of the four public facilities visited reported that their orders needed
to be approved by the district health officer before it was sent to NMS. One of these facilities
reported that the hospital manager took the paper-based orders to the district health officer
directly and delivered them in person. The other facility did not specify how they delivered the
orders to the district health officer. One facility reported that the hospital director approved the
orders, which were then scanned and sent directly to NMS via email. When NMS receives an
order it is entered into MACS Warehouse Management System (WMS). One facility reported
NMS sending confirmation via email when they receive an order and when they ship an order.

33
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When the facilities receive their order it also comes with a delivery note (see Figure 5.1).

Figure 5.1: Delivery note from NMS

The supply chain for HIV/AIDS commodities uses DHIS2 for ordering. This is done by the
facilities if they have the proper infrastructure, if not paper-based orders are sent to the district
office where it is entered into DHIS2. However, one facility reported that they stopped entering
their orders into DHIS2 themselves as they did not receive any confirmation that the order had
been received. Instead, they sent the order via paper to the district office where it was entered
into DHIS2.

NMS has divided the country into five zones, each zone has six order cycle, as the facilities
order on a bi-monthly basis. These five zones have different deadlines for their order submis-
sion, and consequently different delivery times (see Figure 5.2). This is done because NMS
only has one warehouse that dispatches commodities.

The private medical commodity supply chain in Uganda is pull-based and mostly supplied
by the Joint Medical Store (JMS), who uses the Industrial Finance System (IFS) as their Elec-
tronic Resource Planner (ERP). They receive paper-based orders either physically or by email,
which are entered into IFS. JMS procures commodities either through trading, which is the tra-
ditional process of ordering from suppliers or through donations. When JMS receives donations
they have no control over the amount of commodities they will receive, as this is decided by
the donors and is based on statistics sent to the donors. If the order contains any HIV/AIDS
commodities the statistics part of the order need to be entered into DHIS2 in addition to IFS.

Two of the private facilities reported not ordering from JMS. One facility phoned a nearby
pharmacy whenever they were out of stock. If the pharmacy was out of stock they would acquire
new stock . At the second facility, commodities were ordered directly from larger suppliers
and pharmacies. It was also noted that JMS had inflated prices compared to the suppliers he
contacted. Both these systems had a lead time of less than 24 hours, both ordered on demand,
both were happy with the existing system, and both used paper-based systems within the facility.
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Figure 5.2: Delivery schedule from NMS for 2015/2016

One interview subject said "we will still use the paper records even if we had a digital system.",
although he did admit that it would be difficult for someone to replace him due to his personal
relationship with the suppliers.

5.1.2 Software in the medical commodity supply chain in Uganda

The supply chains in both Uganda and Tanzania consisted of a mixture of technologies, where
there was both paper-based and digital technology used. It is difficult to separate what could be
considered technology, for example, paper, from the software as they are often interconnected.
This section will mainly focus on software, as this was most of what was observed, but as some
of the paper-based systems are vital to the software a brief description of the paper-based sys-
tems found is also given.

Paper forms
Over the years the Ministry of Health (MoH) has released several manuals detailing the dif-

ferent forms used in the Ugandan HMIS. The latest found was released in 20141. The manual
includes stock cards, stock books, tally sheets, internal (within a facility) order vouchers, and
the various bi-monthly HMIS forms for different commodity groups.

1The Health Management Information System Volume 1 Health Unit and Community Procedure Manual 2014
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DHIS2 and the Web-Based ARV Ordering and Reporting System
Uganda developed their first HIS in 1985, which received several revisions through the

1990’s (Kiberu et al., 2014). In 2007 a Health Management Information System (HMIS) web
platform was implemented, however by 2009 this had not been widely adopted. In addition,
there were still issues regarding data quality and fragmented data collection methods. From
2000-2010 the HMIS used paper-based forms at the facility level, which were sent to the district
level, who sent it to the national level via SMS, email, fax or delivered them in person. In
2012 Uganda nationally implemented DHIS2 as their HMIS. Village Reach (2017) reported
that Uganda’s HMIS is strong, although data completeness and quality is a concern. They also
noted that stock and consumption data is only reported for a few tracer commodities.

DHIS2 is also used for the Web-Based ARV Ordering and Reporting System (WAOS). In
2004 the USAID | DELIVER PROJECT started work integrating the vertical HIV supply chains.
In 2010 the Securing Ugandans’ Right to Essential medicines program was requested to develop
a web-based ARV ordering and reporting system. To do this DHIS2 was chosen as the platform,
as it was planned to be used as the platform for the HMIS and it would allow for facilities to or-
der HIV/AIDS commodities, such as antiretroviral vaccines while reporting other data through
the HMIS. The implementation of WAOS brought with it changes to the ordering forms used
for HIV/AIDS commodities, such as the forms for prevention of mother-to-child transmission
of HIV, and ART becoming one unified form, commodities being ordered by packs and not
number of tablets, and the addition of a new data element: number of patients per regimen.

RxSolution
RxSolution is a medical commodity management system developed by SIAPS2, used by

hospitals in Uganda. It is used for inventory management but also has the ability to recommend
the quantity of stock that should be ordered, based on historical data (SIAPS, 2016). Further-
more, it tracks the expiry dates of commodities in the inventory and prevents them from being
distributed if they have expired.

The hospital visited during the field trip reported two issues with RxSolution. Firstly, as
they did not send orders via RxSolution, when they received a shipment it first had to be entered
as a post-order in RxSolution, then entered as commodities received. Secondly, the commodity
list in RxSolution was not always up-to-date. When this happened they had to contact the con-
sultants responsible for updating the list and have them do it manually by coming to the hospital
in person. This could take a couple of days, even though this hospital was located in Kampala.

Sage line 500
Sage Line 500 is the proprietary ERP used by NMS and is developed in the United King-

dom. Sage Line 500 uses the following modules, general ledger, accounts receivable, accounts
payable and cash and banking (National Medical Stores, ND).

MACS Warehouse Management System
MACS WMS is a proprietary software used by NMS for order processing, goods receipt,

and journey planning (National Medical Stores, ND). It also has a radio frequency module in-
stalled.

2www.siapsprogram.org/
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Industrial Financial Systems
The Industrial Financial Systems (IFS) is an ERP implemented in 2013 used by JMS for

sales, inventory management, procurement, orders, payroll, receiving, supply chain manage-
ment and human resources. The system is web-based and JMS has a server in Zambia where
all data is stored. Before IFS was used they had an individual system for each module in IFS.

The negative aspects of IFS that were reported were that when an order contained HIV/AIDS
commodities medicines, they would also have to be entered into DHIS2, in addition to IFS. Fur-
ther, if an order contained both donation and trading commodities, these had to be separated into
to different orders. They were currently working on a way for IFS to automatically separate the
two order types.

WhatsApp Messenger
WhatsApp Messenger, hereby referred to as WhatsApp, is a free messaging app for smart-

phones that supports text, voice, and video calls. The application uses your phone’s internet to
send SMS’s and for calling, which means that you do not have to pay the normal carrier fee for
these services. It also supports group conversations and sharing of multimedia.

WhastApp was found to informally be used by facilities to redistribute commodities be-
tween each other.

Systems not identified during field trip to Uganda
A report by the United Nations Commission of Life-Saving Commodities (2014) shows

several other information systems also being used in the health commodity supply chain in
Uganda not found during the field trip for this research. These systems are listed in the table
below (see Table 5.1).

System name Description
AccessRH Open source procurement and information service used for repro-

ductive health commodities
mTrac Open source system for health workers to report facility stock data

via SMS
PipeLine Proprietary software used to plan procurement and delivery

schedules
Quantimed Open access software providing forecasting and cost estimations
Supply Chain
Manager

Proprietary software providing logistics and operations data from
all health sector levels

Table 5.1: Additional software in the medical commodity supply chain in Uganda (United
Nations Commission on Life-saving Commodities, 2014)
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5.1.3 Integration initiatives in Uganda

MACS WMS and Sage Line 500
Currently, there is one-way interoperability between MACS WMS and Sage Line 500 where

data regarding purchases and journey planning is sent to their respective Sage Line 500 modules.

District Supervision Data System
Securing Ugandans’ Right to Essential Medicines was a project developed in unison with

management sciences for health and the MoH (Uganda Ministry of Health, 2012a). The goal
of the project was to integrate the fragmented medical commodity supply chain in Uganda and
establish information systems to minimise stock outs and wastage. To achieve this the Super-
vision, Performance Assessment, and Recognition Strategy was created. This strategy involved
medicine management supervisors visiting facilities regularly inspecting stock management.

An information system portal was envisioned called the pharmaceutical information portal.
This would serve as a data warehouse and store data from NMS, JMS, the HMIS, and the Dis-
trict Supervision Data System (DSDS). The development of the portal was halted in 2011 by
the director general of health services (Schäfer, 2014). There was still a need to develop infor-
mation systems to be used by the medicine management supervisors, therefore it was decided
to use the architecture of portal to develop the DSDS (Schäfer, 2013). In 2014 the project ended
and no further information regarding DSDS written later than 2014 has been found. According
to the DSDS sustainability plan (2014) the forms used by the medicine management supervisors
have been implemented, as well as the DSDS web portal.

Figure 5.3 illustrates software and technology in the Ugandan medical commodity supply
chain, while also showing the interoperability between software.

Figure 5.3: Technology and systems used in the Ugandan medical commodity supply chains
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5.2 Tanzania

5.2.1 Medical commodity supply chain in Tanzania

Tanzania’s medical commodity supply chain is mostly pull-based. However, one rural clinic was
observed where they used a smart-push method. As opposed to a pull-based system where the
facilities order the quantity of commodities needed, a push-based system is based on forecasting
from the national level, where the facilities receive a quantity of commodities based on previous
consumption. This means that the quantity of commodities received may vary. A smart-push
method is a push-based system where stock data and catchment data area of the facility is used
to calculate the quantity of commodities the facility should receive. At the observed clinic,
the district office did the calculations for the facility and then ordered from the Medical Stores
Department (MSD). This is also the method of which vaccines are ordered in Tanzania. The
primary provider of health commodities in Tanzania is MSD, they have 10 zonal offices. The
facilities are allowed to order from other suppliers than MSD but are not allowed to use their
government fund for this.

MSD’s procurement unit sets up two-year contracts with supply companies. The quantity
of commodities to be ordered in that time period is not specified. The different health programs
are doing their own forecasting and notify MSD of the quantity to be ordered. When MSD
receives a shipment of commodities it gets delivered directly to MSD Central, who distributes
it to the zonal warehouses. Prior to this MSD had the responsibility for clearing their shipments
of customs and taxes at the port.

There are two types of orders MSD handles, regular orders and emergency. Regular orders
are initiated by the facilities quarterly sending paper-based Report & Request (R&R) forms to
the district offices. The facilities in a district are divided into three delivery groups, A, B, and
C. These groups have different deadlines for the R&R form submission and subsequently get
their shipments at different times (see Figure 5.4). This is done to efficiently use the truck fleet,
covering one-third of the country each month.

Figure 5.4: Ordering and delivery groups in Tanzania (USAID, 2010, p. 3)

At the district office, the orders are manually entered into electronic Logistics Management
Information System (eLMIS) by the district pharmacist who also checks the forms for irregu-
larities and calls the facility if clarification is needed. The orders are sent, via eLMIS, to the
MSD zonal warehouse, as well as the logistics management unit of the Ministry of Health,
Community Development, Gender, Elderly and Children (MoHCDGEC). MSD uses an ERP
called Epicor 9. It takes about 2-3 hours to process and order at the zonal warehouse. When the
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order has been picked, MSD zonal transports the shipment directly to the facility. The facilities
are charged a flat fee for this transport, regardless of distance from the warehouse to the facility.

Orders can also be brought directly to the warehouse on R&R forms. This is mostly done
by hospitals, as they order whenever they need commodities. The hospitals are also responsible
for picking up the commodities themselves.

Emergency orders are sent via eLMIS and have to be approved by the logistics management
unit. If the order is approved it is sent to MSD who picks the commodities as usual. However,
the facilities have to go to the warehouse to pick up their shipment, or they have to wait for the
next regular shipment to arrive. One district pharmacist interviewed during the field trip said
that most facilities in her district did not send emergency orders. Instead, they used WhatsApp to
contact her, the district pharmacist, so she could facilitate distribution of commodities between
the facilities.

On Zanzibar, the Central Medical Store (CMS) is responsible for delivering commodities to
the facilities. They are using the same grouping system that MSD is using and are delivering
commodities quarterly. CMS is an independent organisation and is not supervised by the Mo-
HCDGEC or MSD. Although CMS buys commodities internationally, the interview at MSD
revealed that CMS is one of the biggest customers of MSD. Redistribution is done similarly
to the Tanzania mainland, however, the district material managers, which is the equivalent of
the district pharmacist on the Tanzania mainland, have motorcycles provided by the Zanzibar
Ministry of Health to use for redistribution.

5.2.2 Software in the medical commodity supply chain in Tanzania
To reiterate what was presented in Section 5.1.2, a mixture of technologies used in the supply
chains was observed. While the main focus of this section is to present the software of the
supply chain there will also be given a brief description of the paper-based systems used in the
supply chain as they are often interconnected with the software used.

DHIS2
The HMIS used in Tanzania prior to DHIS2 was the MTUHA, a Microsoft Access based

software (Mandara et al., 2005). MTUHA is an acronym for Mfumo wa Taarifa za Uendeshaji
wa Huduma za Afya, which means health management information systems in Swahili. This
system operated stand alone on each computer it was installed on and had basic functions for
import and export of data. In 2005 an assessment of the MTUHA took place in three regions,
where several issues were discovered. Some of these issues were lack of clear reporting time
frames, incomplete datasets, limitations in allowing new reporting requirements due to hard
coded functionality, and lack of data usage due to timeliness.

In 2003 the first version of DHIS was introduced in Tanzania, this was only a partial im-
plementation and only three municipalities, one town and one city used DHIS. The previously
mentioned report suggested that DHIS should be implemented in at least the three regions sub-
ject of the assessment. In 2007 the Ministry of Health and Social Welfare, now known as
MOHCDGEC, released a plan to develop a new integrated Health Information System (HIS)
(HISP, NDb). In 2010 the implementation began, a year later a pilot for DHIS2 was started,
and over the next two years DHIS2 was nationally implemented.

HMIS data is manually transferred at the district offices by HMIS workers from paper forms
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which arrive monthly from the facilities. The reporting is either done by facilities bringing
the form to the district, or by the districts collecting the forms directly at the facilities. An
example of the latter is the Bagamoyo district, where they drive to the facilities every month to
pick up the forms. On these trips, inspections are also carried out, as well as redistribution of
commodities. The deadline for submission of the monthly reports in DHIS2 is the 14th of every
month, however, there are sometimes issues adhering to this due to infrastructural issues, such
as internet or electricity. The data collected in DHIS2 is publicly available to anyone through
the HMIS web portal 3 (see Figure 5.5).

Figure 5.5: Screenshot of HMIS web portal home page

3https://hmisportal.moh.go.tz/hmisportal/#/home
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Integrated Logistics System
The Integrated Logistics System (ILS) was introduced in 2009 and was an expanded version

of the previous pull system used in Tanzania, called the indent system, which was implemented
in the early 2000’s to replace the existing push-based system (Mikkelsen-Lopez et al., 2014).
This system included 70 essential medicines, allowed facilities to order individual medicines,
and established individual accounts for the health facilities at MSD with their own credit re-
ceived from the government. The system excluded hospitals, as well as programs for family
planning, sexually transmitted infections, HIV, and malaria. Both the indent system and ILS are
paper-based systems.

Figure 5.6: First version of ILS from 2005 (USAID, 2015, p. 4)

In 2005 the Ministry of Health and Social Welfare, now known as the MoHCDGEC, col-
laborated with John Snow Inc (JSI) and expanded the indent system to the ILS. This included
all vertical programs, except for the programs for tuberculosis, leprosy and immunisation, as
they performed well in their respective programs (see figure 5.6). In 2012 lab equipment was
also added to be part of the ILS. The ILS consists of 12 forms such as the store ledger, patients
register, dispensing register (see figure 5.7), injection register, Report and Request (R&R) form
where the actual orders are filled out and tally sheets (see figure 5.8).

There exists three different types of R&R forms, one for dispensaries and health clinics, one
for hospitals and one blank form. The fields included in the R&R forms are, supply item, unit
of issue, beginning balance, received from MSD during period, actual dispensed, lost/adjusted,
ending balance (stock on hand), quantity required for new patients, total estimated consump-
tion, maximum stock quantity, quantity to order, and quantity requested. See Figure 5.9 for
an example of an R&R form. The program for antiretroviral vaccines, used to combat HIV
and AIDS, and the tuberculosis and leprosy program have their own logistics systems that are
heavily influenced by the ILS, as they use MSD for storage and distribution and use standard-
ised forms and ledgers for ordering. However, the tuberculosis and leprosy program uses a pull
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Figure 5.7: Dispensing register used at MNazi Mmoja Hospital

Figure 5.8: Tally sheet used at Mnazi Mmoja Hospital

method to distribute to the districts and from there to the clinics a push system. This is due
to the different phases of these diseases and sites only have patients on specific regimens (JSI,
2016).

eLMIS
The electronic Logistics Management Information System (eLMIS) was nationally rolled

out in 2015 and mostly replaced the paper flow from the districts to the zonal warehouses.
eLMIS was developed by JSI and is based on OpenLMIS4, which is an open-source solution
for managing the health commodity supply chain in developing countries. It was envisioned as
a logistics data warehouse, being the hub of logistics data from other systems such as Epicor 9,
DHIS2, and ILS Gateway (see Figure 5.10) (Tanzania Ministry of Health and Social Welfare,
2015). Furthermore, it has been developed with the intention that in the future when the proper
infrastructure is more widespread it can be used by the facilities themselves to place orders.

4www.openlmis.org
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Figure 5.9: R&R form for ARV used at Ilala Mnnazi Hospital

Today they are still working towards that vision. On the Tanzania mainland eLMIS is used at
all the district offices, but not all facilities due to the lack of proper infrastructure. More than
50% of hospitals are trained to use eLMIS. On Zanzibar, there is one district where eLMIS is
used at the facility level.

The R&R forms sent to the district office is manually transferred into eLMIS by the district
pharmacist. This is done by first choosing the facility, then choosing the type of order (regular
or emergency), and finally selecting the date, this brings up the order form which is a digital
version of the paper-based R&R forms. While the cost of the commodities appears in eLMIS,
the facility budgets do not. This is sent from MSD via email and printed out. If a commodity is
not used by the facility, it is checked as not applicable and is greyed out. This needs to be done
every time a new order is placed. eLMIS is also more up to date than the ILS forms, which
means that commodities not appearing on the R&R form are written in a separate blank R&R
form. The order from eLMIS is sent to MSD, but is also checked by the logistics management
unit.

Figure 5.10: Planned integration of eLMIS with other information systems used in the supply
chain. Adapted from (Tanzania Ministry of Health and Social Welfare, 2015, p. 15)
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Epicor 9
Epicor 9 is the proprietary ERP used by MSD at their warehouses since 2012 (JSI, 2016).

Recently there have been talks regarding the implementation of Epicor 10, but this requires
budget allocation. Epicor 9 is developed in the United Kingdom and they offer global support,
yet this is costly and as a result, MSD has only received a few lectures. The modules used in
Epicor 9 is stock management, financing and human resources. One interview subject at MSD
specifically mentioned that they did not use the forecasting module (as this was done in excel),
or the budgeting and customer relations modules. However, it was not clear whether or not these
modules had been implemented. One module that was not implemented was the performance
management module, which they wanted to implement in the future.

ILS Gateway
ILS Gateway is an open-source mobile health logistics reporting system based on Comm-

Care Supply5, developed by JSI, and implemented in 2010. When it first launched it only
tracked six family planning commodities. Today the system is reporting on a total of 20 re-
productive and maternal health tracer commodities. The reporting is done once a month by
facilities where they report on stock on hand, and losses and adjustments to stock. In addi-
tion, ILS Gateway also sends reminders to submit the R&R form and inform about upcom-
ing facility supervisions (JSI, 2011). ILS Gateway is not meant to be a stand-alone infor-
mation system, but rather a tool to validate data with other software. ILS Gateway uses a
toll-free number, so the facility staff are not burdened with paying a fee to be able to do their
job. The information received from the facilities is available through the ILS Gateway web-
site. This website used by the district pharmacist as well as other actors at the district level
for analytical purposes. There have been requests to report on more than 20 commodities,
however according to one interview subject "[ILS Gateway has] reached it’s maturity level"
The 20 commodities being reported on today is almost the size of a full-size SMS, reporting
on more commodities would mean to split the information into more than one SMS, which
might cause issues. There have been discussions about using some sort of online form, or
an app, instead of SMS, however, this would mean the users would have to have smart phones.

CTC2
CTC2 was a system found at the Care and Treatment Center (CTC) at Mnazi Mmoja hos-

pital. This system is used for recording treatment history of HIV/AIDS and tuberculosis of
patients. In addition, it is a stock management tool, where details such as physical inventory,
losses, and commodities given to another facility can be stored. The treatment history part of
CTC2 uses a unique number only associated with that specific patient. This is done because
patients typically develop resistance, or suffer from side effects, of the cocktails of medicines
they receive. These cocktail regimes therefore have to be changed once in a while. The patients
are registered with a unique identification number that is only used in this system.

WhatsApp Messenger
WhatsApp was observed being informally used by a district pharmacist in one district to

communicate with the facilities within her district.

5www.commcarehq.org/solutions
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mSupply
mSupply is a proprietary software used at the Central Medical Store (CMS) on Zanzibar.

During the interview with CMS they compared mSupply to Epicor 9, which is an Enterprise
Resource Planner (ERP), used on the Tanzania mainland by MSD. However, USAID described
mSupply as a Warehouse Management System (WMS) (USAID, 2016). The functionalities of
mSupply described during the interview with CMS were inventory ledger, tracking shipments,
forecasting and budgeting.

Cold Chain Inventory Tool
The Cold Chain Inventory Tool (CCIT) was implemented in 2007 and is a system used

for monitoring cold chain equipment such as refrigerators and freezers. Vaccines will spoil if
their temperature reaches a certain level, therefore special refrigerators are used for storage (see
Figure 5.11). These have temperature gauges (see Figure 5.11) that show the high and low
points of the equipment from a certain period. They usually also have the ability to maintain
the temperature they are set at for some time during an electricity outage.

Figure 5.11: Cold chain refrigerator (left) and cold chain refrigerator temperature gauge (right)

(a) Cold chain refrigerator used at Disunyara
dispensary

(b) Cold chain refrigerator temperature gauge
used at Disunyara dispensary
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The system will send a notification via SMS or email to the appropriate facility if it detects
the wrong temperature levels on a piece of cold chain equipment, or a power outage lasting
more than a couple of hours. The district immunisation and vaccine officer will then receive a
message from the facility and update the equipment status in the inventory tool, which notifies
the immunisation and vaccine development program. It is worth pointing out that during the
field trip a facility was observed to not use cold chain equipment for storage of their vaccines.
Instead, they used a normal fridge, with a normal thermometer inside it to measure the temper-
ature. In other words, they only had knowledge of the current temperature in the fridge, and
not it’s low point. The interview subjects at the facility and districts levels seemed to have no
knowledge of what CCIT was. However, in one district a system was observed that notified the
district immunisation and vaccine officer of faulty cold chain equipment, though it was never
confirmed if this system was CCIT.

There were also observed temperature monitor devices that could be connected to a com-
puter via USB where the temperature for the last 30 days was stored. It was not clear if this was
part of CCIT.

Stock Management Tool
Stock Management Tool (SMT) is a web-based system used at the district level to order

vaccine commodities and at the immunisation and vaccine development program as an analysis
tool (see figure 5.12). It was previously excel based, but this changed in 2014. It mainly has
two functionalities, stock management and cold chain equipment manager. It was if the latter
functionality was used. Both public and private facilities are registered in the system.

The data used to make orders in SMT comes from vaccination ledgers delivered from the
facilities to the district. These ledgers do not include how many vaccines is needed as this is
calculated automatically by SMT based on consumption or target population.

Figure 5.12: Screenshot of SMT dashboard, provided by the IVD program

District Vaccination Data Management Tool
District Vaccination Data Management Tool (DVDMT) is an excel based system used at

the district offices. This system is similar to DHIS2, although exclusively used for vaccination
data. DVDMT runs as a local instance on each computer and the sharing of data is done by
sending excel files via email. The IVD program wanted to have the ability to match data be-
tween DVDMT and SMT. They said that they were currently working on integrating DVDMT
and SMT. However, it was unclear whether this integration was only between DVDMT and
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SMT, or if they were referring to the Vaccine Information Management System (VIMS) (de-
tailed in the next section).

Systems not identified during field trip to Tanzania
A report by the United Nations Commission of Life-Saving Commodities (2014) shows

several other information systems also being used in the health commodity supply chain in
Tanzania not found during the field trip for this research. These systems are listed in the table
below (see table 5.2).

System name Description
AccessRH Open source procurement and information service used for repro-

ductive health commodities
Channel Proprietary system that displays instant information on stock bal-

ances and impending stockouts
ORION@MSH Proprietary pharmaceutical management system used for procure-

ment, sales, inventory, and warehousing
Quantimed Open access software providing forecasting and cost estimations
SMS for Life Open source system that uses SMS for stock counts of malaria

and TBL medicines

Table 5.2: Additional software in the medical commodity supply chain in Tanzania (United
Nations Commission on Life-saving Commodities, 2014)

5.2.3 Integration initiatives in Tanzania
JSI’s framework for integrated supply chains

John Snow Inc’s 6 (JSI) work with integrating supply chains uses practices and principles
from the commercial supply chain and applies it to the medical commodity supply chains in
developing countries (JSI, 2012). This includes streamlining the supply chain process, breaking
down silos, increasing visibility of information within the supply chain, and using technology
to facilitate decision making.

JSI has identified three phases of which almost every country moves through in their medical
commodity supply chain. The first phase is the ad hoc phase, here there is little to no coordi-
nation of the supply chain and it is characterised by fragmentation. The second phase is the
organised phase, here the supply chain has become more standardised. LMIS’s have been im-
plemented and basic logistics functions are in place. The final phase is the integrated phase, here
all entities of the supply chains are linked together. Information usage is high and resources are
used effectively and efficiently to monitor and improve the processes within the supply chain.

DHIS2 and eLMIS
In May 2016 a dashboard combining HMIS data from DHIS2 and LMIS data from eLMIS

launched (see Figure 5.13). Data from the HMIS and LMIS are often analysed annually to
determine forecasts, but not compared throughout the year (UN Commission on Life-Saving

6www.jsi.com
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Commodities, 2016). DHIS2 had previously only collected logistics data related to stock outs,
this interoperability between DHIS2 and eLMIS means that consumption data from eLMIS can
be displayed together with the number of cases recorded in DHIS2.

While visiting JSI the research team witnessed a discussion between JSI and the DHIS2
team regarding the dashboard. One challenge of this interoperability was that eLMIS and
DHIS2 use different logic around periodicity. Where as DHIS2’s data is reported and stored
monthly, eLMIS’s data is reported and stored quarterly. The research team also wrote a test
plan (Appendix C) and conducted comparisons of data from DHIS2 and eLMIS, using DHIS2
and a data dump from eLMIS provided by JSI. The result of this comparison showed minor
differences in the naming of facilities, and bigger differences in naming of commodities, where
DHIS2 grouped certain commodities together and eLMIS displayed each individual commod-
ity. There were also instances of data missing from DHIS2. In the final version the issue of
differing reporting periods was solved, however the mapping of matching facilities in DHIS2
and eLMIS was done manually (UN Commission on Life-Saving Commodities, 2016).

Figure 5.13: Dashboard in DHIS2 displaying HMIS data (top graph) and eLMIS data (bottom
graph) (UN Commission on Life-Saving Commodities, 2016, p. 13)

Epicor 9 and eLMIS
Currently there is manual transfer of orders from eLMIS into Epicor 9. However, during

the field trip there was a test of a interface developed internally at MSD that sent orders from
eLMIS into Epicor 9. Prior to this they had received an interface developed by the government,
but it was deemed too slow as it took about 5 days to process 200 orders. In the testing so far the
interface had met their requirements and they were hopeful of developing a two-way interface
next. In January 2017 the health development partners group in Tanzania released an update
of a work group where a presentation had been given presenting a dashboard linking eLMIS
and Epicor 9 (Health Development Partners Group in Tanzania, 2017). This would enable the
visibility of stock status, financial availability status and visibility of incoming shipments. The
dashboard was currently in development.
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mSupply and eLMIS
There exists an interface between mSupply and eLMIS that let’s them share data (USAID,

2016). It is not known whether this is a one-way or two-way interoperability, although a natural
reason for this integration would be to feed requisition data from eLMIS to the warehouse-based
mSupply.

ILS Gateway and eLMIS
There is currently work being done on an interface between eLMIS and ILS Gateway. Dur-

ing the meeting with JSI they also expressed that an interface with DHIS2 was a possibility, but
it did not seem that this was being worked on or planned for the near future.

VIMS
The Vaccine Information Management System (VIMS) is currently under development by

JSI and is meant to unify CCIT, SMT, and DVDMT into one system. The developers of VIMS
describes it as an instance of eLMIS and is developed on OpenLMIS, the same platform as
eLMIS is developed on. The intention is for the CCIT portion of VIMS to be used at facility
level and there is plans to share data with DHIS2 and Epicor 9. They are also planning to
add a feature where equipment status can be reported via SMS. Currently the data reported in
DHIS2 does not match the data the immunisation and vaccine development program has. As
one VIMS developer said "if we can integrate the two systems, we can improve data quality
in DHIS2". VIMS will also relieve some of the burden from the health workers as VIMS only
requires one form to be filled out and sent to the district office. This form is a revised version of
existing forms and includes new fields for the patient’s sex and if they were inside or outside the
catchment area. Seven regions have been trained about the new form and facilities have been
oriented in the new form, as stated by a VIMS developer "VIMS cannot be implemented if the
new forms are not incorporated into the daily routine at facility level".

Figure 5.14: VIMS dashboard



5.2. TANZANIA 51

Figure 5.15 illustrates software and technology in the Tanzanian medical commodity supply
chain, while also showing the interoperability between software.

Figure 5.15: Technology and systems used in the Tanzanian medical commodity supply chains
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Chapter 6

Discussion

In this section, the empirical findings from Uganda and Tanzania will be discussed in the light
of relevant literature to answer the research question presented at the beginning of this thesis.

First, an analysis of the supply chain information systems in the two countries according
to Information Infrastructure (II) theory will be presented. This is to prepare the discussion on
architectural patterns which will answer the research question of this thesis: which architec-
tural patterns emerge from examining the medical commodity supply chains in Tanzania and
Uganda?

6.1 LMIS’s as Information Infrastructures

In Chapter 4 LMIS was defined as "a system of records and reports on routine administration,
dispensing, consumption, and loss and adjustments data, to support forecasting and distribution
of health commodities from central national storage to point of health service delivery" (Bergum
et al., 2017, p. 4). This is only a part of the supply chain, which contains other systems that
support other processes within the supply chain, such as financial systems and Warehouse Man-
agement Systems (WMS). A categorisation of the systems and software in the supply chains is
provided in Section 6.3.

The LMIS in Uganda consists of two technologies; the WAOS, based on DHIS2 which is
used for ordering HIV/AIDS commodities, and the paper forms used to order other commodi-
ties. Other software and systems exist that are supporting different processes in the supply chain
but are not directly connected to the LMIS. Instead, they are interconnected to the LMIS, via
data from these systems being used in the LMIS or data in these system coming from the LMIS.
One such example is MACS WMS used by the National Medical Stores (NMS). The different
actors involved in the LMIS are the Joint Medical Stores (JMS) for private clinics, the facility
workers, the district workers and the NMS. These interact with the LMIS in different ways and
by extension have different perspectives of the LMIS and are exposed to it in different ways.
The LMIS is therefore supported by a heterogeneous collection of different actors, technologies,
and software. The supply chain has changed over time due to organisational changes and the
introduction of computerised systems. This has brought with it changes to the LMIS too, one of
which was the Web-Based ARV Ordering and Reporting System (WAOS) which integrated the
fragmented HIV/AIDS commodity supply chains and partly replaced paper-based order forms
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from facility level to national level. There is a certain dynamism in the system of the supply
chain, with the method of collecting data which is used in the LMIS that is standardised through
forms that are developed by the Ministry of Health (MoH) and collaborating partners. Thus, the
LMIS shows signs of evolving and adapting as new standards are implemented.

The LMIS in Tanzania is based on the indent system, which brought with it organisational
changes to the supply chain and integrated the fragmented ordering process for commodities
from different health programs. This was further developed into ILS, which continued to in-
tegrate more health programs into the ordering process and standardise the forms used in the
ordering process. The LMIS in Tanzania for essential commodities mainly comprise of Report
and Request (R&R) forms and eLMIS, while the LMIS for cold chain consisted of vaccine
ledgers and the Stock Management Tool (SMT). As in Uganda there exist software applications
that use data from the LMIS, without being directly connected to it. An interesting example
of such software applications is ILS Gateway, that report data on 20 tracer commodities and is
meant to be used as a tool to validate data with eLMIS. These different types of software are
used by different actors such as Non-governmental Organisations (NGO’s), the Medical Stores
Department (MSD), facility workers, and district workers. This exemplifies the socio-technical
heterogeneity of the LMIS where both human and organisational actors interact with different
types of technology. Some of the actors such as NGO’s have had a profound influence on the
supply chain, and consequently the LMIS in Tanzania. Both ILS and eLMIS have been devel-
oped by an NGO (JSI), eLMIS being the most recent example where it has replaced R&R forms
from the district level to the national level and is envisioned as a logistics data warehouse. This
vision further exemplifies the interconnected nature of the LMIS and shows how an LMIS is
only one part of a larger supply chain.

Both countries LMIS’s thus shows a heterogenic collection of actors, technologies, and
software in the LMIS. Further, there is evidence to support that the LMIS infrastructure is a part
of the greater supply chain infrastructure. From these two brief summaries of the LMIS’s one
can see that the LMIS’s in these two countries fit the definition of an II, which is "a shared, open
(and unbounded), heterogeneous and evolving socio-technical system (which we call installed
base) consisting of a set of IT capabilities and their user, operations and design communities."
(Hanseth and Lyytinen, 2010, p. 4). A more detailed breakdown of why these LMIS’s can be
seen as IIs can be found in Table 6.1.

Now that it has been established that these two LMIS’s can be seen as IIs, this means one
can apply II theory that talks about innovation and evolution to these cases. This is done in the
subsequent subsections.
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II aspect Uganda Tanzania
Shared • Different perspectives of

the LMIS (NMS, JMS, phar-
macists, nurses, etc), but part
of the same infrastructure
• The LMIS presents itself

in different ways for differ-
ent users (paper forms, elec-
tronic)
• Standard ordering forms on

paper, email, and in DHIS2

• Different perspectives of
the LMIS (MSD, pharma-
cists, nurses, etc), but part of
the same infrastructure
• The LMIS presents itself
in different ways for different
users (paper forms, elec-
tronic)
• Standards through ILS
forms

Evolving • WAOS integration of
HIV/AIDS commodity order-
ing forms
• HIV/AIDS commodity

ordering through DHIS2

• ILS integration of ordering
forms
• From ILS paper forms to
eLMIS
• Ongoing and planned inte-
gration

Open • LMIS data is used at var-
ious levels for different pur-
poses (E.g. stock data is rel-
evant to both health workers
and NMS
• Potentially no limit on

end-users (hospitals, facilities
etc), providers etc
• Limiting factors include

money, space, and need

• LMIS data is used at var-
ious levels for different pur-
poses (E.g. stock data is rel-
evant to both health workers
and MSD
• Potentially no limit on
end-users (hospitals, facilities
etc), providers etc
• New or existing technolog-
ical solutions can be intro-
duced and integrated
• Data can be shared through
interoperability
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Heterogeneous • MoH
• Suppliers
• NMS
• JMS
• Facilities
• Workers at each level

(warehouse workers, doctors,
nurses etc)
• WAOS
• Computers
• Standards
• Paper (forms, ledgers,

stock cards etc)
• Phones (mobile and land-

line)
• Email
• Fax
• Mail
• WhatsApp

• MoHCDGEC
• Suppliers
• MSD
• CMS
• Facilities
• Workers at each level
(warehouse workers, doctors,
nurses etc)
• eLMIS
• DHIS2
• Computers
• Standards
• Paper (forms, ledgers,
stock cards etc)
• Phones (mobile and land-
line)
• WhatsApp

Installed base • Previous logistics stream
• Existing paper forms and

routines
• Existing infrastructure

• Previous logistic stream
• Existing paper forms and
routines
• Existing infrastructure

Table 6.1: The Ugandan and Tanzanian LMIS described as
IIs

6.2 Innovations and evolution in LMIS’s
Both countries LMIS’s have shown evidence of innovation, either through organisational changes
or through the widespread adoption of information technology in the 2000’s. Both countries
have made efforts in trying to improve their overall medical commodity supply chain, by im-
plementing computer systems and different technologies to aid in this goal. This section is split
into three subsections, the first applies the concept of installed base cultivation to both LMIS’s.
The second applies Grisot, Hanseth, and Thorseng’s (2014) concepts of innovation of, in, and
on infrastructures to the LMIS’s, while the third subsection uses Hanseth and Bygstad’s (2012)
mechanisms for infrastructure evolution and applies them to the LMIS’s.

6.2.1 Installed base cultivation
Installed base cultivation is to acknowledge that an installed base exists and to implement
changes to it gradually to create something new on this installed base (Vassilakopoulou and
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Grisot, 2013). To cultivate the installed base is often something that is decided when one plans
alterations to an infrastructure. No data was found to support the fact that installed base culti-
vation was something that was actively engaged in when evolving the LMIS’s in Uganda and
Tanzania, but evidence is presented below that supports this being done, intentional or not.

Installed base cultivation consists of three aspects, the first aspect is process-orientation,
which means engaging with existing technology and practices and incrementally changing these
over time (ibid.). This is evident in both Uganda and Tanzania. In Uganda the integration of
the fragmented HIV/AIDS supply chains and the implementation of WAOS is a step towards
more digital technology being used in the supply chain. In Tanzania the introduction of the
indent ordering system, which was developed into the ILS, and then the introduction of eLMIS
is an example of this first aspect. This is evident in the vision for eLMIS, where the process
of making eLMIS interoperable with other software application are part of the initial plans for
eLMIS. This process is guided by the JSI Framework for Integrated Supply Chain Management
in Public Health (2012).

The second aspect is user mobilisation, this means that designers do not have full control
over the design environment and have no authority in dictating what is going to be used and
not. This means that users need to be mobilised and motivated to use the new technology.
This aspect is interesting when applying it to the LMIS’s as the users have to use some of the
solutions they are given as it is part of their job. However, it is important to stress that if there
exists alternatives to the solution and the users are not satisfied with the new solution, they will
use the alternative. This is evident in Uganda where a hospital had stopped entering orders into
the WAOS themselves, due to lack of feedback from the system, and instead sent orders via
paper to the district office.

The third aspect is learning, where during the cultivation process designers need to deter-
mine which parts are functioning well and which are not. As the use of digital technology
software is something that is relatively new to the LMIS’s in Uganda and Tanzania, this is an
ongoing effort. From the data gathered the LMIS’s there does not seem to be any glaring issues
where something is not functioning at all, which can be solved by a technical solution. This
speaks to the complex nature of LMIS’s and that there are several parts that are dependent on
each other.

The aspect of process-orientation is easier to observe compared to user mobilisation and
learning. This is due to the fact that process-orientation is change that can physically be ob-
served in the setting of LMIS’s in developing countries. This could also be said for user mobil-
isation, but as discussed above using new technology is not always a choice for the workers. As
for learning, this aspect is more likely to be observed if one had access to the health ministries
or one of the NGO’s who are involved in the LMIS in these two countries.

6.2.2 Innovations within the LMIS’s
Another view on infrastructure cultivation is to look at various forms of innovation. Grisot,
Hanseth and Thorseng (2014) introduces the concepts of innovations of, in, and on the infras-
tructure which has an affect on how the infrastructure evolves.

Innovation of infrastructures is (re)conceptualising and (re)implementing a new or existing
II. This involves changing an infrastructures architecture, reflects a long term perspective of
the infrastructure, and involves taking into consideration the socio-technical and organisational
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effects. In Uganda innovation of the LMIS is present in the activities around the implemen-
tation of the WAOS and the DSDS. The WAOS brought with it changes to the fragmented
HIV/AIDS supply chains resulted in a more cohesive method for ordering commodities related
to HIV/AIDS. The DSDS was envisioned as a data warehouse for logistics data and brought
with changes to the organisational structure of supply chain through regular inspections of fa-
cility stock management efforts.

In Tanzania, a new pull-based ordering system replaced the old push-based system, which
served as the installed base of which the ILS was developed upon. ILS brought with it organ-
isational changes, as well as integrated several previously fragmented supply chains into one.
eLMIS is a further example of innovation of the LMIS in Tanzania. As it has been envisioned
as a data warehouse for logistics where logistics data from several sources will be stored, and is
planned to be used at facility level when the proper infrastructure is in place.

Innovation in refers to modifying or replacing existing infrastructures without changing the
architecture. Here one could argue that replacing paper-based systems with something com-
puterised is innovation in the infrastructure. However, this would depend on how one defines
architecture. A technical view of architecture would here lead one to say that something digital
is not an innovation in the infrastructure because it has changed the technical architecture by
adding a new component. However given this thesis’s view of architecture as how components
share information and work together through interoperability and integration, one could say that
the new component, has simply replaced the old component of paper-based order forms. The
architecture of the ordering systems and information sharing between the district and national
level has not changed, other than the method of how this information is being conveyed. How-
ever, for this to be true one would have to replace all the paper-based systems with computerised
ones that covers the same functionality. In other words, there cannot be a paper-based system
and a software running parallel to each other performing the same tasks, as this would then be
more akin to an innovation on the infrastructure, which is further discussed below.

In Uganda there are examples of computerised technology replacing paper-based system,
such as the orders being sent by email instead of by mail or delivered in person. By the definition
of innovation in infrastructures given above coupled with this thesis’s view of architecture the
idea behind both eLMIS and WAOS is an innovation in. However, in their current state they are
more innovation on the infrastructure as they are both running parallel with paper-based order
forms.

Innovation on the infrastructure refers to adding to an existing II with new modules, in
addition to what exists already. Based on this thesis’s view of architecture the addition of new
relations are also innovations on the infrastructure. In one way the interoperability between two
systems can be seen as a bridge between what already exists and something new, and in itself is
a module that adds to what already exists. This type of innovation can be found in both countries
as interoperability between software applications. In Uganda there is one-way interoperability
between MACS WMS and Sage Line 500, and the DSDS portal that receives data from IFS,
DHIS2, and MACS WMS. In Tanzania there are several interoperability projects ongoing such
as between Epicor 9 and eLMIS, and ILS Gateway and eLMIS.

It is recognised that even with this thesis’s view of architecture that even the fully realised
eLMIS, where paper-based systems are no longer in used, is still a new component to the ar-
chitecture that would constitute it only being an innovation on. However, as pointed out earlier
the long-term vision for eLMIS and the fact that it has replaced paper-based orders from district



6.2. INNOVATIONS AND EVOLUTION IN LMIS’S 59

level to the national level also makes eLMIS an innovation of and in the LMIS. This highlights
the intertwined nature of these innovations and how it’s not always cut and dry to categorise
them.

The complexity of this is further illustrated by how one innovation can be intended as one
type, but until fully realised is another type. eLMIS is again a good example of this where
the logistics data warehouse vision to replace paper-based orders from the facility level to the
national level is an innovation in the infrastructure, but as it stands now it is more an innovation
on. Taking inspiration from Rolland (2014) where he states that one needs to have a temporal
perspective when one judges the success or failure of an II, this could be adapted to say that a
temporal perspective is also necessary when looking at innovations within an II. A more detailed
view of how the different types of innovation manifests themselves in the two countries LMIS’s
is detailed below in Table 6.2.

Type of innovation Uganda Tanzania
Of • WAOS (integrating frag-

mented ART supply chain
and introducing IT)
• DSDS (logistics data ware-
house)
• IFS (one software replac-
ing many fragmented soft-
ware)

• From indent system to ILS
• eLMIS (logistics data

warehouse)
• VIMS (one software re-

placing many fragmented
software)

In • Email instead of mail
• WAOS (vision of replacing
paper-based orders for ART
commodities)

• eLMIS (vision of replacing
paper-based orders for essen-
tial commodities)

On • Interoperability of MACS
WMS and Sage Line 500
• Interoperability between
IFS and DSDS
• Interoperability between
MACS WMS and DSDS
• Interoperability between
DHIS2 and DSDS
• WAOS (current state)

• Interoperability of Epicor
9 and eLMIS
• Interoperability between

mSupply and eLMIS
• Interoperability of ILS

Gateway and ILS
• eLMIS (current state)
• ILS Gateway
• Interoperability between

eLMIS and Epicor 9
• Interoperability between

DHIS2 and eLMIS (DHIS2
logistics dashboard)VIMS
(under development)
• Interoperability between

ILS Gateway and eLMIS
(under development)

Table 6.2: Innovations of, in, and on the LMIS’s in Uganda and Tanzania



60 CHAPTER 6. DISCUSSION

From the table one can see that there is less evidence of innovation in the LMIS’s than of
and on. This could be due to innovations of the LMIS usually being larger and carries with them
implications of both technical architecture and organisational architecture. Further innovations
on are a natural part of achieving an integrated Health Information System (HIS), which is a
major focus for Tanzania through the Tanzania Health Enterprise Architecture (THEA). While
innovations in the LMIS needs a completed base to build upon, which is not there until the
WAOS and eLMIS are completed.

The process surrounding installed base cultivation and II innovations in Uganda and Tan-
zania seem to be similar to one another. There have been larger organisational changes and
standardisation of the supply chain to build a stable base to evolve from. It seems that Tanzania
has come a bit further in the process of evolving their installed base and innovating upon it with
digital solutions. However, this can be attributed to the fact that Tanzania has computerised
their essential commodity supply chain, while Uganda has computerised their HIV/AIDS com-
modity supply chain. This means that in Tanzania more actors, such as health programs are
involved in the computerised LMIS than in Uganda. However, Uganda has already established
their logistics data warehouse, while Tanzania has not. There is also a difference in how they
have approached the innovations. While in Tanzania the envisioned logistics data warehouse
also acts as the ordering system, in Uganda the logistics data warehouse, DSDS, is only receiv-
ing information from other sources. These are minor differences that come down to tailoring
the solutions to fit the country’s specific needs.

6.2.3 Mechanisms for evolution
The section above details how an II can evolve through technological changes to the II. This
section looks at how IIs can evolve through attracting new users and expanding it’s reach, in
addition to how the IIs flexibility spawns innovations.

The adoption mechanism refers to "a self-reinforcing process by which more users adopt the
infrastructure as more resources invested increase the usefulness of the infrastructure." (Hanseth
and Bygstad, 2012, p. 13). This mechanism is similar to the second phase of installed base cul-
tivation where the users are not adopting the infrastructure due to their want to do so, but adopt
it because it is part of their job to use solutions within it. In a way, they are being "forced" to
use it. The usefulness of the infrastructure has been identified by people higher in the hierarchy
of the health sector and has decided that it should be implemented and used in this particular
way. While this mechanism might seem redundant in this context the data from Uganda showed
one example of what can be described reverse-adoption. A hospital stopped using the WAOS,
due to not receiving proper feedback from the system when submitting orders. Therefore they
reverted back to sending paper orders to the district office. While the infrastructure didn’t lose
any users per se, an innovation to the infrastructure lost users, as they did not adopt the new
way of ordering.

The scaling mechanism refers to "A self-reinforcing process by which an infrastructure ex-
pands its reach as it attracts new patterns by offers incentives for collaboration." (ibid. p 13).
Henfridsson and Bygstad acknowledge that this and the adoption mechanism are closely re-
lated and are interdependent. While the data does not show any new actors being attracted to
the LMIS, it does show evidence of actors who have previously had an indirect connection to
the LMIS now having a direct connection. One example of this in Tanzania is the logistics
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dashboard in DHIS2. While annual comparisons of HMIS and LMIS did take place during
forecasting, this took place outside of both software, in other words, there was an indirect con-
nection. With the implementation of the dashboard where consumption data from eLMIS could
be compared with reported cases in DHIS2 this now led to a direct connection. The incentive to
collaborate in this case was mainly due to organisational reasons, such as more routinely analy-
sis of data to detect disease trends etc, but the implementation of eLMIS made this possible and
was in itself an incentive to collaborate. This can also be seen in Uganda with the DSDS where
previously unconnected software where now being connected through the DSDS. While this did
not involve any new actors either it connected previously unconnected actors together. What is
interesting to note is that new actors will not necessarily be attracted to the infrastructure due to
its functionality or collaboration incentives, but are entering the infrastructure with the intent of
helping the health situation in the country.

The innovation mechanism refers to "A self-reinforcing process by which new products and
services are created as infrastructure malleability spawns a recombination of resources." (ibid.
p 13). In Tanzania the ILS brought with it changes to the fragmented supply chain which meant
that eLMIS could be made possible. The implementation of eLMIS, as well as other software
used in the medical commodity supply chain, was made possible by the Tanzania Health Enter-
prise Architecture (THEA). While there is no data found detailing the technical specifications
of the THEA, one can infer from the name and the strategic principles of the THEA pertaining
to, the focus on converging to fewer information systems used, standardisation, collaboration
with actors other than the MoHCDGEC, and incremental implementation of software that it is
envisioned as an open architecture with an eye to the future in regards to interoperability.

In Uganda, there is evidence of the innovation mechanism in the development of the WAOS
and the DSDS. WAOS is particularly interesting in this respect as it uses DHIS2 as it’s platform.
This was done due to Uganda’s choice of using DHIS2 as their HMIS. Therefore the innovation
of the LMIS infrastructure came as a result of a change in the HMIS infrastructure. DHIS2’
HMIS implementation served as the installed base for WAOS even though it was not yet de-
ployed when this decision was made.

From Henfridsson and Bygstad’s findings cases that exhibit all three mechanisms have
loosely coupled architectures and is managed with decentralised control. Neither of the eHealth
strategies for the Uganda or Tanzania have any technical specifications that speak to the loose-
ness of the architecture. However, as mentioned above the strategic principles of the THEA
means one can infer that is intended to be an open architecture. Uganda’ eHealth strategy also
talks about sharing of data and openness, but Uganda has not come as far in their implementation
process as Tanzania. The method of control over these architectures is not known. However,
one can assume that the MoH and MoHCDGEC do have a majority say in what should be im-
plemented. With a temporal perspective influenced by Rolland (2014) one can say at this point
in time these LMIS’s are currently a success.

This section shows how what different processes have taken place in the evolution of the
LMIS’s and how this has changed the architecture of the LMIS’s. The next section takes a
closer look at the architecture of these LMIS’s while trying to see if patterns emerge between
the two.
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6.3 Standards and architecture in the LMIS’s
Standards and architecture plays a big role in how an II evolves (Grisot and Thorseng, 2014;
Hanseth and Lyytinen, 2010; Henfridsson and Bygstad, 2013; Henningsson et al., 2013). The
previous sections have established how the LMIS’s in Uganda and Tanzania have evolved. This
section takes a closer look at how standards and architecture have affected the evolution.

6.3.1 Standards
Standards can be either technical or non-technical. Non-technical standards are often used as
the groundwork for building technical standards as they can dictate how information should be
collected, stored, shared etc.

No data on the technical standards for the LMIS’s were found for either country. However,
both countries eHealth strategy documents mention eHealth standards as something that needs
to be developed for their health system in general, while not specifically mentioning LMIS. This
is mentioned to further interoperability and integration of software, which are mentioned as key
points in both eHealth strategies. Here Tanzania’s document specifically mention eLMIS and
how it will be integrated "with existing ERP, WMS, eHealth, and HMIS systems" (Tanzania
Ministry of Health and Social Welfare, 2013, p. 22).

Standards can also be non-technical. The non-technical standards have laid the foundation
for how the architecture of the LMIS’s look today. In Tanzania, the ILS brought with it inte-
gration of fragmented supply chains for essential commodities, as well as standards related to
the collection of LMIS data. In Uganda, the WAOS brought with it similar changes through
integration of the fragmented HIV/AIDS supply chains.

Through restructuring of parts of the supply chains, both countries show evidence of non-
technical standards having laid the foundation for how the supply chains and LMIS’s work
today.

As mentioned previously this thesis sees architecture as how information systems operate in
their real life scenarios (Bergum et al., 2017). How different components work together, either
complementing each other or overlapping in terms of functionality.

6.3.2 Organisational mirroring
Grisot, Hanseth and Thorseng (2014) states that the architecture of an II "should mirror the
structure of the organization developing the solution" (Grisot and Thorseng, 2014, p .18). They
further elaborate by giving an example of how an organisation working independently should
have an architecture of their IT Solution that is independent and not reliable on other IT solu-
tions.

As established in chapter 4 an LMIS is part of the supply chain. The LMIS involves all
levels of the health system and a diverse set of actors. Each level of the health system have
their own goals and priorities, but they are all dependent on the medical commodities to arrive
at the service delivery point. This dependency is mirrored in both countries where the orders
run from the facility level to the district level, either electronically of via paper-based forms.
Information pertaining to the different goals and priorities of the different levels are not relevant
for the LMIS ordering process and is therefore captured in software and technology outside of
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the LMIS. However, there are certain elements of the LMIS that are not naturally handled by the
LMIS and rely on outside infrastructures. For example, in Tanzania eLMIS does not display the
budget of the facilities, as this is needed by the district workers this is sent by MSD by email.

6.3.3 Control points
Control points are often established as a solution to the paradox of control, which refers to how
different actors have different ways of governing and tackling change (Tilson and Sørensen,
2010). These can be of either a technical or non-technical nature.

There is no direct evidence to support the notion of control points having been established
in the LMIS’s in either country, however in software supporting other processes of the supply
chain one could argue that control points exist to some degree. Proprietary software such as
Sage Line 500, MACS WMS, IFS, and Epicor 9 could be seen as unintentional control points
that have been established. This type of software has been purchased by the national levels to
cover a vast majority of their needs in one software. For an integrated LMIS and supply chain
there is a need to connect the LMIS and supply chain software through interoperability. As
all the software in the LMIS’s is open source there could be issues when trying to interoperate
a proprietary software with an open source software. While the data show no evidence of
any issues it is noteworthy to mention that proprietary software can often be harder to make
interoperable with other systems as they might not easily be changed if the required standards
are not already supported.

Before the integration of the supply chains control points had been established in the LMIS’s
similarly to what has been found when researching the HMIS situation in developing countries
(Braa et al., 2007). In an effort to improve the supply chain donors had implemented their own
methods for collecting data in different health program which was not only used by the MoH,
but also by the donors themselves to monitor progress. These methods for collecting data were
control points as they were implemented because existing practices were not sufficient to meet
the donor’s needs. When integration of the supply chains and collection methods happened the
donors "gave up" their points of control, due to their needs now being met by the new integrated
supply chain.

6.4 Architectural patterns
As previously discussed in Section 6.1 only a handful of systems were found that could be
described as LMIS’s. Most of the software and systems discovered were supporting other func-
tions of the supply chain and were interconnected to the LMIS by sharing some data. This
section will try to categorise each of these software and systems to understand what type of
systems are supporting the LMIS. This will lead to a discussion of architectural patterns that
emerge between the two countries LMIS’s.

1. The first category is labelled as LMIS, which can be defined as "a system of records
and reports on routine administration, dispensing, consumption, and loss and adjustments
data, to support forecasting and distribution of health commodities from central national
storage to point of health service delivery" (Bergum et al., 2017, p. 4). This means that
an LMIS will primarily handle data related to the distribution of commodities.
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2. The second category is labelled as HMIS, which is a system that is used primarily for
collecting, storing, and analysing data related to health services. HMIS is a well-known
term, of which there has been conducted extensive research on by researchers such as
Braa and Sahay (2012) among others.

3. The third category is labelled as WMS, which is a system that supports management
and control of products within a warehouse, as well as "warehouse processes such as
receiving and storage, order processing picking and packing, and shipping products out of
the warehouse." (USAID, 2012, p. 4). In both countries, software is used that is described
as ERP’s with modules for warehouse management, finances and the like. Based on this a
distinction has not been made between ERP’s and WMS, as they are used as WMS, while
also supporting other processes.

4. The fourth category is labelled as an Inventory Management System (IMS), which is a
system similar to a WMS, only it is used locally at facility storages and does not record
data on order processing, picking, packing, or shipping of products. The latter could be
argued as an IMS would record the "shipping" of a product when it is given to a patient.

5. The fifth category labelled as clinical systems, these contain data pertaining to the health
status or treatment of a patient. Clinical systems can also contain data related to inventory
and function as an IMS, thus differentiating the two can sometimes be difficult. Evidence
found in this research suggests that blended systems such as this usually have one main
functionality, and the other functionality serves as a secondary addition to the system. In
this case, the main functionality is related to clinical processes.

6. The sixth and final category is labelled as other systems. These are systems that do not fit
any of the categories above but do have relevance to the supply chain in different ways.

The two figures presented below, Figure 6.1 and Figure 6.2 were based on the findings
presented in Chapter 5. These are non-exhaustive illustrations of the LMIS in these countries,
as other systems may exist that were not encountered during the field trip. The zonal/regional
level is not included in these figures as there was found no systems or software used by only
the zonal/regional level. The national level and zonal/regional level are similar to each other
and have therefore been merged into the national level. The different technologies, systems
and software have been categorised into six categories presented above. These categories are
not clear cut from each other, as there is some overlap between them and certain software
fits into more than one category, this is discussed below. The arrows in the figures represent
interoperability and point in the direction of where data is being sent.

Figure 6.1 shows two LMIS identified, one computer-based and one paper-based. Both
systems gather information on commodities used, losses and adjustments, and commodities
needed. DHIS2 and DSDS are categorised as HMIS’ss. This is due to DHIS2’s use for collect-
ing, analysing and presenting aggregated health data. Not much is known about the functional-
ity of DSDS, apart from that it is intended to aid the medicine management supervisors when
inspecting stock management at facilities. This seems to fit the description of an HMIS as data
is being stored and used for analysis. Only one pure WMS was identified, but as mentioned in
the description for the WMS the ERP solutions used have modules related to warehouse man-
agement. There are a total of two IMS, where one is computer-based and one is papers based.
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Figure 6.1: Categorisation of technology and software found in Uganda

These systems both contain data related to stock levels, as well as consumption etc and, are
used within the facility to manage inventory. WhatsApp is categorised as ’other systems’ due
to it being a communication platform used between facilities to re-distribute commodities.

Figure 6.2: Categorisation of technology and software found in Tanzania

Figure 6.2 shows four different types of systems being identified as LMIS’s. R&R forms and
eLMIS record information regarding commodities used, losses and adjustments, and commodi-
ties needed. R&R forms and eLMIS is placed within the same box as eLMIS is an electronic
version of the R&R forms. SMT also does this for cold chain but does not record information on
commodities needed, as this is calculated by SMT based on consumption or target population.
The R&R form box for hospitals is there as data showed that hospitals close to MSD’s ware-
houses delivered their R&R forms in paper form directly to MSD. ILS Gateway is also listed
as an LMIS, however, this is not a comprehensive LMIS, as reporting is only done on stock on
hand, and losses and adjustments. Yet, as it does not have any functionality that would place it
in any of the other categories it has been categorised as an LMIS. Two HMIS’s were identified,
DHIS2 and DVDMT. The latter was described as DHIS2 only used for vaccines. Epicor 9 and
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mSupply were both described as ERP’s by informants during the field trip, but as they both
have modules and is used for warehouse management they are categorised as WMS’s. Only one
IMS was discovered at the facility level. However, CTC2, categorised as a clinical system, also
contains data related to stock management at the facility level, even though it is primarily used
a clinical system. Two systems were identified as ’other systems’, WhatsApp and CCIT. The
latter was placed in this category due to it only serving as a monitor for cold chain equipment.

The figures show similarities between the two countries such as the LMIS consisting of
paper-based systems in addition to computerised systems that supports the distribution of com-
modities from the national level to the facility level. The facility and national level also have
systems and software in place to tend to their specific goals, these systems are interconnected to
the LMIS’s, in the sense that the data they produce is used in the LMIS and that data from the
LMIS is used in them. Both countries use DHIS2 as their HMIS and collect some logistics data
in their HMIS’s, however, this is only used for general management and not logistics manage-
ment, further the collection of these data are not related to the process of ordering commodities.
There is also a difference between the countries in what is collected. In Tanzania, they only
collect data on stock outs, while in Uganda they collect consumption and stock data on a few
tracer commodities. At the national level in both countries there exists WMS’s. Again, there
are differences in how this has been implemented. In Uganda, the ERP and WMS are sepa-
rate to each other and interoperable, while in Tanzania there exists one WMS used at Zanzibar
and one software that combines both WMS functions and ERP functions used on the Tanzania
mainland. There are also informal systems in place in both countries such as WhatsApp that
is used for commodity redistribution. In Tanzania, WhatsApp is used between the facility and
district level, while in Uganda it was only observed used for communication between the facil-
ities themselves. This is due to the district pharmacist having the responsibility to redistribute
commodities in Tanzania, while that responsibility falls on the facilities themselves in Uganda.

Comparing the figures further reveals several differences between the two countries as well,
such as how Tanzania has a software at the facility level that combines clinical functionality
with inventory management functionality. From what was observed there only exists stand-
alone IMS software at the facility in Tanzania. Tanzania also shows evidence of having software
to complement their LMIS. This software is ILS Gateway in which facilities reports monthly
on stock on hand, and losses and adjustments, and is meant as a tool used to validate data in
eLMIS. Further, there is the development of the logistics dashboard in DHIS2 in which HMIS
and LMIS data can be compared. In Uganda, their logistics data warehouse, DSDS, is up and
running where it receives data from IFS, Sage Line 500 and DHIS2. In Tanzania, the logistics
data warehouse software has been deployed as the eLMIS but is not yet functional as a data
warehouse. Currently, eLMIS is only sending data to DHIS2, Epicor 9, and mSupply, while not
receiving any.

Referring to what was discussed in Section 6.2 there are patterns emerging in the way the
supply chains and LMIS’s have evolved and been innovated upon. The most obvious pattern is
that overall in the supply chain there is an effort to replace the established paper-based solutions
with digital ones. There is also a pattern of digital and paper-based solutions running parallel to
each other, with more use of paper-based systems at the lower levels of the supply chain. This
is especially evident when looking at the LMIS’s in both countries.

Further patterns in regards to innovation can be found when looking at integration initiatives.
Both countries have had organisational integrations that have lead to changes in the supply chain
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which have made the digital solution used today possible. The current development of VIMS
where it is set to replace CCIT, DVDMT, and SMT in the immunisation supply chain can also
be seen as an organisational integration since three different software covering different parts of
the supply chain and supporting processes of the supply chain is being unified in one software.
In other words, there is a streamlining of the immunisation supply chain. The integration of
digital solutions is a continuous and gradual process. While there is a pattern of interoperability
being present in both countries the implementation of the interoperability is different between
the two countries. In Tanzania, there seems to be a bigger focus on integrating the ordering
process from facility to national level. There is, therefore, a focus on sending data from eLMIS
to the software used at the national level to avoid manual data transfer. The interoperability
efforts that takes place around eLMIS is a part of JSI’s framework for supply chains, where first
basic logistics functions must be in place before an integrated supply chain can emerge. This
further explains why the figures show software that is yet to be two-way interoperable, as they
first focus on establishing basic logistics functions and replacing paper with computers. How-
ever, there is also interoperability between eLMIS and DHIS2 and a planned interoperability of
eLMIS and ILS Gateway, which indicates that there is also a desire to integrate the information
in the supply chain. This is what seems to be the focus in Uganda where there has been estab-
lished interoperability between DSDS and the software used in the supply chain at the national
level, along with DHIS2.

In recent years there has been a push to integrate within organisations and through software
in the two countries, which has now resulted in the integration of the LMIS’s. In Tanzania’
eHealth strategy document, the phrase integrated national HIS is frequently mentioned. As
the decision to integrate software within the supply chain and integrate with software compli-
mentary to the supply chain has been made it is important to exercise caution as to how this
integration is being done. The reasoning for this is that decisions being made now might have
large effects on the future of the supply chains. This is known as path dependence (Hanseth,
2000). This is not necessarily a negative thing as path dependence is also desired to give conti-
nuity in organisational life (Matavire et al., 2013). An example of a negative effect would be to
include more software than needed and create a paradox of change where the great amount of
software included would hinder the IIs flexibility to grow (Tilson and Sørensen, 2010). As there
are different needs and requirements for the different levels of the health system the integration
efforts should be driven by informational needs (Bergum et al., 2017). As there is not enough
sufficient data to properly understand how the DSDS in Uganda is used, this is most evident in
Tanzania, where integration processes are driven by the need to replace manual transfer of data
between systems. This approach also supports the idea that an IIs architecture should be flexible
and able to adapt to new users and requirements (Hanseth and Bygstad, 2012; Matavire et al.,
2013). Further, the data warehouse approach described by Braa and Sahay (2012) for HMIS
integration is also being used in the integration efforts of the supply chain. This approach en-
sures that data is being stored in one place for ease of access, while also simplifying integration
efforts.

The discussion above has detailed differences and similarities between the supply chains
in Uganda and Tanzania. The answer to the research question of this thesis: "which architec-
tural patterns emerge from examining the medical commodity supply chains in Tanzania and
Uganda?" can be found below in the form of five different patterns.
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• Pattern one: The first is a pattern of mixed technologies being used in the supply chains
where paper and digital process oriented systems exists that focus on the reporting and
ordering of commodities that spans the levels of the health system. At the facility level in
both countries, there is not yet a widespread use of digital technology used for reporting
and ordering commodities. While both eLMIS and WAOS has been designed to be used
at the facility level, they are still not fully implemented as such. The reason for this is a
lack of proper infrastructure to facilitate the widespread use of digital technology at the
facility level.

• Pattern two: The second pattern is that of the distribution of different categories of
systems across the health hierarchy. At the national level large proprietary WMS solu-
tions were being used, while the lower levels had smaller systems in place that supported
supply chain data, and processes related to health service delivery. In both countries, the
national level has ERP solutions functioning as WMS’s that have a variety of modules
covering a wide array of activities, such as financing and procurement. The lower levels
have smaller systems such as IMS’s, involving books, forms, sheets, software that sup-
ported the ordering and reporting processes, but also systems that are directly related to
health care processes. In between the level LMIS is used for reporting on and ordering
commodities, and HMIS is used for general health management.

• Pattern three: The third pattern is one of ongoing technical integration in the supply
chain. There is a difference in how the integration has taken place between the two
countries. In Uganda this has been started through interoperability between their MACS
WMS solution and their ERP, Sage Line 500, but also through interoperability between
DSDS and IFS, DHIS, and Sage Line 500. In Tanzania, this integration has started with
eLMIS being made interoperable with Epicor 9, mSupply, and DHIS2. There are also
plans to implement an interface between ILS Gateway and eLMIS. Furthermore, in the
ongoing development of the Vaccine Information Management Systems (VIMS) there are
plans for VIMS to share data with DHIS2 and Epicor 9. Both countries have also chosen
to create logistics data warehouses in DSDS and eLMIS.

• Pattern four: The fourth pattern is one of past and ongoing organisational integration
where the supply chains have undergone organisational changes which have reduced du-
plicate reporting of data in the supply chain. In Tanzania, the focus was on integrating the
supply chains for essential commodities. First through the indent system, which included
70 essential commodities, excluding programs for family planning, sexually transmitted
infections, HIV, and malaria. and established individual credit accounts for facilities at
MSD. ILS expanded the indent system to include all vertical programs, excluding pro-
grams for tuberculosis, leprosy and immunisation. In addition, ILS brought with it a new
set of forms for reporting and ordering commodities, as well as unifying data standards
throughout the supply chain. Ongoing integration can be found in the development of
VIMS where three different software are to be replaced with one with the same function-
ality of the three and changes being made to the order forms for vaccines, as they add
new fields for the sex of the patient, and whether or not they are inside or outside the
catchment area. In Uganda, the focus was on the fragmented HIV/AIDS supply chains.
Through the development of the WAOS, based on DHIS2, several forms for different
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commodities related to HIV/AIDS were unified in one form, there was a change from
ordering by number of tablets to ordering by packs, and there was an addition of a new
data element in the reporting form for number of patients per regimen.

• Pattern five: The fifth and final pattern is one of informal systems being used for com-
munication in the supply chain. Shadow-IT is being used both at the facility and district
level to facilitate the redistribution of commodities. In both countries this informal system
was WhatsApp.
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Chapter 7

Conclusion

LMIS is a term that is broadly used to represent systems that contain information to support the
supply chain. This is not the case, in fact, an LMIS is a narrow system only pertaining to the
reporting and ordering part of a supply chain, while the rest of the supply chain is supported
by different types of software, such as WMS’s. However, there could be a need to make the
LMIS interoperable with software supporting other processes in the supply chain as this creates
a more seamless supply chain. If this is the case, the interoperability efforts should be driven
by the need to share information.

There is a need for an integrated supply chain and organisational standards to be in place to
effectively replace paper-based systems with digital ones, as this ensures that the implementa-
tion is a focused effort. Further, a rip and replace approach will likely not succeed as the lower
levels of the supply chain often have a lack of infrastructure to support digital systems. Further
the architecture of the supply chain should be open and allow for the dynamic evolution of the
supply chain where software.

In regards to the research question of "which architectural patterns emerge from examining
the medical commodity supply chains in Tanzania and Uganda?", a total of five patterns were
found:

1. A mix of technologies is being used in the supply chains where paper and digital process
oriented systems exist that focus on the reporting and ordering of commodities that spans
the levels of the health system.

2. There is a distribution of different categories of systems across the health hierarchy. These
are WMS at the national level, IMS and clinical systems at the facility level, LMIS and
HMIS running between the levels, and lastly informal systems for facility redistribution
of commodities.

3. There is ongoing technical integration present in the supply chains. This is primarily
found between the LMIS, WMS, and HMIS at the higher levels of the health system.

4. There has been and there is ongoing organisational integration of the supply chains, where
they have undergone organisational changes that have reduced duplicate reporting of data.

5. There is usage of informal systems to communicate in the supply chain. This is mostly
being used for commodity redistribution at the facility and district level.

71
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Figure 7.1 illustrates pattern one, two, three, and five. Pattern four is inherent in the integra-
tion of various supply chains into one or a few LMIS or WMS, as opposed to an earlier situation
of there being many of these.

Figure 7.1: Patterns related to technology found in the medical commodity supply chains in
Uganda and Tanzania

The four architectural patterns identified in this thesis cover both the technical and the or-
ganisational elements of the supply chain. These patterns indicate how the supply chains in
Uganda and Tanzania are using new digital technology that has yet to be implemented to its full
potential. Furthermore, they show how the different needs on the different levels of the supply
chain are being met with different solutions that are vastly different to each other. Where needs
are not being met, there is evidence of ad-hoc solutions being used.

7.1 Future work
Applying the five architectural patterns identified to other developing countries would indicate if
the patterns are generalisable to other developing countries. Furthermore, it would be interesting
to conduct the same research in a few years when much of the planned integration efforts have
come further along and infrastructure has possibly improved on the facility level.

Research should also be done taking a more thorough look at the ongoing integration efforts
in these two supply chains. This should be done to study the effects that these efforts have on
the supply chain as a whole. This should focus on what makes the supply chain more effective,
and if there are any integration efforts that should be avoided.
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Abstract. Uninterrupted supply of health commodities is a prerequisite for a 

well-functioning healthcare system. Establishing and maintaining effective sup-

ply chains is at the same time challenging in developing countries. A key part of 

this chain and the focus of this paper are the information systems supporting the 

communication and distribution of commodities between national warehouses 

and health facilities. Such systems supporting storage, transportation, wastage 

reduction, forecasting, planning and avoiding commodity stock-outs are invari-

ably called Logistics Management Information Systems (LMIS). However, the 

blurred boundaries between the various parts of the supply chain and the nu-

merous information systems involved is reflected in the lack of a clear defini-

tion of LMIS. The main aim of this paper is to provide a better understanding of 

what an LMIS is, and how it interacts with other information systems. By pre-

senting two case studies, from Tanzania and Uganda, we show that the land-

scape of LMIS consists of a patchwork of information systems, which often 

have tighter coupling with systems of other domains (such as patient manage-

ment) than with the supply chain. This leads us to ask the following research 

question; what are appropriate information systems architectures for LMIS? 

Our response, main argument and contribution is that the nature of these supply 

chains favours the emergence of several independent information systems. This 

is particularly due to the variation in resources and capacities on the different 

levels of the health system and thus the supply chain. Interoperability between 

the different levels and other related information systems should then be con-

sidered, necessitating a scrutinous evaluation of what data needs to be shared 

with whom. 

Keywords: Logistics Management Information Systems, LMIS, Tanzania, 

Uganda 

1 Introduction 

To provide effective public health services, the right health commodities, such as 

medicines and equipment, must get to the right people at the right time [24]. To man-

age the distribution of commodities, relevant information is needed at all steps of the 

supply chain – from the point-of-origin to the point-of-consumption. Who needs how 

much of a certain commodity? Where can it be found, and at what price? How can we 



get it to where it is needed? In addition to the direct need of logistics information for 

supply chain management, commodity data and indicators are also important for the 

routine monitoring and evaluation of health services in general. Are our immunization 

rates influenced by stock-outs? Do the facilities have the right staff to administer 

these commodities? Information systems are clearly essential for the proper manage-

ment of the supply chain and the evaluation of it in the health sector.  

Despite the apparent need for well-functioning information systems to support the 

supply chain across the different levels of the health system, such systems continue to 

be challenged [13, 17], including weak sharing of data amongst stakeholders, frag-

mentation of logistics data, a plethora of paper and electronic forms used in different 

locations, incomplete data on dispensing to patients and competing software for sup-

ply chain at the various levels [9, 10]. There have been many initiatives to improve 

supply chains and corresponding information systems in developing countries, but 

they have been limited in scope and do only in a limited way address the linkages to 

other relevant information systems [17]. A broader approach seems necessary. At the 

same time, a good understanding of the various parts of the supply chain information 

systems in developing countries is absent from the existing literature. The internation-

al organizations supporting many developing countries in this regard tend to focus 

only on limited parts of the system, and their definitions of such systems vary. 

The health commodity supply chain is a multi-level system, that include producers 

of commodities at the global level; procurement, finance, and quality assurance 

mechanisms between national ministries and the producers; warehouses and distribu-

tion mechanisms in-country; and finally mechanisms around dispensing commodities 

to relevant beneficiaries, such as patients requiring medicines. The information need-

ed for each of these tasks vary in their level of detail, and should also support the 

correct forecasting and replenishment of commodities. Given the above, it is not sur-

prising that a range of different information systems are in use within a single country 

[10]. But questions remain related to the architecture these systems form and how 

they are integrated (or not) and interoperate (or not). 

To get a better understanding of information systems for health commodity supply 

management, we take as a point of departure several international efforts to strengthen 

supply chains in developing countries. Examining their use of LMIS, we see that this 

can be understood as one out of many information systems involved in the supply 

chain. One of the aims of this paper is thus to explore what an LMIS is, and how it 

interacts or not with other systems. We do this by presenting two cases of LMIS, from 

Uganda and Tanzania. We further discuss and draw lessons learnt related to the in-

formation systems from these cases that can be generally applicable to strengthen 

health commodity supply chains. To guide our research on LMIS, we have sought to 

answer the following research question: What are appropriate information systems 

architectures for public health supply chain management in developing countries? 

While integration is a common prescription for health information systems archi-

tectures [2], we argue for a critical perspective on the needs for integrating logistics 

management information systems across the different levels of the health system and 

with information systems from other domains. By architecture, we mean how various 

information systems work together, offer complementary and/or overlapping func-



tionality and the related structures supporting their integration, interoperability and 

evolution over time. For us, architecture is not “theoretical” drawings or blueprints, 

but the actual and operative information systems on the ground, how they are interre-

lated and how they share functional responsibilities. 

The rest of the paper is organized as follows. First, we look at common understand-

ings of LMIS as a concept to establish an understanding of its scope. Then we present 

the methods applied in our study of LIMS in Tanzania and Uganda, followed by the 

empirical findings. This is followed by a discussion related to the current understand-

ing of LMIS, before we conclude with a more detailed view on LMIS architectures 

and draw lessons learned for their design. 

2 Relevant literature on LMIS 

As countries are making efforts at strengthening their LMIS, they move toward digit-

izing previously paper-based systems. Currently there is not a lot of academic litera-

ture on the subject of LMIS, what little there is does not have an IS focus, but is most-

ly concerned with assessing the supply chain as a whole, challenges in general related 

to supply chains in developing countries [1, 6, 16]. There has also been work done to 

improve the understanding of the different roles within health logistics [15]. Over the 

last decade, some large international organizations have led this work on a normative 

level, spearheaded by inter-agency initiatives such as the USAID sponsored Deliver 

project
1
 and SIAPS program

2
, and the United National Commission on Life Saving 

Commodities
3
. We start by examining these and related organizations’ understanding 

of LMIS, before presenting our own definition of it.   

Despite the frequent references to LMIS among the international organizations, 

which fund and lead supply chain projects in developing countries, a clear definition 

of LMIS is lacking. It is often treated as everything related to information that sup-

ports the supply chain, and also as an off-the-shelf product with seemingly little, if 

any, complexity. Such a broad understanding hides the various aspects of the health 

commodity supply chain and the variety of informational needs and can translate into 

poorly designed information systems. 

The broadness of the existing definition is well illustrated by USAID: “A logistics 

management information system (LMIS) collects, processes, and reports logistics 

data. A well-functioning LMIS provides decision makers throughout a supply chain 

with accurate, timely, and appropriate data” [18]. Given a view of the supply chain as 

everything from raw material supply for medicines, to the individual patients [13], 

this definition includes users at local, national, and international levels. Little differ-

ence is made between the supply chain at large and LMIS, but a narrowing of scope is 

provided by more recent documents from USAID. Defining both supply chain and 

logistics management, they state that “the supply chain includes global manufacturers 

and supply and demand dynamics, but logistics tends to focus more on specific tasks 

                                                           
1 http://deliver.jsi.com 
2 http://siapsprogram.org 
3 http://lifesavingcommodities.org/about/about-the-un-commision 



within a particular program health system” [19]. An LMIS then, supports planning 

and execution of flows and storage of commodities, primarily within the individual 

national health systems, i.e. all that is required to meet patient demand [13]. However, 

it is still broad in that it includes functions like procurement, finances, transportation 

and fleet management. A more narrow understanding is provided by the World Bank, 

who defines LMIS by emphasizing information on stock status and day-to-day man-

agement of commodities and forecasting [23]. In the latter, LMIS is seen as a more 

restricted system. Stock-out data and forecasts, outputs of the LMIS, are seen as in-

forming procurement which will take place through other mechanisms and systems. 

The different definitions open up for seeing the supply chain as being supported by 

a diverse set of information systems, of which the LMIS is only one. One distinction 

can be made between the LMIS and Warehouse Management Systems (WMS). A 

WMS is used to manage the flow of materials into, through, and out of storage facili-

ties by processing the transactions associated with each movement, from receiving 

and put-away to picking, packing, and shipping [14]. Yet another, newer, USAID 

document engage in breaking up the domain further, where the supply chain is sup-

ported by warehouse systems and billing and accounting systems, in addition to the 

LMIS [20]. 

Based on our empirical work and these definitions, we argue for the following clar-

ifications of the LMIS concept. First, we suggest defining LMIS as a system of rec-

ords and reports on routine administration, dispensing, consumption, and loss and 

adjustments data, to support forecasting and distribution of health commodities from 

central national storage to point of health service delivery. Second, we argue for un-

derstanding LMIS as one of several information systems that supports the supply 

chain at large, where the different systems provide specialized functionality yet are 

linked together by sharing key data related to the overall supply chain. The second 

point is thus related directly to our research question. Given that LMIS potentially 

interacts with a range of other supply chain information systems, what is its functional 

role in relation to them? We now turn to relevant literature on health information 

systems architectures.  

We define information systems architectures as the roles of system components 

and the relationships between them. Our focus is not on the individual software appli-

cations’ inner workings, but how different constellations of information systems offer 

different functionality and interact with each other. Related to health supply chains, 

the architecture is composed of multiple information systems, such as LMIS, WMS, 

billing and accounting systems, etc.  

Based on an understanding of information systems as open-ended and shared 

among a multitude of different actors, as articulated by research on information infra-

structures [5], it follows that information system architectures are not centrally de-

signed and controlled. Instead they tend to evolve, blurring the justification of how 

certain architecture emerged [3]. This evolutionary view downplays the role any actor 

has to impose architectural principles like service-orientation and modularity [4] that 

aim to add coherence throughout all parts of the information systems. As a result, 

national health information systems in developing countries seldom experience high 

degrees of reusability and interoperability [8].  



Nielsen and Sæbø [11] examine architectures from a functional perspective, and 

note that in situations where functional needs are unmet, it is not uncommon for exist-

ing software to expand to meet these needs. In more limited markets, such as develop-

ing countries’ public sector, the different components of the overall architecture can 

thus cover more ground than if there were many alternatives to choose from. Touch-

ing specifically on LMIS, they show how related health information systems expand 

to cover some aspects of the LMIS when there is no other viable solution in place. 

3 Methods 

The data presented in this paper is based on an interpretive case study [22] of the 

health sector supply chain information systems in Uganda and Tanzania. The primary 

data collection was conducted during a joint visit to both countries over the period of 

a month in January 2016. Secondary data collection was based on discussions with 

other participants in a larger research project on LMIS, as well as a document review 

of relevant international organizations who support developing countries with health 

system strengthening. An initial document search was carried out to identify those 

who either define or discuss logistics management information systems (LMIS) or 

supply chain information systems. We looked at documents from large international 

agencies such as World Health Organization (WHO) and UNICEF, relevant interna-

tional projects they are part of, and technical partners of said organizations. 

This fieldwork consisted of visits by the authors to different levels of the medical 

supply chain in the two countries. Data was collected through interviews and observa-

tions, with the aim of understanding the flow of information and commodities, and 

supporting technologies and information systems, summarized in Table 1. 
Place Primary data collection Secondary data collection 

Uganda Interviewed two pharmacy clerks and 

the head of pharmacy at hospital 

Report from interviews of three 

logistics managers, a warehouse 

manager, a warehouse officer, a 

doctor and a hospital manager. 

Tanzania Report from interviews of three 

logistics managers, a warehouse 

manager, a warehouse officer, a 

doctor and a hospital manager. 

Report from other researchers 

spending two months in Tanzania 

examining various aspects of the 

health supply chain. 

International 

organisation 

documents 

Reviewed 13 documents on supply 

chain information systems (exam-

ples: JSI, UNCoLSC, VillageReach) 

 

Table 1. Data collection 

Data analysis was carried out jointly by the authors. For Uganda and Tanzania, the 

focus was on identifying software or paper systems used in the supply chain, what 

functionality the software had, how it was used, and what data the different systems 

contained. This was done by drawing illustrations, or “maps” of the health sector, 

where the scope and scale of the systems were outlined, as well as their integration or 

not. The document analysis focused on identifying definitions of LMIS, and second-



ary on related concepts such as supply chain, supply chain information system, ware-

house information system, etc. These definitions were then compared, and similarities 

and differences outlined. Lastly, these definitions were compared with the functional 

“maps” from Tanzania and Uganda. 

4 Cases - Tanzania and Uganda  

In Tanzania, most health facilities report on consumption and order new commodi-

ties through paper forms (Report and Requisition, R&R), brought to district offices 

where this information is entered in an online system, eLMIS. In the capital some 

health facilities can enter their R&R reports directly into eLMIS, due to the more 

widespread availability of computers and Internet connection. The system handles the 

flow of this information between districts, regional and national warehouses. At the 

warehouses, a proprietary Electronic Resource Planning (ERP) system, Epicor9, is 

supporting their needs of warehouse management, distribution planning, and finances. 

There was at the time of research a partial integration between eLMIS and Epicor9, 

where eLMIS send data to Epicor9, but not the other way around. 

eLMIS is used by the district pharmacist, who enters orders from the paper forms 

into eLMIS. This R&R contains each commodity’s starting balance, commodities 

received, loss/adjustments and a closing balance, as well as orders for replenishment 

of stocks. The district pharmacist can call the reporting facility to confirm the data, 

and can make adjustments in cases where errors are detected. The district pharmacist 

also adjusts orders based on the facilities budget. The costs of the commodities appear 

in eLMIS, but the facility budget does not. The district pharmacist therefore receives 

the budgets for each facility, printed from Epicor9, from the higher levels. When an 

adjustment is made, the facilities are not notified.  

There are in addition a multitude of other systems at the lower levels which also 

engage with logistics data. One such system is the ILS Gateway, a mobile reporting 

system used to report stock on hand and adjustments by facilities on a limited set of 

tracer commodities. It also sends SMS reminders to the facilities to submit reports and 

notifies them of upcoming supervision visits. The data collected via the ILS Gateway 

can be accessed in a website by the district pharmacist. Some reporting is done by 

sending SMS with mobile phones. Other logistics data is generated by electronic pa-

tient systems, which is then printed out and entered into eLMIS manually. An exam-

ple is the CTC2, a patient record system used for HIV/AIDS patients used at large 

facilities, which keeps track of the patients’ adherence to antiretroviral therapy 

(ART). A patient’s current and previous ART regimens are registered in the system, 

and the system also tracks the stock balance of the ART medicines. When orders are 

to be placed, the order forms are printed and manually entered into eLMIS. Lastly, 

some data on commodities is entered into the national health management information 

system (HMIS), which runs on the DHIS2 software. This data is entered into DHIS2 

by HMIS workers at district level, and the data is used by health managers. The pri-

mary use of logistics data for general management is to analyze stock-out data with 

service delivery data, and the HMIS is not used for ordering purposes. Interoperability 



between DHIS2 and eLMIS or ILS Gateway is not established and there is some du-

plication of data among the systems. A project to send statistics from eLMIS to 

DHIS2 in order to utilize the analysis tool in the latter was ongoing at the time of 

writing [21]. 

In addition to the official system, facility staff also uses other means to replenish 

their stocks. For example, we found that facility staff had WhatsApp groups where 

facilities helped each other out when they were low on stocks. They would then redis-

tribute among themselves, and report these transactions in the R&R forms. 

The situation in Tanzania is illustrated below, where at the national level there ex-

ists one ERP as WMS. At the district and national level there exist two LMIS sys-

tems, where only one is actually used as the system handling orders. At the facility 

and district level an LMIS system exists that is only used for reporting. While at the 

facility level there are smaller systems used for patient records and inventory man-

agement. Most information subsystems at lower level are completely paper-based due 

to lack of reliable electricity and internet support 

 

Fig. 1. Different systems used in the Tanzanian LMIS 

The situation in Uganda is quite similar to that in Tanzania, with proprietary ERPs 

used at the national and regional warehouses. Two different systems are in fact used, 

SageLine 500 and the MACS Warehouse Management System. SageLine 500 is used 

for finances, account supervision, as well as a general ledger. The MACS WMS is 

used for order processing, facility budgets, picking and packing, and journey plan-

ning. In addition, public health facilities get some commodities from a large private 

supplier, The Joint Medical Stores (JMS), which also use an ERP (IFS) for their na-

tional and regional warehouses.  

Most reporting and ordering in Uganda is done through paper forms from facilities 

to the warehouses. Of the computer-supported systems identified, they either had 

limited scope, such as related to one health program only, or used in only hospitals 

and not smaller facilities. A stand-alone system, Rx Solution, is used for inventory 

management at most hospitals, but reporting and ordering is done through reports 

printed from this system, which can also be sent as an email attachment. Other specif-

ic logistics streams, like that for ART, are supported by different software. Where 

such software exists, data is often stored on paper in addition. The DHIS2 software 



(which is also used for the national HMIS) is used for ordering ART commodities, 

where the paper orders are entered manually at the facility or the district office. Be-

fore an order is shipped, the facility is contacted in order to confirm the order. The 

order data is entered manually into MACS, as there is no integration between DHIS2 

and MACS. 

 

Fig. 2. Different systems used in Ugandan LMIS  

In both Uganda and Tanzania there is a gap between the public and the private 

health sector and additional streams of information and commodities related to inter-

national agencies. Where electronic systems exist, they are not interoperable and una-

ble to share data with the public health sector.  

A pattern of how the field of LMIS is organized can be seen across the two cases. 

Large, complex proprietary ERP packages are used to support the national ware-

houses, with modules for inventory, finances, procurement and the like. The flow of 

commodities from the warehouses out to districts and health facilities is supported by 

smaller, less complex systems which focus on ordering and reporting. At the facilities, 

there is a group of specialized software, typically originating from needs around pa-

tient management, that also have small modules for local inventory and order man-

agement. Taken together, the field of logistics management is supported by a patch-

work of systems, varying greatly in their complexity, origin, cost, and reach. 

5 Discussion 

The cases from Tanzania and Uganda show architectures consisting of fragmented 

and heterogeneous systems. While there are certainly systems that are used for sup-

porting logistics, such as eLMIS in Tanzania and DHIS2 for ART medicines in 

Uganda, there are also other systems that contain data on health commodities.  

Given our definition of LMIS, understood as a system of records and reports on 

routine administration, dispensing, consumption, and loss and adjustments data, to 

support forecasting and distribution of health commodities from central national stor-

age to point of health service delivery, one finding is that there are several infor-

mation systems which may qualify as playing the role of an LMIS. In both countries, 

LMIS functionality is spread out among different paper-based and electronic infor-



mation systems. While in both countries there are systems that deal with both report-

ing and ordering between facilities and national warehouses, there are also several 

systems that focus on more local logistics, such as patient management systems or 

local inventory systems. In addition there are systems which contain some of the same 

data, but not for ordering purposes but rather as one of many data sources for general 

health management.  

Looking at the different levels of the health system, there are strong similarities be-

tween Uganda and Tanzania. In general there are differences in infrastructure as well 

as the understanding of logistics at the different levels [15]. At the national level there 

is a logical, rational and mathematical approach to logistics. Their focus is getting 

commodities to the clinics and their area of operation is the broadest. Here both coun-

tries have large, proprietary ERP solutions that handle both warehouse management 

and finances and other related functional areas. At the facility level there is more of a 

pragmatic approach to logistics. The main facility level focus is on delivering health 

services to those who need it. They still have information systems that cover some 

logistics support, such as systems primarily for patient management (CTC2 in Tanza-

nia), local facility inventory systems (Rx Solution in Uganda), and “shadow IT” that 

go beyond the official systems (use of WhatsApp for inter-facility redistribution in 

Tanzania). National and facility levels have very different infrastructure, needs and 

scope of operation which is reflected in the systems they use.  

The district level resembles characteristics from both levels, where the manage-

ment of health services is a primary focus. Technologically they are more advanced 

than the facility level, yet their needs differ from the national level as they are more of 

a middle-man between the facility and national level, adjusting the facility orders, and 

to a limited degree, partaking in the distribution of commodities.  

The difference in technology used on the different levels is not only connected to 

the primary goals, but also its infrastructure and maturity. On a general level the dis-

trict and national level has a more robust infrastructure than the facility level. This 

doesn’t just concern Internet connectivity and electricity, but also the ability for on-

site support. Together these factors results in the fragmentation of information sys-

tems, which both cases show. It is important to point out that even if different, the 

information systems in place are suited to their local needs. 

When the need for a system has emerged in both Tanzania and Uganda, it has been 

developed and implemented in isolation, with little regard to other systems. This is at 

least partially due to different actors developing the systems, but more importantly a 

lack of an architectural vision from the national level guiding how systems should be 

developed and implemented. This has created systems working independently of each 

other, sometimes within the same functional area. The functional overlap is quite as 

expected given the tight integration of the various aspects of health service provision. 

For example, the CTC2 system in Tanzania is a patient-management system that also 

contains relevant data on health commodities, in this case on ART medicines for HIV 

patients. When treating HIV patients, a large part of that is to administer medicines 

and make sure you have enough of those medicines and forecast what you will need 

over the next few months. Developing a system to support patient management, it is 

thus natural to extend the functionality to also cover inventory management in the 



absence of any unified LMIS and inventory system that you can connect to. The same 

logic is behind the inclusion of stock-out data in the national HMIS.  

Both countries show the same architecture of systems existing as separate entities 

in the supply chain, even though some of them share the same data. One way to inter-

pret this is that this works and is suited to the context, but it may need optimization 

related to functional duplication. Another interpretation is that this doesn’t work and 

that this patchwork of information systems should be replaced by one big system that 

can handle everything. However, such a strategy would easily face challenges related 

to the very different needs at the different levels. The third way could be to argue that 

this doesn’t work as effectively as it could, but there is no need to start again from 

scratch. Integrating existing systems is a more feasible solution to the fragmented 

information systems. Integration will help circumvent some of the issues persisting 

today in the LMIS. The question then becomes, where do we integrate? There aren’t 

necessarily any correct answers to this question. It depends on the systems already in 

place, the availability of supported, appropriate, technology, and the priorities of the 

health system as a whole. Integration should also be driven by informational needs. 

Today such integration is already working, though in a manual way. The important 

thing when opting for integration is having a full architectural vision [8]. This archi-

tectural vision should be based on the principles of service orientation [4]. 

Approaching the LMIS architecture with basic software design principles such as 

encapsulation, loose coupling, composability and normalization in mind will help 

make the LMIS more flexible. Encapsulation will ensure that the existing LMIS sys-

tems can be utilized when the new architectural vision is implemented. Systems de-

veloped under the new vision should emphasize loose coupling where dependency on 

other services should be minimized. Composability as well as normalization will help 

ensure less of a functional overlap between the systems in place, such as the case is 

today. Another important factor is data standards. When the same data exists on pa-

per, as well as in different systems, data standards can help in creating a bridge be-

tween the software applications. Examples of challenges when integrating these sys-

tems can be found from the experiences when Tanzania wanted to create an integrated 

HMIS/LMIS dashboard [21]. Issues such as different facility names in the different 

system, different reporting periods and different naming conventions for drugs created 

issues that could have partly been solved with a more service oriented approach to the 

LMIS architecture. It is also important to mention that service oriented architectures 

empowers reuse which can help in reducing the number of systems in the LMIS, but it 

also increases the complexity.  

In summary, both countries show that the functionality of an LMIS is spread out 

across many different systems, which may or may not have been developed with the 

aim of actually being an LMIS. When for instance a health management information 

system or an patient management system comes to include data and functionality 

around logistics, it is consistent with a situation where an LMIS has already been 

established but does not yet cover the needs of general management or patient man-

agement, respectively [11]. Given the different information needs and infrastructural 

situation at the various levels, this “patchwork” of logistics-related systems is not only 

expected, but also to a certain degree beneficial. Both countries have some systems 



that support horizontal reporting and ordering, but there are still needs for logistics 

data beyond these that has come to be supported by other systems. The crucial ques-

tion then becomes if, and how, and where, they should be integrated. 

Some answers to these questions are coming from the countries already. In Tanza-

nia, there is a need for the eLMIS to be integrated with the ERP warehouse system, so 

that orders can be shared automatically to the higher level system and financial data 

can be shared down to district pharmacists. Such integration has already been estab-

lished, but only allowing one-way data sharing. Likewise, there is a need to share 

financial data downwards, so that district pharmacists or others who enter ordering 

data can do this within the frame of the facilities’ budgets. Since some logistics data is 

also relevant for health service management, there is also an initiative to integrate 

eLMIS and DHIS2. This is certainly an area where we would call for more research, 

and to document the learnings from the above mentioned initiatives. 

6 Conclusion 

Our research question in this paper is: What are appropriate information systems 

architectures for public health supply chain management in developing countries? 

Our short answer is that this depends on the existing systems in place, and the 

needs they cover at the various levels. We caution against thinking that one system 

may cover all supply chain related needs, given the big differences in scope and tech-

nical infrastructure. Though we have only looked at two countries, a pattern emerges 

where a larger ERP-like system is needed at national warehouses, a “slimmer” trans-

actional system that focus on reporting and ordering connects the warehouses with the 

facilities, and a range of other systems that primarily support other functions also 

cover some supply chain data. The transactional system between the levels is what 

most resembles the definitions of LMIS we have identified among the international 

organizations who support supply chain systems in developing countries, though there 

are many other systems who could be said to have limited LMIS functionality also. 
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Test script for comparison of data between DHIS2 and eLMIS 
 

Overall strategy 
The overall test strategy is to compare data from DHIS2 and eLMIS to see if they correspond 

with each other. The test will focus on RMNCH and the involving life saving commodities. The 

test will also look at which of the commodities that are reported and which is not. There are 13 

life saving commodities. 

 

13 life-saving commodities 
Maternal health commodities 

Oxytocin, Misoprostol, Magnesium sulfate 

 

Newborn health commodities 

Injectable antibiotics, Antenatal corticosteroids(ANCs), Chlorhexidine, Resuscitation devices 

 

Child health commodities 

Amoxicillin, Oral rehydration salts, Zinc 

 

Reproductive health commodities 

Female condoms, Contraceptive implants, Emergency contraception 

 

Instructions 
Each participant are to choose 2 types of commodities, 5 districts and 5 different facilities within 

these districts. For each commodity there will be 5 comparison tables - one for each district. 

This makes the total number of comparison tables 10 per participant. For all the facilities, the 

participant are going to find data for two different types of commodities and look at both the 

Closing/Ending Balance for the commodity and the Consumed data for that commodity.  

 

Follow these steps: 

1. Log in to DHIS2 

2. Open pivot table 

3. Select data elements under data 
4. Select data element group: eLMIS: Logistics Commodities 



5. Select your commodity types: both Closing/Ending Balance and Consumed for both of 

them by double clicking on the commodity 

 

Example 

 

 

 

 

6. Choose period: Select quarterly period type. Choose these quarters: Oct to Dec 2014, 

Jan to Mar 2015, Apr to Jun 2015, Jul to Sep 2015. You need to use the Prev year 

button to select periods from 2014 and 2015. Uncheck “Last 12 months” under months.  

 

 

 

 

 

 

 



 

 

Example

 

 

 

7. Select Organisation Units 
8. Choose Selection Mode: Select levels 

9. Choose specified district for your test and select your facilities within the district by 

holding in ctrl and marking your facilities 
10. Click Update to make the table appear 

11. Click Layout in the top menu to open the layout screen. Drag Periods to Column 

dimensions and Organisation units and Data to Row dimensions, then click update. 



12. Log in to eLMIS 

13. Find the same data in eLMIS 

14. Compare the data 

 
How to compare the data 
Find the corresponding district, facilities and commodities in eLMIS and look at the numbers for 

each Consumed data and Ending Balance data for the commodity. Fill in the name of your 

district and the commodity at the top of the document with the comparison table.  

 

Write down the 5 facilities belonging to your district in the facility fields. Compare the data for the 

commodity in DHIS2 and eLMIS and write down the values.  

 

 

 

 



Example 
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