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Abstract

Health information dashboards are software tools utilized to monitor the perfor-
mance of health programs, through collections of visualized information within
a single screen. Health organizations in developing countries are increasingly
adopting these software tools to facilitate well-informed decisions and improved
information use. However, what type of presentation formats, the amount of
information, or required interactive features a dashboard must possess to fa-
cilitate evidence-based decision-making is not yet fully understood. Too much
information or interactivity provided by the application will overwhelm the user,
resulting in the problem of experiencing information overload. This will ulti-
mately impact decision-making, work efficiency, and productivity. Effectively
making the dashboard working against its intended purpose.

This thesis looks into the health information software DHIS2 and its dashboard
application. The objective was to explore essential design features that dash-
boards must facilitate to enable evidence-based decision-making, without caus-
ing information overload to users situated in developing countries. Motivated by
how a health organization supported decision-making with integrated discussion
forums and decision guidelines with the dashboard, I attempted to assess how it
could reduce users chance of experiencing information overload. By observing
the usage of the dashboard to monitor the performance of two health programs
in Zimbabwe, I evaluated limitations and potential improvements.

Findings gathered through a qualitative action case study indicated that as-
signing decision guidelines to specific visualizations presented by the dashboard
reduced the users chance of becoming overwhelmed with information. While
the discussion forums produced both positive and negative effects. To address
the information overload problem emerging from dashboards, they must provide
simple presentation formats and support details on demand through interactiv-
ity.
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Chapter 1

Introduction

1.1 Motivation

Health organizations relies on Health Management Information Systems (HMISs)
to facilitate evidence-based decision-making (Lippeveld et al., 2000, pp.2-3). As
HMIS have increasingly become more successful in collecting data, presenting
the information for data-use has become a bigger issue. Along with all the infor-
mation made available, information overload has become increasingly recognized
(Senyoni and Braa, 2017). Symptoms of experiencing information overload are
described as reduced quality in decision-making and work-efficiency, to name a
few (Wilson, 2001). To address the information overload problem, organizations
are increasingly adopting interactive visualization tools such as dashboards ap-
plications (Senyoni et al., 2019). These are software tools designed to centralize
important visualized information to monitor performance and facilitate well-
informed decisions. However, too much information provided by the dashboard
can potentially result in it overwhelming the user and working against its in-
tended purpose.

This thesis was motivated by how a non-governmental (NGO) health organiza-
tion applied the generic health information software DHIS2 and its dashboard
application. To address the problem of dashboard users experiencing infor-
mation overload; the NGO standardized information use, by assigning decision
rules to specific visualizations presented by the application. These decision rules
offered a quick assessment of possible actions to take, depending on the visual-
ization’s current status. Coupled with an integrated discussion forum available
in the dashboard; collaborative efforts were communicated to interpret the in-
formation and assist with decision-making. However, the need for these applied
work processes and features suggested that the health information dashboard
had become a source of information overload in itself.

During my thesis progression, I took part in further development and improve-
ments of DHIS2’s dashboard application. I then traveled to Zimbabwe and
observed how the health organization applied the dashboard to monitor the
performance of two health programs related to HIV and male circumcision. By
observing how users interacted with different dashboard layouts and presen-
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tation formats, I investigated how the software tool could facilitate decision-
making without overwhelming the users with information.

Information overload is not a new phenomenon, but limited research has been
conducted in the context of HMIS, especially within developing countries. Fur-
ther, the literature on dashboards and their essential design features have failed
to keep up with the rapid advance of information technologies. With this thesis,
I offer insight on how a dashboard can facilitate decision-making without users
experiencing information overload. This involves applying simple graphical pre-
sentation formats and supporting interactivity that enables details on demand.
By following specific design guidelines and utilizing integrated discussion fo-
rums, health information dashboards can facilitate decision-making at different
levels of the health system’s hierarchy for users with different skill-sets.

1.2 Dashboard Applications

Dashboards have been viewed as one of the most useful analytic tool capable
of facilitating evidence-based decision-making (Negash and Gray, 2008, p.175).
However, clear gaps in the literature have been identified in areas such as the
definition of a dashboard, how managers should design their dashboard, and its
overall benefits (Pauwels et al., 2009). In developing countries, dashboards have
shown to improve data quality through timely reporting and consistent data
collection for routine health data (Etamesor et al., 2018). As data collection
methods are increasingly improving, dashboard users are required to keep up
with more information than previously possible. To make use of all the infor-
mation; dashboards encode data into graphical representations such as charts.
However, presenting too much information can overwhelm the user.

WHO have published best practice guidelines for dashboards intended to mon-
itor health programs such as HIV, malaria, and immunization, among others.
These dashboards are recommended to contain visualizations ranging from 2 to
241. Stephen Few (2006, p.39), a highly regarded dashboard designer, strongly
emphasize in his book for dashboard design that the application should not dis-
play more than the amount that fits the screen boundary. While other renown
software vendors such as Tableau recommends a maximum of 3 (Tableau, 2019).
There exist many recommendations, and as such, various dashboard solutions.

In addition to visualizations, the dashboard should offer some degree of inter-
activity to encourage data exploration and assist the interpretation process.
However, too much interactivity and feedback can affect the information load
and impact decision-making (Wilbanks and Langford, 2014). The application
is regarded as a solution to the information overload problem by centralizing
important information (Senyoni et al., 2019; Al-Hajj and Pike, 2013). How-
ever, information overload is also viewed as a constraining factor to draw out
its fullest potential (Wilbanks and Langford, 2014).

1See WHO’s training instance of DHIS2 with dashboard templates: https://who.dhis2.org/demo
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1.3 Information Overload

Eppler and Mengis (2002) reviewed information overload across various manage-
ment disciplines including Management Information Systems (MISs). Through
their study, the authors noted that the performance of an individual correlates
positively with the amount of information he or she is exposed to, but only
to a certain point. Beyond that point, if further information is provided, the
performance and decision accuracy will rapidly decline. The classic definition
describes that the phenomenon occurs when the information’s processing re-
quirements exceed the individual’s processing capacities (ibid.).

Figure 1.1: Correlation between decision accuracy and information load (ibid.).

It is necessary to emphasize that research related to decision-making in public
health is challenging as the process involves multiple factors (e.g., political, bud-
get constraints, special interests) (Lippeveld et al., 2000, pp.36-37). However,
information overload have shown to cause other dysfunctional consequences such
as lack of critical evaluation, loss of control over information and higher time
requirement for information handling.

Potential countermeasures

Multiple different factors can produce information overload when monitoring
the performance of health programs in developing countries, but potential so-
lutions have been proposed. These are solutions that can be applied at the
organizational level as well as within the dashboard. The most relevant within
the context of this thesis are countermeasures proposed by Eppler and Mengis
(2002):

Table 1.1: Proposed solutions for information overload.

Task and processes: Organizational level: Information technology:

• Defining standardized
operating procedures and 
decision rules.

• Reduction on the sources
of information.

• Providing incentives
directly related with
decisions.

• Reduction of alternatives in 
decision support systems.

3



1.4 Research Context

This thesis is written in collaboration with the Health Information Systems Pro-
gramme (HISP). HISP is a global research network aiming to improve health in
developing countries through the usage of HMIS. One of HISP’s core projects
is the development of District Health Information Software version 2 (DHIS2).
The software is utilized primarily within the health sector and offers reporting,
analysis, and dissemination services of health data (Braa and Sahay, 2012a). An
important DHIS2 application for managers and decision-makers is the health
information dashboard, a software tool used to centralize multiple indicator-
based visualizations (e.g., charts, tabular data, maps). It is intended to enable
evidence-based decision-making by monitoring the performance of health pro-
grams on a larger scale.

1.4.1 Monitoring health programs in Zimbabwe

The context of the research involving the dynamics between dashboard design
and information overload was conducted in collaboration with a health organi-
zation called Population Services International (PSI), a global NGO dedicated
to improving health through the usage of HMIS. Acknowledging the increasing
sources of information that decision-makers were required to keep up with, coun-
termeasures had been implemented. The health organization applied DHIS2’s
dashboard to monitor health programs with visualizations ranging up to 30 per
dashboard, while each health program, in turn, could range up to over 60 differ-
ent dashboard instances. This study observed the health organization’s conduct
related to two health programs in Zimbabwe: HIV and male circumcision.

Through DHIS2’s dashboard, decision-makers utilized integrated discussion fo-
rums. Coupled with each visualization within the dashboard, members at the
strategic level of the health system communicated and assessed its values. Ad-
ditionally, while monitoring the performance of a health program, defined stan-
dardized decision templates had been assigned to each visualization, as shown
in Fig 1.2 on the next page. These applied countermeasures have been proposed
as solutions to reduce the chance of experiencing information overload.
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Figure 1.2: Descriptive label with decision rules and incentives.

As shown in Fig 1.2, multiple potential causes must be investigated before ar-
riving at a decision. Due to the reality of limited economic resources and human
capacity in developing countries, the margin of error is small before a health
program becomes a failure. Thus, decision-makers are required to base their
actions upon information that may not be reflected clearly through the visual-
izations.

Health information dashboards can potentially contain vast amounts of informa-
tion that already exceeds human capacity for information processing. Further,
factors such as the information quality and uncertainty of information can con-
tribute to users experiencing information overload (Eppler and Mengis, 2002).
These are realities that the software application must address, both through its
design and its interactive features such as discussion forums to contextualize the
quantitative data further.

5



1.5 Research Aim

The study aimed at exploring essential design features a health information
dashboard must facilitate to enable evidence-based decision-making without
causing information overload. The health organization that monitored health
programs in Zimbabwe argued that their applied work processes addressed the
information overload problem. This study attempted to identify design guide-
lines such as the number of visualizations, appropriate presentation formats,
layout composition, as well as the value the discussion forum and decision tem-
plates offered to the health information dashboard.

1.6 Research Questions

To gain an understanding of how dashboards, a decision support tool, can main-
tain a balance between information load and information use; the following
research question was asked:

• What essential features must a health information dashboard facilitate
to enable evidence-based decision-making, without causing information
overload?

In order to answer the research question and capture the scope of the study, I
performed the following steps:

1. Investigated literature on the causes and solutions for information overload
applicable for dashboard applications.

2. Established agreed concepts and principles on dashboard design.

3. Investigated literature on the process of interpreting visualized informa-
tion.

4. Performed a quantitative and qualitative analysis of the health organiza-
tion’s dashboards.

5. Conducted an interpretive action case study involving interviews, surveys,
and observation of management personnel utilizing DHIS2’s dashboard
application. With interventions towards dashboard design and applied
presentation formats.

6. Performed a case experiment with two focus groups and one control group,
involving observations on the usage of different dashboard layouts, presen-
tation formats, and the application’s interactive features.

Answering the research question would provide insight towards how a health
information dashboard can facilitate information use and balance the amount of
information required to be processed in large scale health programs. Ultimately,
the research question would be answered by offering a set of essential features
a health information dashboard must facilitate. These features are specifically
aimed at addressing the information overload problem that can emerge from
dashboard applications.
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1.7 Thesis Structure

• Chapter 1 - Introduction: Describes the motivation for this thesis,
offers a brief introduction with the research context, research aim, and
research questions.

• Chapter 2 - Background: Provides history and technical background
on DHIS2, an overview of Zimbabwe’s current status and background on
Population Services International.

• Chapter 3 - Literature Review: Presents relevant literature for infor-
mation overload, dashboard design, and the process of interpreting visu-
alized information.

• Chapter 4 - Research Methodology: Briefly illuminates applicable
research methods relevant to the study. Presents the applied research
method and describes the research approach.

• Chapter 5 - Empirical Findings and Analysis: Presents the find-
ings from an analysis of the health organization’s dashboards and the
performed action case study in Zimbabwe.

• Chapter 6 - Discussion: Offers a discussion on the research topic in
light of the findings, literature review, and answers the research question.

• Chapter 7 - Conclusion and future work: Provides a conclusion of
the conducted action case study and offers suggestions for future work
with research directions.
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Chapter 2

Background

Before continuing with the research objective, background on DHIS2, Zimbabwe
and Population Services International is presented. The first section provides a
brief history of the emergence of DHIS2, with an overview of the software’s tech-
nical background. The second section describes the dashboard application, its
interactive features, and available presentation formats. The third and last sec-
tion provides a brief overview of Zimbabwe’s status, PSI and their involvement
within the health sector through the usage of DHIS2.

2.1 District Health Information Software

2.1.1 Historical Background

DHIS2 is coordinated by HISP, a global research network initiated by the De-
partment of Informatics at the University of Oslo. HISP is funded by various
renowned health-related organizations like NORAD and WHO (Braa and Sahay,
2012a). The initiative started in 1994 between the University of Oslo and the
University of Western Cape after the South African apartheid. At that time,
the software covered three health districts in Cape Town intending to provide
basic information to health workers, such that they, in turn, could provide im-
proved health services to the South African locals. The project development
sought to address the extreme fragmentation caused by the segregated health
systems that divided humans into racial groups, through a decentralized system
of health districts (Braa and Sahay, 2017).

The development process emphasized empowering local management with easy
access to health data and analytic tools. After a largely successful implemen-
tation in South Africa, the system got quickly adopted by other developing
countries. In its early stage, DHIS version 1 was built on top of a Microsoft
stack. Excel was used as a reporting tool, and Microsoft Access operated as a
database at the back-end.

8



In 2006, DHIS version 1 was re-built and upgraded, now implemented with
the Java technology and a relational SQL database. The development was per-
formed by students at the University of Oslo and further improved by developers
in India and Vietnam (ibid.). Utilizing the Java technology, the system based
itself on a free framework using as little dependencies as possible, removing
the necessity of additional cost. Furthermore, the Java framework is platform
independent and uses object-relational persistence system, which implies that
the system will run on any operating system and most database management
systems (Øverland, 2006).

Today, DHIS2 is the world’s largest HMIS platform as it is utilized in over
60 countries1. Taking NGO-based programs into consideration tallies DHIS2’s
usage in more than 100 countries. Through HISP’s action research and ed-
ucational strategy, students from the health and informatics field have been
involved and co-operating with improving health information systems in devel-
oping countries. DHIS has provided the empirical basis for students to research
and build masters and Ph.D. theses, while also providing a constant stream of
evolutionary improvements to the software (Braa and Sahay, 2017).

2.1.2 Technical Background

Data Elements

Recognizing that the environment in developing countries is in constant change
required developers of DHIS2 to create a highly flexible metadata model. This
approach has been a key factor related to the success of the software (Braa and
Sahay, 2017). Data elements in DHIS2 can be defined and modified through
the user interface without the need for programming. As such, collected data
can be stored and virtually represented as an arbitrary value. The stored data
is handled as a singular unit, facilitating easy modification or re-arrangement
of potential analytic queries (ibid.) The data is represented through a three-
dimensional principle of what, when, and where, where all three dimensions make
up the data value:

dataElement

dataValue

period

organisationUnit

1 

1 

1 

N

N

N "Where"

"What"

"When"

Figure 2.1: The three dimensions of DHIS2 data values.

1See https://www.dhis2.org/about
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As the software requires to capture all potential geographical locations within
a developing country implies that the where, or organization unit, encompasses
health-related facilities from small and simple clinics, to major hospitals, and
even zones. This means that in DHIS2, geographic locations such as provinces,
or districts, are all represented as an organization unit. A given unit has a
unique identifier with arbitrary attribute values and pointers to its parent or
child unit. The hierarchy ultimately represents the geographical domain of the
HMIS:

Figure 2.2: One of many organization units in PSI’s DHIS2 instance.

The when is a date/time attribute that can be fixed or relative, enabling the
possibility of relating collected data elements to a specific period. The what is
the most important and fundamental building block of a DHIS2 database and is
the data element that explains what is being collected. The value it represents
is defined by the DHIS2 configurator and, due to the flexible manner of the
metadata structure, can be any arbitrary value given by its definition through
the user interface (DHIS2, 2019b).

Indicators

The software facilitates evidence-based decision-making by utilizing indicators.
An indicator is also a fundamental building block for DHIS2 as it promotes
actionable data-use when working with aggregated statistics. It is also viewed
as a data element but is distinguishable in the sense of it being a formula-based
value instead of a raw count. An indicator is typically a mathematical formula
in the form of a numerator and denominator. The numerator and denominator
can, in turn, be a mathematical expression consisting of multiple data elements,
constants, organization units or numeric operators. Indicators represent perhaps
the most powerful data analysis feature in DHIS2 (DHIS2, 2019a).

10



Legends

DHIS2 offers users the possibility to create legends to provide visual cues in
visualizations showing tabular data or geographic data points. These metadata
objects can be defined with a set of values ranging from low and high with a
corresponding color. Legends can, in turn, be assigned to an indicator such that
the defined color provides the user with a visual cue in terms of a visualization’s
relative performance, should the calculated indicator value exceed the defined
ranges. The legends functionality is not supported in formats of type charts.

Analytic Requests

Both native and third-party applications communicate with the back-end through
a REpresentational State Transfer (REST) architecture. Briefly summarized,
RESTful architecture is defined by software that follows a set of six constraints
where one is optional. The most fundamental principle of REST is that the API
is targeted through resources with uniform interfaces (Masse, 2011). Applica-
tions that render information retrieved from the back-end server communicates
through the REST API via the web with CRUD operations2. This is how data-
driven analysis is performed, through communication with the API’s analytics
resource:

https : //baseurl/api/31/analytics

The endpoint allows network requests that queries aggregated data belonging
to the what, when, and where dimension (DHIS2, 2019c). Through the visual-
ization tools, users can customize requests by specifying which dimensions they
want to aggregate, choose a filter parameter, and ultimately receive the data
that is calculated by the back-end server. Upon generating a visualization, the
back-end responds to the web application through the API, with results based
on the request’s parameters. The response is in turn fed into the visualization
tools that ultimately generates the given format.

This thesis will not go further into the details of the metadata model and the
possible variations available in DHIS2 as it is beyond the scope of the context.
The remaining sections will instead further focus on the dashboard application
and provide a summary of its visualization tools.

2Create, read, update or delete functions for persistent storage.
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2.1.3 Front-End Architecture

DHIS2 comes with a generic Java back-end server, SQL database, and a set of
native applications that are loosely coupled (Roland et al., 2017). The native
applications include a web portal with bundled apps free and available for any
DHIS2 user to utilize.

Figure 2.3: A portion of the native applications available in DHIS2.

As of version 2.31, DHIS2 have upgraded multiple web applications that were
implemented with pure JavaScript, to include the ReactJS library developed by
Facebook. During my thesis progression, I was involved as a front-end developer
with further development of the Dashboard app, Data Visualizer app, and the
Maps app. These new applications built with the React library offered users
improved interactivity, modern graphical user interfaces, and new features.

2.2 DHIS2 Dashboard

DHIS2’s dashboard application has become highly customizable through the
software’s continuous development of open generification (Gizaw et al., 2017).
This development process involves users acting as both customers and design-
ers to identify and report local needs through participatory design, such that
DHIS2’s core developers can provide features applicable on a global level that
serve a broader user group. However, despite its generic solution and a wide
variety of use cases, the dashboard is utilized for the same purpose: Monitor per-
formance to conduct strategic planning and facilitate evidence-based decision-
making.

The dashboards can become quite large as health programs may cover an entire
country. There is no limit on the number of visualizations it can contain. Its
generic solution has focused on flexibility that can support innovation in the
local context to customize it further for improved usability. However, this flexi-
bility can produce challenges that require competency for designers such that it
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serves useful in the local context (Nielsen, 2017). Without sufficient knowledge
on dashboard design, its flexibility can result in users creating dashboards that
work against its intended purpose. The tension between developing a design
that can facilitate customization, and design that reduces the chance of expe-
riencing information overload, by limiting the possibilities, are challenging to
realize.

2.2.1 User Interface

The visualizations imported to the dashboard can be an object created by an
external application, or an object created by one of DHIS2’s visualization tools.
Each dashboard can be labeled with a descriptive name with additional detailed
information to further contextualize its collection of indicator-based visualiza-
tions. The dashboard has two modes in view or edit, where edit enables users
to reconfigure their dashboard by adding or removing objects, or reorganizing
the structure of its contents. All user-designed dashboards can be shared with
other DHIS2 users after being configured.

As the dashboard can contain multiple objects of aggregated data, a filter mech-
anism based on organization units is supported. To encourage balance on the in-
formation load; multiple dashboard instances can be created. These dashboard
instances can be organized with collections of visualizations from districts, fa-
cilities, countries, or other arbitrary categories. The view mode, as shown in
Fig 2.4 below, displays the dashboard according to the configured layout and
provides users with an extra toolbar of buttons attached to each visualization.

Figure 2.4: The dashboard in view mode.
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Grid Layout

As the dashboard is implemented with React means that each visualization is
rendered into separate components. To organize the arrangement, a third party
library called React Grid Layout separates the components into a grid system.
The grid can be manipulated by the user such that each component’s height
and width are structured according to the user’s preference. To further organize
visualizations into groups, an empty spacer item can be added to increase the
space between visualizations.

Interactive Features

The toolbar buttons, as shown in Fig 2.5 below, enables a degree of interac-
tivity by toggling the visualizations through different presentation formats or
redirection to specific visualization tools. The available presentation formats in-
clude tabular, charts, or geographic maps with data-points. The last interactive
feature enables users to expand a drop-down panel to engage in discussion.

Proximity Enclosure Similarity 

Discussion
field

Presentation
formats

Figure 2.5: Interactive features for individual visualizations.
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Integrated Discussion Forum

Through the dashboard, decision-makers and managers within the health sys-
tem can communicate their effort and provide input on the aggregated data.
The discussion forum serves as a tool to centralize valuable information re-
lated to the performance of health programs. Through dialogues, colleagues
can periodically offer insight on actions that can or have been taken as well
as identifying incidents related to data quality. This feature enables users to
document their interpretations, post periodic updates, and permanently store it
with the visualization. In DHIS2, this capability is termed the interpretations
feature:

https : //baseUrl/31/api/interpretations

As shown in Fig 2.6 below, visualizations retrieved from the back-end server can
contain information that could potentially be lost through meetings, e-mails, or
other mediums involved in an organization’s work processes. These interactive
features assist managers and decision-makers to interpret the information to
make well-informed decisions.

Figure 2.6: JSON data for a stacked bar chart containing interpretations.
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2.2.2 Presentation Formats

Generating a visualization in DHIS2 may be of value to other users. As such,
saving the graphical representation will store its configured dimensions and en-
able sharing of the presentation format by referencing a unique identifier stored
in the data warehouse. It can then be imported to the dashboard, downloaded
to a local folder or exported to other applications. In DHIS2, charts are rendered
by the third party JavaScript library HighCharts. Tabular formats are rendered
by DHIS2’s internal JavaScript library d2-analysis. The dashboard is reliant on
the visualization tools to generate graphical representations of collected data.

The visualization tools offer drill-down features. Drilling on aggregated statistics
means that users can, for instance, create a table with aggregated data within
the last quarterly year, and drill-down to the last month or last week. With
organization units, decision-makers can create spreadsheets with an organization
unit that represents the whole country and drill-down to the specific cities or
facilities that indicates deviation or any values of interest.

Tabular data

Tabular data are generated through DHIS2’s Event Reports and Pivot Tables
application. It enables DHIS2 users to work with spreadsheets of all available
dimensions displayed as numeric values. In these visualization tools, aggregated
data can be organized into rows and columns with a filter dimension. The Pivot
Tables and Event Reports app targets the analytics resource to display aggre-
gated statistics in unique ways defined by the user. For instance, by specifying a
group of organization units as a dimension, users can perform aggregated anal-
ysis of metadata grouped as Clinics, to offer more pinpointed aggregation and
analysis.

Charts

Charts are generated by DHIS2’s Event Visualizer and Data Visualizer appli-
cation, by applying the HighCharts JavaScript library. Charts are often utilized
to ease the understanding of quantitative data, and the relationship between the
data points as graphical representation can be read faster than tabular formats.
HighCharts generates the visualization on the client-side, making the library
a suitable tool for slow and intermittent connection that occurs in developing
countries. The specific formats that DHIS2 offers are:

• Column & bar chart.

• Stacked column & stacked bar chart.

• Line chart.

• Area chart.

• Pie chart.

• Radar chart.

• Gauge chart.
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Maps

DHIS2 has its own Geographic Information System (GIS) application that ren-
ders data points on geographical maps. With the GIS app, data in the form of
counts from facilities, districts, or data captured through events can be rendered
and represented through thematic layers within a given country. The application
is integrated with Google Maps API, which enables satellite imaging, hybrid or
default visualizations.

2.3 Zimbabwe

Figure 2.7: Map of Zimbabwe.

Zimbabwe is a country located in the
southern part of Africa. The population
is registered to roughly 16 million people,
with 16 official languages where English
is one of them and commonly used. The
country has a Human Development Index
score of 0.535, placing it as the 156th out
of 189 at the lower parts of least developed
countries on Earth (UN, 2018). In 2006,
an association of doctors called for assis-
tance to improve health services as life ex-
pectancy was decreasing, registering the
average man to live to 37 and women to
353. Due to the country’s economic hyper-
inflation, the health system has more or
less collapsed as major hospitals are unable to afford basic medicine and have
shut down4. The population are experiencing diseases such as HIV, cholera,
waterborne disease, and infant mortality to name a few.

The country has been affected by frequent protests and civil unrest due to the
authoritarian regime of their past President Robert Mugabe the past two years.
In 2017, Zimbabwe’s President Emmerson Mnangagwa was appointed, and the
country’s status has arguably not seen any improvements in the standards of
living. As hyperinflation and corruption have persisted through the governmen-
tal changes, the country is facing considerable challenges and remain as one of
the poorest developing countries in the world.

The nonprofit global health organization PSI has collaborated with Zimbabwe’s
Ministry of Health to improve health with local and international partnerships.
The NGO focuses on HIV/AIDS prevention through measures such as condom
distribution and HIV testing services. In recent years, these health programs,
among others, have been ongoing to empower families to lead healthier lives
(PSI, 2016).

3See https://www.smh.com.au/world/in-zimbabwe-life-ends-before-40-20060410-gdnc3b.html
4See http://news.bbc.co.uk/2/hi/africa/7714892.stm
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2.4 Population Services International

PSI applies DHIS2 and have integrated the interpretations feature with their
work processes. The organization adopted DHIS2 in 2011 after using differ-
ent MISs across different countries. Their legacy systems involved makeshift
solutions with the use of Microsoft Excel, Microsoft Access, and various other
tools. As a result, data engagement and data-use were tedious in order to en-
able evidence-based decisions due to inconsistencies and complexity. PSI chose
to migrate over to DHIS2 due to its flexible ability to collect, manage, and vi-
sualize information. As one of the earliest NGO adopters of the software, the
organization has become experienced DHIS2 users with substantial knowledge
of its features and limitations (PSI, 2016).

2.4.1 PSI’s utilization of DHIS2

At the operational level, PSI has field workers collecting data in rural areas
with paper-based forms, cell phones, and tablets. Furthermore, the NGO have
clinics, hospitals, and pharmacies that collects patient-data in the larger dis-
tricts. At the strategic level, Monitor & Evaluation (M&E) personnel evaluates
the collected data through the health information dashboard and visualization
tools, and communicates their assessment through the interpretations feature
with program managers and evidence directors. Potential actions that are sug-
gested by the M&E workers based on the operational level’s conduct, as well
as strategic decisions higher up in the hierarchy are communicated through
DHIS2’s integrated discussion forums.

Experiences of information overload

The organization utilizes one global DHIS2 instance across their respective coun-
tries, which allows the containment of vast amounts of health information data
from different programs in one database repository. As the instance has increas-
ingly obtained more information, information overload has started to become
apparent. Members at strategic levels have been suspecting that users are view-
ing DHIS2 as a simple database. The average user views the platform similar
to Microsoft Excel, where the main purpose is to insert values to store data.
The NGO’s vision is for its users to view DHIS2 as a data warehouse with the
power of analyzing and acting on the stored data, through data collection and
visualization tools. Before my case study in Zimbabwe, I traveled to Nairobi
and spoke with the NGO’s global director, which emphasized his view related
to the true meaning of the platform:

”One thing that should come into mind when using DHIS2, is that
the platform exists as an interface for acting on gathered data. More-
over, the interface should be utilized to provide a better health out-
come for the average citizen. As users are being overloaded with in-
formation, I fear that we are becoming unable to use it sufficiently.
PSI’s DHIS2 users are gathering information just for the princi-
ple of collecting more. This is why PSI has started to introduce a
framework for standardized procedures.”
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2.4.2 Standardized Decision Templates

While monitoring health programs, the NGO applies a standardized framework
termed Data-To-Action (D2A). It was developed to assist dashboard users to
interpret data and assist with decision-making. The framework emerged after
receiving feedback from users being overwhelmed with data when logging in to
the dashboard or attempting to use the visualization tools. When being pre-
sented with the data, more questions were raised than answered through the
analysis and visualization aspect for the average user. The NGO attempted to
mitigate this with the D2A framework and integrate it with DHIS2 by assigning
possible actions and procedures to take to specific visualizations. As shown in
Fig 1.2 on page 5, the framework provided users with additional context with
a detailed description of indicators, objective, and possible actions to take in
order to get there. The NGO argued that the more clear the problem statement
was, the more effective would the problem-solving process become. By insert-
ing the contextual description right next to the visualized data, more insight
was given to the user. In addition to this, immediate access to the integrated
discussion forum promoted data engagement and discussion that could further
bring enlightenment around the data.

Data-To-Action framework

The D2A follows a standardized framework of possible actions to dispatch. The
objectives, justification, and possible actions to take follow the same pattern
across the different visualizations related to the health program:

• Indicators: The applied indicator expression for the visualization.

• Justification/Objective: Description on what the intended accomplish-
ment is.

• Data inputs: The data elements aggregated through the analytic calcu-
lations.

• Action planning: Potential actions to dispatch depending on the visu-
alization’s current values.

By assigning decision templates, PSI’s visualizations explained the following to
the user:

• What you were looking at.

• Where the information was coming from.

• Why you were looking at the analyzed data.

• And ultimately what type of action that should be performed.

Through standardized indicators; justification and actions across different pro-
grams could be defined, tracked, and acted upon. The NGO states that the
users have reported to experience an easier approach as to what they should
ask themselves when the targets are not met when applying the D2A frame-
work. Quoting PSI’s global director:
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”The standardized procedure triggers the use of information already
available in DHIS2 and promotes data engagement in a positive
manner. It is almost unnecessary to use visualizations unless well
thoughts are included. To build further upon this; it is required to
rationalize how much visualization is needed in order to supply the
intended effect of data-driven decision-making.”

Overwhelming health information dashboards

By tracking large health programs, users can potentially see up to 30 visualiza-
tions within a dashboard, whereas one or two will be thoroughly analyzed. The
NGO argued that one cause of this, may be that the context around the data
is missing with the visualization - it needs to promote interpretation and offer
some sort of visual cue.

A big part of PSI’s workflow involves downloading charts, and start a mail
correspondence and engage in discussion through meetings. The arguments
emerging from these aspects contain relevant insight which should be present
with the data. As in, all things related to the data, should be next to the data.
This way, the NGO argues, identifying the narrative around the visualizations
and how it fits together will become more clear and easier to process for the user.
The large dashboards have become intimidating to use due to the overwhelming
amount of information. To promote further use of the dashboard; the discussion
forums and decision templates are applied to address the information overload
problem.
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Chapter 3

Literature Review

The purpose of this chapter is to introduce the literature deemed appropriate
to use as a theoretical background for this thesis. First, I present literature on
the concept of information overload and how to address the problem. Next, I
draw upon extant literature to define a dashboard and conceptual features that
identify appropriate dashboard design, before continuing with the process of
interpreting visualized data. Based on the findings, I provide recommendations
towards how a health information dashboard can balance the information load
while still facilitate evidence-based decision-making. I do this by proposing
essential features, and recommended use-cases for the available visualizations in
DHIS2. The chapter ends with a summary.

3.1 Information Overload

Research on the concept of information overload has been ongoing for quite
some time. The problem has become increasingly recognized and more serious
towards the end of last century (Noyes and Thomas, 1995). More informa-
tion has been created in the last 30 years than the previous 5000 years (Ruff,
2002). As mentioned in section 1.3, there exists multiple names for information
overload where analysis paralysis or information fatigue syndrome are some
(Edmunds and Morris, 2000). The definitions varies from that it can represent
a subjective experience of failure to process ”high quality” or ”value-added in-
formation” from the large amounts of information possible (Hall and Walton,
2004). Alternatively, the perception of the flow of information associated with
work tasks being greater than one can manage effectively (Wilson, 2001). This
thesis applies the classic definition stated in section 1.3 on page 3.

Similar to the concept’s various names and definitions, multiple sources have
been identified to cause information overload. Ruff (2002) stated that with little
or no information, the individual would, in turn, have little or nothing to process
and consequently, will make poor decisions. More information can lead to better
judgment, but only to a certain point. Beyond this point, the information
will effectively become noise, and reduced decision-quality and various other
dysfunctional behaviors will eventually emerge (Hwang and Lin, 1999).
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Overwhelmed by information

Eppler and Mengis (2002) reviewed literature on information overload across dif-
ferent management disciplines including MIS. The authors found reports high-
lighting that individuals were experiencing symptoms such as loss of control
over information, negative effects on work, reduced efficiency, and reduced pro-
ductivity. Interestingly, a limited amount of research on information overload
within the context of HMIS was identified. Hall and Walton (2004) furthered
this notion when reviewing information overload in health care but emphasized
that the problem has become more apparent for health workers and that the
underlying issues are critical to the health domain. Solutions such as informa-
tion technologies with filter mechanisms were proposed to counter the individual
health worker’s finite processing capabilities.

Wilson (2001) published a paper related to the implications of information over-
load for the health care services and postulated that organizations need to in-
stitute policies on the appropriate use of technology, and the information it
provides, to limit its damaging effects.

Klerings et al. (2015) identified three main factors related to why health care
personnel experience information overload: lack of time, lack of skills to search
effectively, and lack of integration of the information process into the workflow.
As a technological solution, the authors proposed to integrate social media into
the work process to cope with the overwhelming amount of information through
co-operation.

Both individuals and organizations adapt and attempt to deal with this matter
in different ways. Edmunds and Morris (2000) argued that technology is a
tool to reduce information overload, not a driver, and that the key to realizing
it is through improved information literacy. This thought was also somewhat
concluded by Ruff (2002), as he argued that the solution to information overload
is - more information.

Research framework for information overload

Eppler and Mengis (2002) classified five categories of causes and solutions, and
four categories of symptoms related to information overload. As a contribution,
a research framework related to information overload was offered. Ruff (2002)
reiterated this framework and noted that since information overload is a complex
matter, we must recognize the symptoms and admit that it is a serious problem.
Further, that the framework serves as a cyclical measure and reminds us that
no single factor will eliminate the information overload problem. It requires a
continuous cycle of improvement and refinement. An illustration of the research
framework is presented on the next page.
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Figure 3.1: Information overload research framework proposed by Eppler and
Mengis (2002).

The point at which the symptoms are experienced is not fixed. The stage of
which an individual’s or the organization’s capacity is reached is influenced by
factors such as motivation, education, training, organizational design, or the
organization’s specific conducts (ibid.).

3.1.1 Causes of information overload

As shown in Table 3.1 below, multiple instances in organizational settings have
been identified to cause information overload. In the context of this study,
several are relevant that can potentially originate from usage of the dashboard
itself, or related work processes. Ruff (2002) emphasized that although the
concept can be broadly deconstructed into five categories, it is important to
note that information overload is the result of a combination of overlapping
factors. He continued with expanding upon the work of Eppler and Mengis
(2002) with additional causes. I summarize five of each category plausible to
identify through the usage of HMIS and dashboards in developing countries:

Table 3.1: Causes of information overload.

Personal factors: Information characteristics: Task and process
parameters: Organizational design: Information technology:

Limitations in the individual
human information-
processing capacity.

Uncertainty of information. Task interruptions for 
complex tasks.

Lack of standard operating 
procedures.

E-mails.

Inability to maximize
technology and software
functions.

Information quality, value, 
half-life.

Tasks are less routine. Collaborative work. Introduction of more 
technology than is required.

Personal traits (experience, 
skills).

Diversity of information and 
number of alternatives.

Complexity of tasks and 
tasks interdependencies.

No internal communications
strategy.

Overly complex/poorly
designed information
systems.

Decision scope and 
resulting documentation
needs.

Overabundance of
irrelevant information.

Simultaneous input of
information into the
process.

New information and 
communication
technologies.

Vast storage capacity of the
systems.

Creating monotony by 
performing same tasks in 
same way.

Ambiguity of information. Inability to recognize when
the task is complete.

Accumulation of
information to demonstrate
power.

Intranet, extranet, Internet.
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3.1.2 Symptoms of information overload

In order to alleviate these causes, the symptoms must be recognized and coun-
termeasures enforced for us to diminish or at least cope with the emerging issues
(Ruff, 2002). Multiple symptoms can occur and be identified when users are
potentially overwhelmed by the information a health information dashboard can
contain. Four categories of relevant symptoms are classified as follows:

Table 3.2: Symptoms of information overload.

Limited information search and 
retrieval strategies:

Arbitrary information analysis and 
organization: Sub-optimal decisions: Strenuous personal situation:

Search strategies through
information sets become less 
systematic.

Higher time requirements for 
information handling.

Decision accuracy/quality lowered. Greater tolerance of error.

Identification and selection of
relevant information becomes
increasingly difficult.

Lack of critical evaluation. Decision effectiveness lowered. Sense of loss of control leads to 
breakdown in communication.

Limited search direction. Loss of control over information. Inefficient work. Stress, confusion and cognitive
strain.

Move from compensatory search
patterns to non-compensatory
search patterns.

Ignore information and be highly
selective.

Potential paralysis and delay of
decisions.

Demotivation.

3.1.3 Countermeasures for information overload

Multiple countermeasures is further proposed by Eppler and Mengis (2002) and
Ruff (2002), these can be proactive or reactive. For a health information dash-
board to facilitate decision-making towards users situated in developing coun-
tries, countermeasures must alleviate the information load that originates from
the collection of visualizations. As the presentation formats have limitations
in terms of how effective they convey information relative to each user, supple-
mentary aspects can be included. Be it proactive countermeasures in terms of
capacity building to prevent information overload from happening, or reactive in
terms of filtering out information through the dashboard’s interactive features
once it occurs. The relevant countermeasures that this study focused upon are
countermeasures that can be applied through the available features of DHIS2’s
dashboard, or by the users utilizing the application. These are summarized into
five of each category on the next page:
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Table 3.3: Countermeasures for information overload.

Personal factors: Information characteristics: Task and process
parameters: Organizational design: Information technology:

Filter out information. Visualization, the use of
graphs.

Standardize operating 
procedures.

Offer decision-making
models.

Integrate decision support 
systems.

Limit information by not 
thinking more is better.

Brand names for 
information.

Contextualize information
by defining specific, clear
goals.

Standardize
communication.

Intelligent information
management.

Training programs to 
augment information
literacy.

Compress, aggregate, 
categorize and structure
information.

Provide incentives that are
directly related with
decisions.

Prevent broadcasting of
messages to all employees.

Offer technology training.

Improve personal time 
management skills and 
techniques.

Raise quality of information
by defining quality
standards.

Bring decisions to where
information exists.

Coordination by goal 
setting, hierarchy and rules.

Information quality filters.

Systematic priority setting. Simplify functionalities and 
design of products.

Install process enablers for 
cognitive support.

Reduce divergence among
people through
socialization.

Prefer push to pull 
technologies.

To enable its intended purpose of facilitating evidence-based decision-making,
the choice of presentation formats and interactive features are important as-
pects.

Presentation formats and Interactivity

Diamond and Lerch (1992) found through their study on data presentation that
applying graphical formats reduced the effect of experiencing information over-
load compared to text-based. Umanath and Vessey (1994) interestingly found
through their study on cognitive fit theory with different display formats, that
graphical representation reduced the effect of information load, but their results
indicated that decision-accuracy increased when users were exposed with an in-
crease of information load through tabular data.

Inconsistencies in decision-performance for specific tasks when choosing between
different visualizations (e.g., tabular vs. charts) have been identified in previ-
ous research. The inconsistencies suggest that presentation formats and decision
performance are not always influenced by the user’s problem-solving skills, in-
formation processing capabilities, or the format itself (O’Donnell and David,
2000). As such, other aspects of the decision-making environment such as inter-
active feedback have been proposed as valuable directions to study in order to
understand the nature of presentation formats, information load and decision-
making (Saxena and Lamest, 2018).

These empirical findings suggest that the appropriate presentation formats are
somewhat dependant upon the specific user and task. However, to further bal-
ance the information load regardless of the user applying the dashboard; in-
teractive features that encourage data exploration have been proposed. Thus,
multiple causes, as well as various countermeasures, can address the information
overload problem that may emerge when users apply dashboard applications.
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3.2 Dashboard Applications

Dashboards have become increasingly popular, but as mentioned in section 1.2,
clear gaps in the literature have been identified in areas such as the definition
of a dashboard, how managers should design their dashboard and its overall
benefits (Pauwels et al., 2009). Yigitbasioglu and Velcu (2012) argued in their
review of extant literature on dashboards in the organizational setting that,
knowledge towards the extent of their effectiveness is limited in terms of what
type of graphical user interface and visualization format works best for the given
task or user. Moreover, as researchers view dashboards as one of the most useful
analytic tool for decision-making (Negash and Gray, 2008, p.175), there is no
agreement on standardized conceptual features describing what a dashboard
should look like and what it should do. A limited amount of research articles
provides tangible key principles related to dashboard design and guidelines in
terms of how they can be evaluated (Wilbanks and Langford, 2014). The most
notable author who provides such information is Few (2006) in his book for
dashboard design.

3.2.1 Dashboard Literature

The term dashboard originates from the motor vehicle’s dashboard, which dis-
plays the most important status and metrics that the driver needs to know.
The purpose of a dashboard is to efficiently monitor the information needed to
achieve one’s objectives (Few, 2006, p.26).

Definition of a Dashboard

There is multiple definitions of a dashboard, this thesis will apply the defini-
tion stated by Yigitbasioglu and Velcu (2012), which builds upon the definition
offered by Few (2006, p.26):

”A dashboard is a visual and interactive performance tool that dis-
plays on a single screen the most important information to achieve
one or several individual and/or organizational objectives, allowing
the users to identify, explore and communicate problem areas that
need corrective action.”

The authors offered this revised definition as dashboards are becoming more
interactive.

Features of a Dashboard

Two types of design features fit the definition of a dashboard outlined above
(Yigitbasioglu and Velcu, 2012):

• Functional features: Relates indirectly to visualizations, but directly
describes what the dashboard can do.

• Visual features: Refers to the principle of visualizing data, i.e., how
efficiently and effectively information is presented to the user.
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As dashboards are regarded as data-driven decision support systems providing
information in particular formats, they should be evaluated according to their
design features and the way users interact with them to make decisions (ibid.).
Few (2006, p.31) classifies dashboards into three categories in terms of visual
design roles and interactive capabilities:

• Strategic: Provides a high-level overview of the most important metrics
on business performance and predictive measures for the future, with static
snapshots of weekly, monthly or daily measures, with low interactivity and
low context.

• Analytical: Static snapshots but with rich context through comparisons,
showing extensive history. Analytical dashboards should contain drill-
down features to investigate data further.

• Operational: Dynamic context with real-time updates. It applies simple
display media. Often used at manufacturing sites monitoring valves or
assembly lines.

Features in Public Health Dashboards

Previous research in the context of HMIS in developing countries have identi-
fied drill-down capabilities as a key functional feature to balance the information
load (Concannon et al., 2019). Further, filtering mechanisms, and zooming in
on specific visualizations have shown to reduce the chance of becoming over-
whelmed, when interpreting presentation formats visualizing public health in-
dicators. These interactive features can improve the interpretation process by
increasing the user’s information processing power (Zakkar and Sedig, 2017).

Additional functional features that have been proposed to improve the dash-
boards ability to facilitate decision-making is social interaction (Al-Hajj and
Pike, 2013). Interpreting visualizations and translating the knowledge into well-
informed decisions are often performed through social collaboration (Heer and
Agrawala, 2008). The concept of integrating discussion forums to dashboards
have been postulated as a valuable functional feature, as human interpretations
contextualize the visualizations and subsequently deepens understanding (ibid.).

Simple graphical presentation formats have been emphasized as a necessary vi-
sual feature in order to not overwhelm the user with information (Senyoni et al.,
2019; Al-Hajj et al., 2013). Additional information displayed when hovering the
mouse over charts encourage data exploration (Zakkar and Sedig, 2017). By
following simplicity, details on demand through interaction will reduce overall
information load (Concannon et al., 2019). In order to convey simple graphical
formats, visualizations are recommended to possess natural color coding. An
example is to explicitly use green color to indicate good values, red to indicate
bad and yellow for medium (Wilbanks and Langford, 2014).
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To obtain well-designed dashboards, designers are required to work closely with
the dashboard users and adhere to their needs (ibid.). Further, as appropriate
presentation formats vary depending on the task and user, supporting multiple
simple visualization types with color coding can improve the dashboard’s ability
to facilitate decision-making (Dowding et al., 2015).

To a large extent, well-designed dashboards depends upon its visual features
through its visualizations. However, its functional features in terms of inter-
activity are also important when assessing its value. Ultimately, as extant lit-
erature have identified a lack of conceptual frameworks to evaluate dashboard
design; how they can be evaluated depends upon the user, how they interact
with the dashboard and the quality of their decisions.

Common mistakes and usability guidelines

Chrysantina and Sæbø (2019) examined user-designed DHIS2 dashboards that
visualized public health indicators in Indonesia, and defined problem categories
by applying common design mistakes presented by Few (2006). Stephen Few
have worked with information technology in over 25 years, focusing on the prac-
tical use of data visualization that presents quantitative business information.
In Table 3.4 below, the common mistakes and recommendations when designing
dashboards for usability are summarized:

Table 3.4: Stephen Few’s common mistakes and usability guidelines.

Common mistakes: Usability guidelines:

• Providing inadequate context.

• Using poorly designed display media.

• Encoding quantitative data inaccurately.

• Showing excessive detail.

• Highlighting important data ineffectively.

• Using meaningless variety.

• Arranging data poorly.

• Organize information to support its meaning and use.

• Maintain consistency for accurate interpretation.

• Design for use.

• Test design for usability.

3.2.2 Best Practice Guidelines

The literature provides a set of key design features in terms of dashboard func-
tionality. However, guidelines describing dashboard layout and composition are
arguably lacking. To establish a clear picture of what a well-designed dash-
board should look like, I draw forth the best practice guidelines from the top
four most popular Business Intelligence (BI) software vendors. Each vendor had
some common principles on what the designer should look out for. As such, I
will only reiterate the strongly emphasized guidelines as they agree with these
principles while summarizing their unique practices.
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Microsoft: Power BI

Microsoft recognizes that users will scan information from left to right and top
to bottom. The most important visualization should, therefore, be placed at the
dashboard’s top left portion. Important elements should be larger than others
or be included with clear bold text or arrow symbols. White space can help
with sectioning the dashboard and clarify the story that the designer wants to
convey, but it should not dictate the space-availability of the page. Elements
can be aligned symmetrically or asymmetrically, as long as it is done intention-
ally.

At Microsoft, a well-designed dashboard is a page that is stripped of all clut-
ter and unnecessary visual styling objects. This way, information is conveyed
quickly and cohesively, supporting the data-to-ink ratio principle defined by
Tufte (1983). Telling a story is emphasized to draw the user’s attention from
the starting point to the end. This is achievable by adding visual cues, bold
text, borders, and colors. Furthermore, Microsoft states that the use of colors
within the dashboard has shown that a higher contrast between colors increased
the speed of comprehension. Lastly, some level of beauty is recommended as
users will first react emotionally to a web page before logically processing infor-
mation. Unorganized or confusing dashboards may affect cognitive processing
(Microsoft, 2018).

Tableau

Tableau recommends limiting the number of visualizations per dashboard to a
maximum of 3, as too many reduce visual clarity and overloads the user with in-
formation. Instead of adding more than the recommended visualizations, users
should create additional dashboard instances. Further, dashboards with scroll-
bars must be avoided as hidden visualizations make the user think that the
information is unimportant. Designing a dashboard without a scroll-bar will
also help with optimizing performance by reducing the number of network re-
quests performed.

Designers should promote interactivity as it encourages exploration. Filter func-
tions or highlight features that can draw forth given visualizations within dash-
boards will provoke the user to know more and continue with drill-down features.
At Tableau, a well-designed dashboard is one that is well organized, with con-
densed information consisting of summaries and exceptions. The dashboard
is oriented towards its audience and the objective of the story it tries to tell
(Tableau, 2019).

Sisense BI

Sisense BI emphasizes that a good dashboard might look different for any given
user. Nonetheless, it should tell a clear story and provide the relevant infor-
mation in about five seconds. A well-designed dashboard makes the complex
simple. It displays the most significant insights at the upper part of the web
page, trends in the middle, and granular details at the bottom part. A dash-
board should contain no more than 5-9 Visualizations.
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Ideally, a dashboard does not contain a logo or header bar, as this takes up
valuable real estate and will also be processed first by the user. If a logo must
be present with the dashboard, Sisense recommends that it is placed at the
lower right part of the dashboard. Lastly, as a rule of thumb of identifying
a well-designed dashboard, the organization applies a five-second rule: Basic
questions on the most important information must be answerable within 5-7
seconds (Sisense, 2018).

Figure 3.2: Inverted pyramid-scheme originating from journalism and how news
reports structure their articles.

QlikView

QlikView recommends consistency with placements of visualizations; an orga-
nized dashboard will be easier for the eye when processed. The objects should be
aligned horizontally or vertically and be uncluttered with irrelevant information.
Users should not be able to switch between more than ten dashboards. Light
color choices are recommended, emphasizing natural colors for cross-cultural
consistency (Qlikview, 2011).

Summary of best practices

Summarizing the best practice guidelines from the renown BI software vendors;
multiple design guidelines can be taken into consideration. A dashboard should
tell a clear story, by arranging the most important visualizations starting from
the top left and contextualizing the information with bold text or symbols. Users
should be able to retrieve the most important information in about five seconds.
Ideally, no user should be able to switch between 10 dashboard instances. Colors
are recommended to provide visual cues, but unnecessary styling should be left
out to balance the information load. If possible, a dashboard should support
drill-down features and be able to move or hide the header bar and logo.
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3.3 Interpreting Visualized Information

We have established that dashboards can be evaluated according to how users
interact with its functional features, and how effective its visual features present
information to the user. However, how this can be achieved requires knowledge
on the concept of data visualization. After examining user-designed DHIS2
dashboards in Indonesia, Chrysantina and Sæbø (2019) observed poor visual-
ization competence, and noted that knowledge of data visualization was one
of the challenges related to optimal dashboard design. Thus, as dashboards
draw its use from visualizations, applying inappropriate presentation formats
can result in sub-optimal dashboards that can potentially be subject to misin-
terpretation, which affects the outcome of decision-making processes. Further,
the information processing requirements can increase and subsequently produce
information overload to the dashboard user. In the following section, by drawing
upon data visualization and cognitive science, I will define what visualization
is, how humans interact with them, and what concepts that can be applied to
obtain effective visualizations.

Information Visualization

Ward et al. (2015, p.1) defines visualization as ”the communication of infor-
mation using graphical representations.” Spence (2001, p.1) states that visual-
ization is a ”cognitive activity that humans engages in, where the information
process is facilitated by a computer’s visualization tools.” Further, he classifies
visualization into two categories:

• Information visualization: Involves abstract quantities such as baseball
scores, electrical voltages or the number of malaria cases within a country.

• Scientific visualization: Represents something physical such as geo-
graphic images, the flow of water or 3D objects.

Information visualization can be defined as ”the use of computer-supported, in-
teractive, visual representations of abstract data to amplify cognition” (Spence,
2001; Card et al., 1999). In DHIS2’s health information dashboard, decision-
makers interpret abstract quantitative data, meaning that information visual-
ization is the relevant category. This section will, therefore, focus on the theory
and principles of information visualization and will not provide additional de-
tails towards other aspects as it is outside the scope of this thesis.

The definitions outlined above provide insight towards decision-making when
interacting with a health information dashboard. It involves multiple processes,
where a subset is the process of interpreting visual representations in problem-
solving activities through cognition.

Before users interpret a visualization, the raw data are encoded into a graphical
format. This process is performed by a computer and defined as the externaliza-
tion of data (Spence, 2001, p.12). After the externalization, humans browse the
visualization to form an internal model that is based upon experience and pre-
vious knowledge of the visualization. This internal model is thereof interpreted
through perception and cognition.
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Figure 3.3: Simplified overview of the decision-making process (Spence, 2001,
p.99).

3.3.1 Interpretation Process

The interpretation process involves perception and cognition; these processes
are complex and not well-understood (Spence, 2001, p.99). However, if the goal
is to convey information through graphical representations accurately, it is es-
sential that perceptual abilities be considered (Ward et al., 2015, p.35). The
process of visually perceiving information can be divided into two broad cate-
gories overlapping each other: Pre-attentive processing and attentive processing.

Visual perception and Cognition

During the interpretation of externalized information presented by the dash-
board, users will first perform pre-attentive processing (Ward et al., 2015, p.36).
A high-performance subconscious procedure that occurs in the human mind by
identifying differences in, for instance, color, texture, or spatial grouping. Har-
nessing the power of pre-attentive processing when interpreting large amounts
of information through dashboards can be performed by understanding how we
perceive objects. The Gestalt principles are a defined set of laws that attempts
to achieve this. Forsgren (2015) argued in his study on designing dashboards
for managers that the most useful Gestalt laws to follow are:

• Proximity: Objects closer together will be seen as belonging together.

• Enclosure: Objects with a common border or background color will be
seen as grouped.

• Similarity: Objects that are perceived similar will be seen as grouped.
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Figure 3.4: Following Gestalt laws can amplify cognition and balance informa-
tion load.

During the process of perception, the pre-attentive aspect is uncontrolled and
uses working memory. After locating a specific visualization that potentially
shows deviations in its result, attentive processing occurs. It is performed se-
quentially and uses long-term memory (Ward et al., 2015, p.36). Through at-
tentive processing, users will assess the visualized information based on prior
knowledge, experience, and expectations to reflect upon the types of values that
have changed. At this stage, additional instructions or visual cues facilitate how
to arrive at a decision through cognition.

Cognitive processes are highly complex and will not be discussed thoroughly
in this thesis. Decision-making is the last step of the cognitive process, as
noted by Patterson et al. (2014). In their study on cognition and information
visualization, the authors presented a framework for effective interpretation of
information visualization. Briefly summarized, this framework offered a set of
leverage points where the relevant ones include:

• Provide memory cues.

• Minimize distracting information.

• Provide visualizations with strong groupings to minimize the working-
memory’s limitations.

• Aid reasoning with mental models to facilitate the use of long-term mem-
ory.

3.3.2 Visual Cues

Visual cues can be applied to presentation formats to reduce the information
processing requirements during the interpretation process.

Consistency

Ward et al. (2015, p.142) states that visualizations are efficient if the maximum
amount of data is perceived in a minimum amount of time. Further, the au-
thors argue that effective visualization formats require a good balance between
visual complexity and information utility. Repetitive and uniform patterns, as
well as existing knowledge of the objects in the scene, reduce visual complexity.
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Patterns through consistent color coding have shown to improve the process
of interpreting visualizations. Additionally, supportive features to assist visual
perception by guiding the eyes with grid-lines have been argued as both a pos-
itive and negative factor for cognition (Huerta and Jensen, 2017). However,
Tufte (2006) noted that too much or redundant color coding might increase the
complexity and increase the information load. Too much may increase complex-
ity, but color-coded visualizations are recommended as long as it is applied with
a maximum data-to-ink ratio (Tufte, 1983):

(a) (b)

Figure 3.5: Picture (a) Column chart with low data-to-ink ratio. Picture (b)
Column chart with high data-to-ink ratio.

Data-to-ink ratio

The concept of data-to-ink ratio originates from Edward R. Tufte, who is viewed
as one of the most important pioneers and researchers within data visualization.
It involves allocating minimum ink to the information that does not directly
present the data while allocating as much ink as necessary to the actual data.
In Fig 3.5 above, picture (a) is a sub-optimal visualization as the border around
the graph, the background color and the grid-lines are all unnecessary data
ink. While picture (b) maximizes ink to the actual data, and minimum to
the non-data (i.e., the percentile and month labels). Tufte (1983) states that by
following this principle, the viewer’s attention is effectively drawn to interpreting
the intended, which facilitates optimal cognition. It is worth to mention that this
concept has received criticism as a study consisting of 87 students as participants
were provided a graph with low data-to-ink and one with high data-to-ink and
asked which they preferred. The majority of students did not prefer the graph
with high data-to-ink that followed Tufte’s principles (Inbar et al., 2007).

3.3.3 Data visualization in public health

Health information dashboards mainly consist of collections of indicator-based
visualizations. This section provides recommendations on data visualization
offered by WHO and United Nations (UN).
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Recommendations from WHO

WHO have published best practices for data visualization and dashboard de-
sign specifically for DHIS2. The organization emphasizes that HMIS are largely
data-rich but information-poor without effectively communicating the evidence
by presenting a story to the user. In addition to dashboard design, standardized
guidelines for creating indicator-based formulas are provided. To facilitate in-
terpretations that can be translated into knowledge, recommended presentation
formats are presented1:

Figure 3.6: WHO’s recommended presentation formats.

Further, ten key rules for presenting visualized information have been published.
Relevant information for the health information dashboard is summarized and
paraphrased as follows:

• Every visualization needs a caption, specify months and year on reports.

• Pie charts: Useful for depicting the rations of a whole.

• Tables: Useful for precise analysis, but difficult to interpret for the user.

• Maps: Useful for quick assessment for regional disparities in key indicators.

• Line charts: Useful for showing a trend over time.

1See WHO guidelines for analysis and use of data: https://www.who.int/healthinfo/
FacilityAnalysis_GeneralPrinciples.pdf
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Recommendations from United Nations

UN provides a guide for visualizing health data in a meaningful way that target
the audience2. This section provides a brief summary.

UN emphasizes in their checklist for designing useful visualizations that the
target group must be considered. Different presentation forms may be needed
for different audiences. The format chosen for the dashboard must be considered
if it should be the focal point. The designer should also not rely on color
alone; the presentation format should be understandable if no color is present.
The dashboard must also be consistent. Colleagues or end-users should test
visualizations in case of misinterpretation occurring.

• Well-designed table: Consist of table title, column headers, row stubs,
footnote, and a source line.

• A well-designed chart: Grabs the reader’s attention, presents informa-
tion simply, clearly and accurately. It does not mislead and displays data
in a concentrated manner (i.e., line chart). It facilitates data comparisons
and highlights differences and trends while illustrating messages, themes
or storylines in the accompanying text.

3.4 Design guidelines for
Health Information Dashboards

In this section, I will draw upon findings from the literature review and provide
my recommendations for dashboard design. The recommendations will be based
upon my understanding of the health information dashboard, its use-cases, and
applicable features that fit the nature of the application.

3.4.1 Proposed Functional Features

Health information dashboards can be evaluated in terms of how users inter-
act with them to make decisions through their functional and visual features.
This implies that a well-designed dashboard may vary depending upon the user.
Decision-makers use the application at various levels of the health system’s hier-
archy (e.g., national, province, district) with varying skill-sets, but also different
needs on the data and its details (AbouZahr and Boerma, 2005). At the higher
levels, strategic dashboards with low interactivity are suitable, while at the lower
levels, analytical dashboards are more appropriate. This suggests that a health
information dashboard must cater to different requirements.

2See UN’s guidelines for data visualization: http://www.unece.org/fileadmin/DAM/stats/
documents/writing/MDM_Part2_English.pdf
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Given that the appropriate presentation format largely depends upon the user
and the task, suggest that enabling toggling between multiple presentation for-
mats should be supported. Excessive components or styling should not be
present within the dashboard. Simple graphical representations are recom-
mended as the application can potentially contain large amounts of visualiza-
tions. Offering simplicity with intuitive color coding will reduce the chance of
overwhelming the user.

Drill-down features, details on demand and additional filtering should be sup-
ported if the users are required to examine the values more closely, this is more
likely to be true at the lower strategic levels. Spacing and grouping to harness
visual perception through the Gestalt principles are necessary to balance infor-
mation load. Zooming capability that enables users to focus the visualization
and increase its size will assist attentive processing on trouble areas. Lastly, as
too much interactive feedback will increase the information load, a dashboard
should have limited capabilities in terms of functional features. However, what
a dashboard should do depends largely upon its user-base. This means that
defining functional features requires the designer to engage in discussion with
the end-users.

Upon finishing the review from literature and best practice guidelines related
to dashboards, I conclude that a basis for essential functional features, where
additional capabilities depend upon the users’ needs, are:

• Ability to switch between presentation formats.

• Drill-down and filter features.

• Focus capability to expand and increase a visualization’s size.

• Re-arrangement capabilities.

• Zooming capability to focus on specific visualizations.

• Possibility to contextualize information through dashboard titles and de-
scriptive labels.

• Spacing and grouping capabilities.

• Display a warning when users attempt to add more than ten visualizations.

The renown BI software vendors, as well as Few (2006, p.42) recommends that
dashboards should not contain a scroll-bar. However, taking into account the
vast amounts of health statistics that can potentially be categorized into dif-
ferent granular parts of an entire country, dashboards without a scroll-bar will
often not be achievable. Further, as a user should not be able to manage more
than ten dashboard instances, dividing these visualizations is somewhat impos-
sible should an organization have limited human resources. Lastly, my proposal
of ten visualizations as a maximum is taken from WHO’s recommendation for
HIV dashboards for national coverage.
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3.4.2 Proposed Visual Features

A well-designed dashboard conveys a story to the user; this is achieved through
its functional features as well as its visual features such as descriptive labeling.
A user should be able to retrieve important information within five seconds.
Further, the story should be interpreted from top left to bottom right, guiding
the user’s cognitive processes through visual cues.

The visual features of the presentation formats should contain high data-to-ink
ratio, grid-lines, and follow consistent color coding. If possible, tooltips should
further explain the values when hovering the mouse over a visualization. To
balance interactive feedback; a delay in displaying the tooltips can be imple-
mented. The colors used should be natural, but the visualizations should be
able to be interpreted correctly without the use of colors as well.

Upon finishing the review from literature and best practice guidelines, I argue
that essential visual features are:

• Intuitive color coding with natural properties.

• Maximized data-to-ink ratio.

• Simple presentation format.

• Low amount of excessive clutter and styling.

• Grid-lines.

• Title and description for improved context.

• Tool tip capability when hovering the mouse over a visualization’s value
for detailed information.

3.4.3 Visualizing Information

Few (2006, p.102) states that the correct display medium will always be based
on the nature of information, nature of the message, and needs and preference
of the audience. Spence (2001, p.12) noted that humans form an internal model
when interpreting the externalization. Further, he identifies short-term memory
and working-memory as limitations of the cognitive process. I would argue that
the challenge of achieving an effective visualization lies with the different user’s
knowledge of data literacy and cognitive abilities. This is where the standardized
decision templates and integrated discussion forum could serve as a powerful tool
for users situated in developing countries.

Assist perception and cognition with decision rules

In terms of visual perception, attentive processing can benefit from assigning
goals and decision rules to specific visualizations as memory cues. Ward et al.
(2015, p.412) notes that additional information like labels are essential for ef-
fective interpretation. During the interpretation process, decision-makers could
potentially reduce the complexity of the cognitive process to arrive at a possi-
ble decision. This will subsequently reduce information processing requirements
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and reduce the users’ chance of experiencing information overload. I would ar-
gue that standardized decision templates are valuable, as long as the proposed
actions have been defined thoroughly. In developing countries, there exist mul-
tiple factors that could affect the visualizations values. Blindly following the
proposed decisions could cause a negative impact if the performance decrease is
caused by other factors not defined by the decision templates.

To achieve useful visualizations, Tufte (1983) argues that high data-to-ink ratio
must be applied. However, as it exists, studies that contradict this concept
implies that defining clear guidelines that fit every type of user and task is
challenging. This argument could also be strengthened by the field’s different
opinion on color-coded visualizations (Dowding et al., 2015; Tufte, 1983; Inbar
et al., 2007). At least, a rule that should always be followed is thorough re-
search of the dashboard users and the audience that will ultimately interpret
the visualizations and interact with the application.

Enable collaborative interpretations

Interpreting the information and translating it into well-informed decisions are
often performed, and improved, through co-operation and social activities (Braa
et al., 2012; Heer and Agrawala, 2008; Al-Hajj and Pike, 2013). The health in-
formation dashboard’s integrated discussion forum could serve as a tool to aid
memory through visible documentation of previous occurrences and updates.
Further, it can assist decision-making through social interaction and collabo-
ration. As such, I argue that strengthening the dashboard with a discussion
forum surely has the potential to improve decision-making, while also reducing
information processing requirements.

Recommended use-cases

As previous research has identified poor visualization competency as a constrain-
ing factor for optimal dashboards (Chrysantina and Sæbø, 2019), knowledge on
appropriate presentation formats for the given task is essential. Before ending
this chapter with a summary, recommended use-cases for DHIS2’s presentation
formats are provided.

• Bar charts have values displayed in a thick horizontal line. Along with
column and line chart, it is one of the most common visualizations used
in dashboards and has its best use-case when looking at a specific value
across a nominal or ordinal scale (e.g., organization units) (Few, 2006,
p.113).

Figure 3.7: A simple horizontal bar chart.
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• Line charts are commonly used and recommended when showing per-
formance trends over time or other interval scales with intrinsic order. It
facilitates high data-to-ink ratio, reduces visual clutter in its simplicity
and is therefore suitable to be used in a dashboard.

Figure 3.8: A simple line chart.

• Pivot tables are processed sequentially and have both positive and neg-
ative use cases. Tabular data is best used in dashboards with visual cues
that can indicate performance increase or decrease to amplify pre-attentive
processing. In DHIS2, this can be achieved by applying legends.

Figure 3.9: A text based pivot table without legends.

• Gauge charts are best used in the dashboard with additional visual cues
to contextualize the current value further. This involve providing context
that can compare the value and describe if the performance are good or
bad.

(a)
(b)

Figure 3.10: Picture (a) displays a sub-optimal visualized gauge. Picture (b)
displays a suitable gauge.

• Column charts is applied when the user wants to compare similar data
across categories. Stacked column, and stacked bar charts are best used
when comparing multiple values or categories to illustrate correlation. The
visualization is recommended to use within a dashboard if it applies high
data-to-ink ratio and consistent color coding. However, Few (2006, p.116)
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notes that stacked charts should not be used to display single series of
part-to-whole data. UN stresses caution with applying stacked column
chart with multiple items as it will be difficult to interpret the differences.
A common column chart can replace stacked charts.

Figure 3.11: A column chart (left), an stacked column chart (right).

• Area charts are not suitable to use with the dashboard as it occludes the
values, hides supportive grid-lines and are visually challenging to interpret
due to its utilization of data-to-ink ratio.

Figure 3.12: An Area chart.

• Pie charts are best used when the user wants to see what contributes to
a whole, but is not recommended when applying more than three rations.
It is noteworthy to mention that Few (2006, p.47) as well as the top BI
vendors recommend users to apply a different visualization (e.g. column
chart) rather than pie charts in dashboards, as the rations may confuse
the user while it also is sub-optimal to visualize quantitative data.

(a)
(b)

Figure 3.13: Picture (a) displays a badly visualized pie chart. Picture (b)
displays a suitable pie chart.

• Radar & Spider Charts is not recommended to be used with the dash-
board as it facilitates poor pre-attentive processing capabilities, requiring
users to process the values thoroughly through attentive processing. It is
only recommended using this visualization when the categorical scale is
related to hours within a day as it can resemble a clock. A bar or column
chart is more suitable in most occurrences.
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Figure 3.14: A radar/spider chart.

• Geographic Map is recommended to be used with the dashboard. The
presentation format should be applied with legends to assist pre-attentive
processing during interpretation.

Figure 3.15: A geographic map with data points and legends.

3.5 Summary

Information overload can be caused by multiple factors in the organizational
setting (e.g., personal factors, organizational design, or the characteristics of
the information). The point at which it occurs is not fixed and varies relative
to the individual. Multiple symptoms have been identified, as well as poten-
tial countermeasures to cope with the information required to be processed.
These countermeasures can be proactive or reactive. It involves measures such
as standardized operating procedures, capacity building, or integrating infor-
mation technologies such as dashboards. However, poorly designed dashboards
will, in turn, make the application act as a source of overload. It is important
to note that information overload occurs from several sources. Meaning that
multiple factors within a dashboard can produce information overload, but also
multiple factors within the organizational setting.

Dashboards can be evaluated according to their functional features, visual fea-
tures, and how users interact with the application. It should facilitate filtering
and drill-down features to balance information load and encourage data explo-
ration. Given the nature of information overload, a well-designed dashboard
is only achievable through a cycle of refining and adjustments should they be
perceived as overwhelming. Further, as the dashboard draws its use from pre-
senting visualized information, knowledge on data visualization is required in
order to apply appropriate presentation formats.
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To provide visualizations that can be interpreted effectively through a health
information dashboard, simple graphical representations are required. Visual
cues should be facilitated that improve pre-attentive processing. High data-to-
ink ratio will help users focus on the intended data that will be interpreted, while
grid-lines will assist further. Color coding and grid-lines can help with reducing
the visual complexity, but also increase the information load. To maintain a
balance, consistency, and some degree of interactivity will reduce the chance of
overwhelming the user.
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Chapter 4

Research Methodology

The purpose of this chapter is to introduce the research approach and research
methodology. First, the goal of the study is reiterated with applicable research
methods, along with my reasoning behind the chosen method. Thereof, an
overview of the research phase is given, before continuing with how the data
collection and analysis were performed. The chapter ends with a reflection on
the limitations of the applied research method.

4.1 Research Approach

4.1.1 The Goal: Insight and Understanding

The goal of the study was to gain insight on essential features and design a
health information dashboard must facilitate to maintain a balance between
information load and information use. To reach this goal; the following re-
search question was asked: ”What essential features must a health information
dashboard facilitate to enable evidence-based decision-making, without causing
information overload?”. A quantitative, qualitative, or mixed approach could
potentially help gain understanding to answer the question. Quantitative re-
search focuses on examining the relationship among variables, primarily through
real numbers and statistics (Creswell, 2014, p.32). Qualitative research focuses
on exploring and understanding the meaning that individuals or groups ascribe
to a social or human problem. Mixed methods combine both approaches to
provide a more complete understanding of the research problem than either ap-
proach alone (ibid., p.32).

The benefits of adopting a quantitative approach could involve improved abil-
ity to generalize theory, with consistent and precise results. However, a purely
quantitative approach could potentially limit my ability to contextualize social
characteristics involving the different ways users interact with the dashboard
during the decision-making process. Further, as users can experience informa-
tion overload at different points suggested that omitting subjective feedback
could potentially lead to insufficient understanding. A qualitative approach
would have strengths towards capturing the context of the information overload
problem and offer multiple data collection methods that could provide more
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detailed information and reduce misinterpretation. Whereas limitations of a
qualitative approach involve a reduced possibility to generalize theory.

As DHIS2’s dashboard are applied by users with varied skill-sets, I argue that a
qualitative approach was well suited to capture the social and technical aspect
and ultimately answer the research question. The social aspect would involve
the different approaches users applied to interpret visualizations, enforce deci-
sions, and their individual information processing capabilities. The technical
aspect would involve the features that the dashboard offered and their ability
to balance information load during the decision-making process.

As mentioned in section 3.2.1 on page 27, dashboards can be evaluated in terms
of how users interact with the application to make decisions (Yigitbasioglu and
Velcu, 2012). This argument implied that observations on how PSI utilized the
dashboard would provide results to assess potential limitations and improve-
ments. As such, in-context research that focused on the different dashboard
users was called for. Given that multiple factors within the organizational set-
ting can cause information overload suggests that the scope can potentially
become large. To limit the scope down to manageable parameters; the study
focused at causes and symptoms of information overload mentioned in section
3.1 on pages 23-25, and countermeasures applied with the dashboard (i.e., filter
mechanism, decision templates, and discussion forum).

Qualitative case studies

Yin (1994) notes that case studies are applicable when control over behavioral
events is not needed and where there is focus on contemporary events. Denzin
and Lincoln (2000, pp.443-450) states in their handbook of case studies that,
the context of a given case which the researcher chooses to study, does not define
whether or not it being qualitative or quantitative. Rather, it is the data the
researcher gathers from the results that ultimately defines a study as quantita-
tive or qualitative.

Qualitative case studies are characterized by researchers spending extended time
on site, in contact with activities and operations while reflecting upon it. It em-
phasizes experiential knowledge as data sources, involving subjective feedback
from the research subjects. These arguments suggested that by collecting expe-
riential knowledge and feedback from the different dashboard users would help
ensure that the results were of qualitative nature. Additionally, the study’s
fieldwork duration would span one month such that I spent extended time on
site.

4.1.2 The applied methodology: Action Case

Braa and Vidgen (1999) argues that IS research methods can be broadly catego-
rized into two parts, namely positivist and interpretivist. The positivist assumes
that the phenomenon can be observed objectively and with detail through re-
duction and minimal intervention to maximize predictability.
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Walsham (2006) notes that interpretive studies aim at ”...producing an under-
standing of the context of the information system, and the process whereby the
information system influences and is influenced by the context.”

To answer the research question, the study focused upon gaining understanding
through observations and retrieving subjective feedback, with potential inter-
ventions through small changes to the dashboard layouts. With an emphasis on
observation without continuously changing the dashboard design, users could
familiarize themselves with the layout. By not interfering with the natural set-
ting, observing that symptoms such as loss of control over information was a
cause of information overload, and not as a cause of users having to familiarize
themselves with the design, could become more plausible. Additionally, as I
worked with further development of the dashboard application, my interpreta-
tions would be based on prior technical knowledge in addition to findings from
the literature. Thus, I argue that the action case was a fitting framework to
adopt while conducting the qualitative case study. It is a hybrid IS research
method that crosses the intended outcome between an interpretive and inter-
vention approach, with emphasis on collecting data to offer insight towards a
situation. The action case uses components from the cyclical action research
method for desired changes, and participative case study to provide understand-
ing of the research question in an organizational context (Braa and Vidgen,
1999). One advantage of adopting an action case methodology with minimal
interventions include active participation in the workplace, without affecting the
natural setting to the same extent as action research. Fig 4.1 below illustrates
the intended outcome of methods applicable for IS research. As the study’s
context involved features that were well integrated with the dashboard and the
health organization’s work processes, meant that implementing a prototype or
following the action research cycle with continuous changes, could mean that
users required longer time to familiarize themselves with the dashboards.

Figure 4.1: IS research triangle with intended outcome (ibid.).

A focus group experiment was also performed similarly to a field experiment
approach. This involved observing a group of dashboard users that did not
use the decision templates and discussion forums. The experiment was per-
formed to observe potential differences in the decision-making process related
to information overload to gain insight on the potential value they added.
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4.2 Research Phase

Meeting with PSI: Feedback from users

Before the action case study, an exploratory visit was initiated to PSI’s global
offices in Nairobi, Kenya, through a five-day stay from 21.05.18 to 26.05.18. I
took part in meetings where PSI’s global director described how the health in-
formation dashboard was applied in their work processes. At this stage, initial
interviews with dashboard users were conducted to retrieve feedback on chal-
lenges, limitations, and potential improvements. The feedback served as a basis
for my implementation changes, which were mainly related to the discussion
forums.

Before returning from Kenya, PSI, me and my supervisor concluded to build
my research around the value the decision templates and discussion forums of-
fered, to explore their effect on dashboard-use and information overload. Upon
my return, I was granted access to the health organization’s DHIS2 instance to
assess their dashboards and create my own dashboard instances.

As the applied research method would involve performing small interventions
on the decision-makers’ dashboards; literature related to dashboard design was
reviewed. Given that PSI had designed their dashboard layouts themselves,
a chance of them not following recommended design guidelines was plausible.
However, if I was to intervene with actions that could improve the situation,
they were required to be based upon established principles. This formed the
start of my literature review.

Literature review

Literature related to dashboards were collected and reviewed by querying Google
scholar with the keyword strings ”Dashboard design,” ”HMIS dashboard,” ”Dash-
board review,” ”Public health dashboards” and ”Dashboard developing coun-
tries.” Scholarly articles consisted primarily of guidelines related to dashboard
implementation. There was a limited amount of research articles that investi-
gated design guidelines or the effect of dashboard-use or within the context of
HMIS in developing countries. Due to lack of research papers closely related
to my context, I expanded my literature review to include dashboards applied
within health care or MISs.

As health information dashboards draw its use from presenting visualized infor-
mation required knowledge on what type of presentation format was appropriate
for a given task. The literature on the concept of data visualization was collected
by querying Google scholar with the keyword strings ”Public health data visu-
alization,” ”Information visualization,” and ”Visual analytics public health.” I
limited my review on research papers and scholarly books involving studies on
information visualization, and presentation formats that visualized quantitative
data.
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Lastly, I investigated literature on information overload to identify potential
causes and solutions. Google scholar was queried with the keyword strings
”Information overload dashboard,” ”Information overload HMIS,” and ”Infor-
mation overload public health.” Through the review of this stream of literature,
I found that multiple authors argued that minimal research had been conducted
within public health or HMIS (Hall and Walton, 2004; Eppler and Mengis, 2002).
The interdisciplinary study from Eppler and Mengis (2002) was primarily used
as the authors offered a research framework and had categorized factors that
could be related to the effect of applying dashboards with large amounts of
information.

Public database search of renown BI vendors

The literature offered a small handful of research papers on dashboard design.
To further improve my understanding, an extensive Google search for renown
BI software vendors was performed. I queried Google with the strings ”Top
visualization tools,” ”Top business intelligence performance tool,” and ”Top
performance dashboard vendors.” The results provided public review and user-
stories, ranging from specific or collective reviews of software vendors. From
the results, I noted the frequency of each vendor on the first three tabs, where
one tab contained ten matches. The four vendors with the highest frequency
from the three tabs were the ones I investigated further, by retrieving their
documentation on best practice guidelines and recommendations for dashboard
design and usage.

4.3 Data Collection

There were several instances of data collection from multiple sources during
the thesis progression used for triangulation. Triangulation is a process of using
multiple perceptions to clarify meaning, verifying repeatability of an observation
and reduce the chance of misinterpretation (Denzin and Lincoln, 2000, p.454).
The empirical basis of the study consisted of documentation, observations, in-
terviews, and surveys.

4.3.1 Layout composition of user-designed dashboards

Data was collected from the health organization’s DHIS2 instance related to
their dashboard design. Specifically, the number of dashboard instances that
were used for the HIV and male circumcision health program was documented.
Within each dashboard instance, the number of visualizations along with the
type of presentation formats was noted, while also assessing the usage of decision
templates and discussion forums. A similar approach had been performed by
Chrysantina and Sæbø (2019), to examine user-designed DHIS2 dashboards in
Indonesia. Their work was adopted as a conceptual framework to analyze the
dashboards. I categorized dimensions relevant to the study and how PSI applied
the health information dashboard.
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To summarize, the following dimensions within each dashboard instance were
assessed:

• Administrative level (e.g. national, province, district).

• Number of standardized decision templates defined.

• Number of discussion forums used (i.e more than 0 comments posted).

• Number of presentation formats.

• Type of presentation formats.

• Captured period range of visualizations (fixed and relative).

The results were later reflected upon and discussed in terms of dashboard com-
position after receiving feedback from the users in Zimbabwe. The specific
findings are provided in chapter 5 and further discussed in chapter 6.

4.3.2 Field Work

The case study in Harare, Zimbabwe, lasted one month from 15.01.19 to 16.02.19.
As access to PSI’s DHIS2 instance had been granted, modified dashboards were
prepared. The dashboards were based on design principles from literature and
best practice guidelines from the top four BI software vendors. Before the ac-
tion case study, the health organization and their dashboard users had been in-
formed and contributed to users’ preference for the modified dashboard design.
Four users were assigned as my test subjects such that I could sit in the same
office room and observe their work processes related to evidence-based decision-
making and how they interacted with the health information dashboard.

After communicating the preferred design layout, the composition largely re-
mained the same, but each dashboard had a reduced amount of visualizations.
Following my proposed recommendations after reviewing the literature, I sug-
gested a maximum amount of ten visualizations per dashboard. This was in-
creased to 15 per users’ requests during the case study. Additionally, a spacer
item on each row was applied to group related visualizations according to Gestalt
principles. An illustration of the dashboard design is presented on the next page.
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Figure 4.2: Illustration of modified dashboard design.

Observation

Crang and Cook (2007) notes two types of observation: Passive, or detached
observation, and participatory observation. With passive observation, the re-
searcher aims to not interfere with the test subjects by observing from a distance.
In participatory observation, the researcher takes part and work among the test
subjects’ workplace.

During the action case study, participatory observation of the users’ work pro-
cesses and their interaction with the dashboard and visualization tools were
performed. The observations involved duplicating the users’ computer screen
to a TV which I monitored. Instead of, for instance, sitting directly behind the
user, this particular observation mode was performed in an attempt to reduce
the chance of affecting the natural setting. The small interventions consisted of
modifying the dashboard design, such as reducing the number of visualizations
or changing the type of presentation formats, which were justified by feedback
from the users. The feedback was thereafter documented and used for analy-
sis. Primarily, data collection through the action case study originated from
participatory observation with the dashboard users without performing any in-
terventions.
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Figure 4.3: The DHIS2 dashboard users duplicated their computer screen.

Interview and surveys

In addition to observations; surveys and informal interviews were initiated at
the end of each week. Interviews can be categorized into structured, semi-
unstructured, or unstructured (DiCicco-Bloom and Crabtree, 2006), and is a key
way to access interpretations of informants in the field (Walsham, 2006). The
interview and survey questions for this study followed an unstructured scheme to
provide qualitative answers through guided conversations. As Braa and Vidgen
(1999) states: ”Surveys can also be designed to collect qualitative data and be
analyzed using idiographic methods, placing them in the understanding/interpre-
tation area of the IS research framework.” To ensure that the surveys followed
idiographic methods, questions were structured such that users answered sub-
jectively, based on personal experience. Some examples of the questions asked
are:

• How does the decision templates reduce your information processing re-
quirements?

• What type of presentation format do you prefer?

• How does the discussion forum help you with decision-making?

• When do you perceive dashboards as overwhelming?

Focus Groups

In week three, dashboard users were assigned into focus groups. This experi-
ment was conducted to observe any differential value of applying the decision
templates and discussion forum with DHIS2 applications. The three groups
consisted of four persons in total and were divided as follows:
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• Group 1: Applied DHIS2 applications with the support of standardized
decision templates and discussion forums (1 person).

• Group 2: Did not apply decision templates and discussion forums with
DHIS2 applications (1 person).

• Group 3: Control group with no interventions or any changes with cur-
rent work processes (2 persons).

Group 1 and 3 focused on the HIV program, while group 2 focused on the male
circumcision program which included more collaboration and communication,
due to the size of the program. These users, in turn, communicated with other
DHIS2 users according to their assigned instructions. As a result, other commu-
nication medium was used for group 2 (i.e., e-mail or phone) while also requiring
to interpret visualizations and arrive at a decision without assisting themselves
with the decision templates. The control group did not apply modified dash-
boards with reduced number of visualizations or spacing items. While observing
the different groups, field notes were used to document notable incidents such
as information overload symptoms in search patterns, processing time require-
ments, and decision-making with or without decision templates and discussion
forums.

Field Notes

In addition to observing how the users interacted with the dashboard applica-
tion, field notes were taken continuously. This included field notes from meetings
in Nairobi, Kenya, and Harare, Zimbabwe. The field notes were reflected upon
several times during and after the case study. This provided a deeper context
to the data collected through observations and feedback from the test subjects’
experiences with the action case study.

4.3.3 Meetings and E-mail

E-mail was used to communicate with the health organization as well as col-
lecting data. PSI forwarded documentation on how the standardized decision
templates were defined and used. Several meetings throughout the thesis pro-
gression were also conducted. These meetings provided technical and adminis-
trative information on PSI’s DHIS2 instance and work processes. Both meetings
and e-mails were used to communicate my intentions with the dashboard design
and the goal of the study in Zimbabwe. Table 4.1 on the next page provides a
summary of the data sources and data collection methods.
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Table 4.1: Summary of data collection methods.

Data collection methods: Description:

Surveys & Interview
• 4 Unstructured interviews (8 participants).

• 2 Surveys (8 participants).

Field notes • Documented incidents from participatory observation and feedback.

Meetings

• 2 Meetings in Nairobi, Kenya, related to PSI’s usage of DHIS2.

• 3 Meetings in Harare, Zimbabwe, related to strategic planning and 

decision-making.

• 2 Skype meetings with PSI global offices.

• 2 Skype meetings with PSI Zimbabwe.

• 8 E-mails exchanged with PSI global offices, related to decision

templates and access to DHIS2 instance.

• 11 E-mails exchanged with PSI Zimbabwe, related to decision

templates and preferred dashboard design.

Focus groups • 2 Out of 4 weeks (4 participants).

Dashboard composition
• Male circumcision program: 64 dashboard instances.

• HIV Program: 17 dashboard instances.

4.4 Data Analysis

4.4.1 Analysis of User-designed Dashboards

All dashboard instances within the HIV program and male circumcision program
were quantitatively analyzed. The intention was to use the results for triangu-
lation with the empirical evidence gathered from the field. The results offered
an indication of the typical amount of visualizations that a health information
dashboard contains when monitoring health programs. Further, it offered in-
sight towards how often the decision templates were defined as well as how often
the discussion forums were used at the different levels of the health system. In
terms of presentation formats, it illuminated what type of visualization that
was commonly applied based on the frequency. The assessed dimensions are
specified in section 4.3.1.

The qualitative analysis was performed on two dashboards in each respective
health program that users pointed out as overwhelming during the case study.
The dashboard instances were evaluated by taking common design mistakes
identified through the literature review into account. In addition to applying
design principles from extant literature, user feedback and observations were
taken into consideration. For instance, charts applying fixed periods without
visualizing the recent or relevant months were considered sub-optimal, along
with visualizations with misleading labels, or line charts visualizing data not in
an interval scale. The evaluation was performed with respect for users’ prefer-
ence in four steps:
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1. Compare the dashboard’s arrangement with similar levels (e.g. national,
province, district).

2. Evaluate the configuration of visualizations (e.g. indicators, target line).

3. Evaluate the applied visualization types (e.g. formats, configured periods).

4. Evaluate visual cues (e.g. labels, decision templates, excess visual clutter).

Similar to Chrysantina and Sæbø (2019), the results were ultimately categorized
into problem categories. However, these categories were slightly modified to
capture limitations from DHIS2’s dashboard as well as potential design mistakes:

Table 4.2: Qualitative analysis problem categories.

Problem category: Description:

Dashboard design

Problems with dashboard layout of similar instances such as 
inconsistent placement. Or exceeding the amount of
visualizations based on users’ preference.

Visualization technique problem

Problems related to inconsistent configuration of
presentation formats. Or visualizations with misleading
labels.

Data quality problem
Problems related to dashboards containing visualizations
with incomplete or no data at all.

Dashboard limitations
Problems related to limitations of the dashboard due to lack
of features.

4.4.2 Thematic Analysis

Thematic analysis is a foundational method for qualitative analysis and serves
as a flexible tool to identify patterns and themes (Braun and Clarke, 2006).
Either through an inductive or a deductive approach. Inductive analysis tends
to be data-driven and involves coding collected data without trying to fit it
into a pre-existing coding frame. Deductive analysis tends to be analyst driven
and involves coding data for a specific research question with a pre-existing
coding frame. Coding of themes is a subjective process to some extent, as the
researchers choose concepts to focus on (Walsham, 2006).

Before the case study, themes were defined after reviewing literature. As the
usage of decision templates and discussion forums could be viewed as potential
countermeasures for information overload, some assumptions were taken into
account. Additionally, themes for dashboard design and dashboard limitations
were created that potential findings could be categorized into. Thus, particular
questions during the unstructured interviews, surveys, and feedback were aimed
to capture these themes. With this approach, the thematic analysis followed a
deductive manner. This particular form of analysis can provide a more detailed
analysis of particular aspects but reduces the ability to make rich descriptions
of the overall data (Braun and Clarke, 2006).
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Qualitative data analysis ideally coincides with data collection (DiCicco-Bloom
and Crabtree, 2006). During the case study, field notes were reflected upon
and initially labeled according to the themes. After the case study, field notes
were re-read and reviewed. When performing the data analysis, the research
framework proposed by Eppler and Mengis (2002) was applied as a lens to eval-
uate the dashboard application through the users’ interactions related to each
defined theme. The framework shown in Fig 4.4 below categorizes causes orig-
inating from factors in the organizational setting, that can produce observable
symptoms. Identifying the symptoms calls for countermeasures that in turn,
can alleviate the causes. For instance, filtering information can alleviate causes
originating from the information characteristics, tasks and processes, or personal
factors.

Figure 4.4: Cyclical nature of causes, symptoms and countermeasures of infor-
mation overload (ibid.).

To see if, for instance, a reduction on the number of visualizations per dashboard
alleviated the symptom loss of control over information, key findings related to
dashboard design was noted. Usage of the decision templates and discussion
forums was also noted in terms of their value of improving the dashboard’s
ability to facilitate evidence-based decision-making. An overview of the main
findings is presented on the next page:
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Table 4.3: Thematic analysis of qualitative data.

Categories: Main findings: Description:

Dashboard design

• Inconsistent arrangement.

• Initial impression affects information load.

• Upper limit of visualizations.

• Arrangement of most important visualizaitons
should be consistent.

• Dashboards initially displaying crowded numeric
values overwhelmed the user.

• Upper limit of maximum amount of
visualizations reported to be 15.

Information characteristics
• Dashboards with partial data. • Visualizations exhibiting incompleteness, or 

displaying no data at all resulted in increasing
the chance of experiencing information
overload.

Standardized decision templates
• Inconsistent availability reduced its value. • Standardizing decision-making processes is 

difficult to realize when procedures are not 
always defined.

Integrated discussion forums

• Lack of functionality reduced its value.

• Inappropriate use increases information load.

• Not receiving notifications resulted in users
moving back to traditional communication
streams.

• Irrelevant updates increased information
processing requirements.

Presentation formats

• Simple presentation formats are preferred.

• Tabular data is sub-optimal in dashboard.

• Line charts and column charts are primarily
preferred. Toggling between these formats was
highly requested.

• Tabular data was considered an appropriate
format for dashboard as long as it applied
legends.

Dashboard limitations

• Lack of interactivity.

• Sub-optimal filtering.

• Not supporting drill-down features resulted in 
users not applying the dashboard.

• Current filter mechanism did not remove
irrelevant information.

4.5 Limitations with applied method

Applying a methodology towards the change/understanding direction of the IS
research frameworks presented by Braa and Vidgen (1999), such as the action
case study, will often translate into qualitative methodologies. Qualitative case
studies can produce limitations that may affect the results.

Generalizing findings from context-specific study

Empiric generalization of the results can be difficult as the findings will come
from context-specific situations and personal opinions. However, Greenwood
and Levin (1998) argued that general laws must apply to particular cases. As
such, the study’s particular case could potentially verify the general laws that
may emerge or have already emerged related to the use of interactive dash-
boards and experiences of information overload. The findings could nonetheless
be considered valuable as empirical generalization must take context into ac-
count in order to improve general theory, related to both dashboard design and
information overload.
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Identifying information overload through decision-making

The applied lens proposed by Eppler and Mengis (2002) encompasses a broad
aspect of the organizational setting. Empirical evidence from observation of po-
tential information overload sources identified from the dashboard may result in
originating from a different source than noted. Observing information overload
by assessing the decision-making process is a challenging task. To illustrate the
complex nature of how the use of HMIS affects decision-making, I draw forth
the process illustrated by Lippeveld et al. (2000, p.37):

Figure 4.5: Variables of the decision-making process (ibid.).

The decision-making process includes variables that interact in the mind of the
decision-maker, involving mental processes that cannot be measured directly
or scrutinized through observation (O’Donnell and David, 2000). However, as
mentioned in section 1.3 on page 3, other dysfunctional behavior occurs where
increased processing time-requirement is one example. As such, the study fo-
cused on identifying causes and symptoms of information overload, instead of
focusing on decision accuracy.

My role as a researcher and developer

Walsham (2006) argues that ”we are all biased by our own background, knowl-
edge, and prejudices to see things in certain ways and not others.” As such, my
observations could have been focused on identifying information overload symp-
toms that may otherwise be normal behavior. To reduce the chance of misin-
terpreting how users interacted with the dashboard; feedback was requested to
verify or refute behavior that could be identified as valid symptoms.

Further, as I introduced myself as a developer for the DHIS2 software, the data
I gathered from interviews and surveys may have been affected such that the
test subjects provided positive answers towards the use of discussion forums and
decision templates, which the organization view as a valuable DHIS2 feature.
To reduce the chance of users potentially providing positive answers, I empha-
sized that the research did not necessarily imply further improvements for the
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discussion forums. Further, my implementation changes during the thesis pro-
gression addressed some of the limitations reported during my initial trip to
Nairobi, Kenya.

Changing organizational context

Testing different dashboard layouts, performing minor interventions, and as-
signing focus groups with specific roles affects the organization’s natural setting.
Findings through observations will also be affected to some degree. To reduce
the chance of affecting the natural setting; the modified dashboards were pre-
pared before the case study which the users familiarized themselves with. Thus,
by following the action case study, minimal interventions were required that
could reduce the chance of affecting the organizational context.
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Chapter 5

Empirical Findings and
Analysis

This chapter presents the empirical findings gathered from the analysis of the
health information dashboards and findings from the case study in Zimbabwe.
The first section presents results from a quantitative analysis of the health or-
ganization’s existing dashboards covering the HIV and male circumcision pro-
grams. Then, results from a qualitative analysis of the two most used dash-
boards that was pointed out by users as overwhelming. The second section
provides findings based on the categorized themes dashboard design, informa-
tion characteristics, decision templates, discussion forums, presentation formats
and dashboard limitations. The chapter ends with a summary.

5.1 User-designed Dashboards

HIV Pogram

Due to the magnitude of the HIV program’s coverage, following guidelines from
Few (2007, pp.138-146) or renown software vendors to keep visualizations within
the screen boundary was not possible. As the health organization had limited
personnel and monitored multiple health programs, dividing dashboards such
that no person applied more than ten different instances were also not possible
to achieve as recommended by Qlikview (2011).

National level dashboards had an average of 16 visualizations. Out of all vi-
sualizations for this level, only one decision template was defined, and nine
visualizations registered usage of discussion forums. The visualizations showed
information from the last month, up to a yearly coverage. These dashboards
were not used as extensively compared to dashboards at lower levels. Decision-
making at the national level primarily occurred ”...through meetings with multi-
ple strategic personnel after review with stakeholders.” The number of visualiza-
tions, decision templates, and usage of discussion forums for each visualization
is summarized on the next page.
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Dashboards at province and district level contained an average of 26 and 24
visualizations respectively. At this level, visualizations covered the same period
range from the last year, down to the last month. National level dashboards
aggregated data from provinces or zones, and was intended to serve as a strategic
dashboard with low interactivity and summaries. The lower levels were intended
to be used more frequently as analytical dashboards, by analyzing granular data
from clinics, enforcing actions to ensure sufficient health commodities and timely
reporting, and engaging in discussions to interpret the data.

Table 5.1: HIV program: Number of dashboards, visualizations, decision tem-
plates and discussion forums.

Level: Number & percentage
of dashboards:

Total number of vis. & 
avg. number per 

dashboard:

Total number & 
percentage of vis. with

decision template:

Total number & 
percentage of vis. with
discussion forum used:

Period range (fixed and 
relative):

National: 4 (23.5%)
66

avg:  16.5
low: 2, high: 31

1 (1.5%) 9 (13.6%) Last year to last month

Province: 2 (11.7%)
52

avg: 26
low: 23, high: 29

6 (11.5%) 10 (19.2%) Last year to last month

District: 5 (29.4%)
122

avg: 24.4
low: 19, high: 30

19 (15.5%) 16 (13.1%) Last year to last month

Facility: 2 (11.7%)
12

avg: 6
low: 1, high: 11

0 1 (9.0%) Last 12 weeks to last 
month

Other: 4 (23.5%)
70

avg: 22
low: 4, high: 36

3 (4.2%) 6 (8.5%) Last year to last month

As shown in Table 5.2 on the next page, over half (58%) of the dashboard in-
stances across the different levels contained more than 19 visualizations. Column
charts were the most used presentation format, with line charts as second most.
These formats were interchangeably applied to visualize trends over time and,
according to user feedback, was the most preferred graphical representation.
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Table 5.2: HIV program, frequency and types of visualizations.

Frequency ofvisualization counts per dashboard: Frequency ofvisualization types:

• 0-4:               3 (17.6%)

• 5-9:               2 (11.7%)

• 10-14:           1 (5.8%)

• 15-19:           1 (5.9%)

• > 19:             10 (58.8%)

• Column chart:                   172 (53.4%)

• Line chart:                          58 (18%)

• Bar chart:                           23 (13.5%)

• Stacked bar chart:            22 (6.8%)

• Pivot table:                        10 (3.1%)

• External text item:             6 (1.8%)

• Gauge:                                  5 (1.5%)

• Stacked column chart:       4 (1.2%)

• Map:                                     2 (0.6%)

Male circumcision program

The male circumcision program was considerably larger than the HIV program.
In total, it consisted of 64 dashboard instances and covered additional districts
compared to the HIV program. At the province and district level, the num-
ber of visualizations ranged from 4 to 18 and monitored performance of the
last month down to the last week. Province and district-level dashboards were
frequently used and required more close supervision to ensure timely reporting
from operational level.

Table 5.3: Male circumcision program: Decision templates and discussion fo-
rums.

Level: Number & percentage
of dashboards:

Total number of vis. & 
avg. number per 

dashboard:

Total number & 
percentage of vis. with

decision template:

Total number & 
percentage of vis. with
discussion forum used:

Period range (fixed and 
relative):

National: 6 (9.2%)
96

avg: 16
low: 3, high: 31

0 26 (27%) Last year to last month

Region: 5 (7.6%)
61

avg: 12
low: 4, high: 17

12 (19.6%) 20 (32.7%) Last year to last 6 
months

Province: 11 (16.9%)
154

avg: 13.9
low: 5, high: 18

19 (12.3%) 95 (61.6%) Last month to last week

District: 43 (66.1%)
400

avg: 9.5
low: 4, high: 11

193 (48.2%) 190 (47.5%) Last month to last week

Compared to the HIV program; province and district-level dashboards for the
male circumcision program registered increased usage of discussion forums and
assigned decision templates. Each dashboard had an average of 13 and 9 visu-
alizations per instance respectively. However, the increased usage was reported
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not to be a cause of dashboards containing fewer visualizations. Rather, it was
due to the complexity of tasks and possible actions to take in specific areas and
communities. A large portion of the male circumcision visualizations focused
on outreach, and community engagement. While the HIV program focused on
self-testing services and static sites.

As shown in Table 5.4 below, nearly half (46 %) of the male circumcision dash-
boards contained less than 14 visualizations. Only national level dashboards
contained more than 19 visualizations. Across all instances, the applied presen-
tation formats followed the same pattern as the HIV program. Column chart
and line chart were commonly applied to visualize trends over time. Stacked
column charts were used to capture the different age groups and visualize parts-
to-whole.

Table 5.4: Male circumcision program: Frequency and types of visualizations.

Frequency ofvisualization counts per dashboard: Frequency ofvisualization types:

• 0-4:               4 (6.2%)

• 5-9: 16 (25%)

• 10-14: 30 (46.8%)

• 15-19: 13 (20.3%)

• > 19:             1 (1.5%)

• Column chart:                   332 (46.6%)

• Line chart:                         117 (16.4%)

• Stacked column chart:     106 (14.9%)

• Bar chart:                             70 (9.8%)

• Pivot table:                          57 (8%)

• Stacked bar chart:              28 (3.9%)

• Map:                                      1 (0.1%)

5.1.1 Dashboard Design

HIV Program

A dashboard covering Chitungwiza was reported as overwhelming by the user
in group 1. Primarily due to its size with a total of 28 visualizations shown on
the next page:

”The Chitungwiza dashboard is often used, but primarily as an in-
termediate step to redirect ourselves to the visualization tools. It
contains a lot of visualizations.”
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Figure 5.1: Zoomed out picture of the average HIV district dashboard.



Information overload sources from the dashboard

Comparing the layout with similar district-level dashboards showed that the
design followed inconsistent placement of the visualizations. Within the HIV
program, the number of visualizations varied from each dashboard instance.
This behavior indicated to be a common nature for the health program. Some
areas have bigger density, with facilities and individual private clinics requiring
additional visualizations to monitor performance. However, the first four visual-
izations were considered the most important by the users. These visualizations
were available in all instances but arranged inconsistently. This could result
in users experiencing symptoms such as loss of control over information when
alternating between the dashboards.

Evaluating the applied indicators revealed limitations emerging from DHIS2. To
reduce overall information load, I suggested that assigning a target line could
provide improved pre-attentive processing, instead of an additional indicator
(i.e., blue dimension in Fig 5.2 below). A target line applies a higher data-
to-ink ratio in its simplicity, but exhibited limitations. Users were not able to
assign a descriptive label, and the black line was not rendered if the values were
considerably lower than the target. The column chart at the top in Fig 5.2 was
reported to provide a more clear context: ”Each point can be compared more
easily. I can also interact with the chart to remove the indicator.” The calcu-
lated indicators could also be dynamically updated based on its mathematical
expression, but the target lines had to be manually reconfigured.

Figure 5.2: Visualization with indicator as a target (top), and with a target line
(bottom).

64



The third step involved evaluating the dashboard’s visualization types. 14 out
of 28 visualizations applied fixed periods that had not been updated to include
the recent months, effectively visualizing irrelevant information. This resulted
in users requiring to redirect themselves to the specific visualization tools and
modify the x-axis to see the recent periods. Multiple column and line charts also
conveyed the same information by visualizing a trend over time. In a sense, this
can be viewed as meaningless variety (Few, 2007, p.51). However, these visu-
alizations were consistently applied across different dashboard instances. Both
types are also viewed as an appropriate format to visualize values on an interval
scale, when an emphasis on individual values rather than the overall trend is
preferred (ibid. p.114). WHO, however, recommends line charts specifically
when visualizing data through multiple periods.

The fourth and last step involved evaluating visual cues from labels. The visu-
alizations’ assigned name and chart title rendered the same string, which can
be viewed as a design mistake of cluttering the display with useless decoration
(ibid. p.58). Moreover, due to the amount of aggregated organization units,
additional excess clutter was perceived and challenging to read, as shown in Fig
5.3 below.

Figure 5.3: Visual clutter in aggregated organization units.

Additionally, one visualization applied a relative period without conveying it
through the chart title. The dashboard also contained one visualization that
showed no data, and had not been registered new data for the last three months.
Interestingly, the discussion forum had not been utilized extensively, with only
3 out of 28 visualizations having at least one periodic update, and 3 out of 28
decision templates assigned as well.
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Summarizing the results from the qualitative analysis, the findings were cate-
gorized into problem areas. Some areas could be related to sub-optimal design
originating from the user, but also limitations from DHIS2 as well. The visu-
alizations had not been updated, in addition to being arranged and configured
inconsistently. The dashboard’s limitations in displaying excessive information
contributed with increasing the information processing requirements, by affect-
ing pre-attentive and attentive processing.

Table 5.5: HIV: Qualitative analysis result.

Problem category: Description:

Dashboard design

• Inconsistent placement of the most important
visualizations.

• Exceeding users preference on the amount of
dashboard items (max: 15).

Visualization technique problem

• 14 Visualizations with fixed periods, without
including recent relevant months.

• 1 Visualization with relative trend, without conveying
it in the chart title.

• Inconsistent use of target line and applying indicators
as target.

• Visualizations showing the same string for name and 
chart title.

Data quality problem
• 1 Visualization not registered any new data the last 

three months.

Dashboard limitations

• 14 Visualizations concatenating multiple organization
units, resulting in unreadable long string.

• No ability to assign descriptive target line label.

Male circumcision program

A dashboard covering the eastern region was reported as overwhelming by the
users in group 2, with a total of 17 visualizations shown on the next page:

”The eastern region dashboard displays a lot of information right
away, it takes time to digest.”
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Figure 5.4: Zoomed out picture of the Eastern region dashboard.



Information overload sources from the dashboard

Following the same procedure, dashboards of similar level were compared. In-
terestingly, the layout was identical, while also facilitating consistency with the
applied presentation formats. In this instance, the reported challenge originated
from the dense information by the visualizations’ crowded values displayed at
the upper part on the previous page.

As shown in Fig 5.5 below, the recommendation proposed by WHO in applying
a line chart to display a trend over time, with multiple periods could have been
a more appropriate format for the first four column charts, to reduce visual
complexity. Reconfiguring the visualizations such that the values were only
shown through interaction could reduce the overall information load. However,
this was reported as a ”tedious procedure and not always possible because of
access rights.” As an alternative, the ability to interact with the chart within
the dashboard to toggle the values were highly requested.

Figure 5.5: Column chart with numeric values (top). Line chart without numeric
values (bottom).

The dashboards also contained four visualizations with tabular data and multi-
ple empty values, where only one applied legends to display visual cues. Tabular
formats received negative user feedback when multiple cells were empty. One
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line chart had not been registered data for the last three months. Additionally,
four visualizations also applied fixed periods without displaying recent months.
By applying fixed periods, users had to navigate to the specific visualization
tools and update the visualization for further assessment. Two visualizations
applied relative periods without conveying it in the chart title. As the dashboard
did not facilitate sufficient filtering or drill-down features, users reported that
these visualizations provided somewhat irrelevant information. Summarizing
the evaluation:

Table 5.6: Male circumcision: Qualitative analysis result.

Problem category: Description:

Dashboard design
• Exceeding users preference on the amount of

dashboard items (max: 15).

Visualization technique problem

• 4 Visualizations visualizing fixed period without being
updated.

• 1 Stacked column chart with minimal spread of parts-
to-whole correlation.

Data quality problem
• 1 Visualization not registered any new data the last 

three months.

Dashboard limitations

• 4 Visualizations concatenating multiple organization
units, resulting in unreadable long string.

• 3 tabular formats with large amounts of cells
displaying no data.

• 4 Visualizations initially showing crowded values, 
without possibility to toggle numeric values.

The results could illuminate how the dashboard overwhelmed the user by in-
creasing the information load by displaying excessive details. Moreover, a lack of
the dashboard’s functional features reduced users’ ability to perform evidence-
based decision-making from the dashboard directly. The findings are further
discussed in chapter 6.

5.2 Thematic Findings

The following section provides findings from observations, feedback, interviews,
and surveys. The findings are categorized into the themes mentioned in section
4.4.2 on page 54. By applying the framework proposed by Eppler and Mengis
(2002), the findings were analyzed to identify how the applied countermeasures
succeeded or failed to alleviate information overload causes. Further, the deci-
sion template and discussion forum was evaluated in terms of their role in the
decision-making process.
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5.2.1 Dashboard Design

The number of visualizations could contribute with the dashboard becoming
a source of information overload, as a cause of an overabundance of informa-
tion. At the district-level for the male circumcision program, each dashboard
contained a maximum of 11 visualizations. While the HIV program had visual-
izations at the district-level ranging from 19 to 30 (avg. 24). When comparing
the user in group 1 that applied the smaller HIV dashboards; the user in the
control group showed symptoms in limited search directions, loss of control over
information, and higher time requirements for information handling. In multi-
ple occurrences, instead of utilizing the dashboard, the control group applied
the visualization tool to locate charts that was initially available in the dash-
board. A countermeasure was performed, by reducing the number of items to a
maximum of 15 per instance. This resulted in more control of the information:

”It was easier to locate visualizations when the dashboard contained
fewer items. The male circumcision dashboards are more user-friendly
and less intimidating than the HIV dashboards.”

The two groups who applied the modified dashboards with a maximum of 15
items, used visualizations at the bottom part more frequently, without the need
to use visualization tools. By applying a countermeasure in limiting informa-
tion, by not thinking more is better, the symptom of loss of control over infor-
mation was arguably alleviated. The observation confirmed extant literature’s
principle related to scroll-bars, in that visualizations outside the display screen
becomes less valuable and unimportant.

The large dashboards that contained more than 19 visualizations were not used
to their full extent. This was observed through the control group that did not
apply modified dashboards. In rare occasions, visualizations located at the lower
parts of the dashboards were assessed:

”When dashboards become too large, it is easier to use the visualiza-
tion tool and search for the specific chart you want to see. Too many
charts are distracting.”

By using the visualization tool, a reactive countermeasure was performed in
filtering out information. However, the filtering capability of the dashboard was
rarely utilized. As these visualizations were present in the dashboard, the symp-
tom of showing difficulties with identifying relevant information was observed,
and the dashboard’s filtering mechanism failed as a countermeasure.

The modified dashboards had the same layout as the users originally applied.
Starting with three visualizations in one row; the design largely ended up as it
originally was but with a reduced number of visualizations and a spacing item
to group related visualizations. Applying some space between related visualiza-
tions received positive feedback, acting as a proactive countermeasure:

”Increasing the space between the visualizations made it easier to
focus on the charts. But this does increase the dashboard size.”
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A notable incident after discussing the dashboard layouts with the control group
was that the modified dashboards were considered an improvement. Further, the
users agreed that the chance of double-checking discussion forums and decision
templates would be more likely in dashboards with fewer visualizations.

5.2.2 Information Characteristics

The uncertainty of information and information quality was additional causes
that could contribute to causing information overload. Several dashboard in-
stances had visualizations with incomplete, or no data to display due to network
outages and intermittent loss of connectivity. However, some visualizations still
showed updated data. This resulted in users assuming that all visualizations
could be incorrect and not using the dashboards at all. Indicating symptoms
such as lack of critical evaluation and ignore information and be highly selective:

”If a dashboard contains visualizations with no data, I feel the need
to double-check with local servers. If it occurs often, we start to
doubt if the values are correct.”.

Unfortunately, due to the unstable situation in Zimbabwe, I was not able to
initiate a countermeasure for this incident. A proposed alternative was to com-
pletely remove the visualizations that did not show any data from the health
information dashboard. Although, as this was a common occurrence, the users
requested to leave the dashboard design as it was:

Figure 5.6: Dashboards with partial data.

5.2.3 Usage of Standardized Decision Templates

The standardized decision templates were intended to work as a proactive coun-
termeasure for the large dashboards, as well as a countermeasure for the infor-
mation quality. Interestingly, users rarely assisted decision-making with the
assigned templates, despite showing indications of being overwhelmed. As the
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result from the quantitative analysis showed, many visualizations did not con-
tain any defined procedures for the user to take. The inconsistent availability
of the decision templates had resulted in users not supporting themselves with
this countermeasure to reduce the information processing requirements:

”Many visualizations does not have any procedures defined. Since
they are not always there, it is easier to find possible actions through
other means.”

Different opinions were received. The majority of users stated with honesty
that they often did not read the templates and discussion forums. The decision
templates were reported to be valuable, but the potential alternatives were, to
a large extent, considered to be known:

”The templates enables us to quickly assess the required actions to
take, it varies a lot across different districts and the field workers
out there, but we basically know what to do.”

This was confirmed by observing the control group who rarely looked at the
decision templates and discussion forum. However, as the users were familiar
with the visualizations and procedures on beforehand might suggest that known
actions to take were already understood.

Another factor that reduced the potential value of the decision templates was
the untimely upgrade of the health organization’s global DHIS2 instance. Their
previous DHIS2 version had different approaches in terms of formatting rich
text and displaying the descriptive label compared to the newly upgraded ver-
sion. Due to the downtime of network connectivity; priorities of troubleshooting
critical equipment within the health system were higher than updating the vi-
sualizations that contained a decision template. As a result, when connectivity
was re-established and the upgrade complete, these templates were unreadable:

Figure 5.7: Unreadable decision template.

Ultimately, this resulted in producing more visual clutter. As one of my in-
terventions, I spent time updating the templates with the health organization.
Although, after this had been corrected, users in the control group did not assist
themselves with the decision templates, aside from the user in group one who
was instructed to do so. A notable incident related to the user who applied the
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decision template was that a symptom in higher time requirements to process
information was observed. However, this could imply that decision-making was
performed more thoroughly, and subsequently improved the decision quality.

5.2.4 Usage of Integrated Discussion Forums

The integrated discussion forum offered both positive and negative results in
the decision-making process. During the planning meetings, decision-makers
went through trouble areas. Through the meetings, decision-makers assessed
the discussion forum and initiated capacity building for field workers instead of
dispatching additional human or medical resources due to a specific comment:

Figure 5.8: Periodic update with helpful information.

These updates helped contextualize the information to facilitate well-informed
decisions. Additionally, some periodic updates related to data inconsistencies
and incompleteness were also identified. The updates enabled the decision-
makers to quickly locate the root cause from data entry instead of lack of re-
sources or efforts in the field:

Figure 5.9: Update related to data inconsistencies.

Data collection was significantly reduced during the first and second week due
to national demonstrations. The discussion forum served as a key functionality
to document these types of incidents with the data. The ability to document
sudden changes in close relation to the visualizations enabled users to clarify
the root cause in a later period:
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”This is one of the reason we are using it. In later events, the
updates will explain the performance decrease. Without it, it can be
challenging to see.”

Some negative results were also observed. The organization had started an
internal competition, where the user that had the highest amount of updates
posted would be offered a trip to their main offices in Washington. The intention
was to encourage data engagement with the DHIS2 software. The competition
had started a trend of users documenting irrelevant interpretations and mul-
tiple updates with the same content. This could contribute to increasing the
dashboard’s information processing requirements with an overabundance of ir-
relevant information:

Figure 5.10: Inappropriate use of periodic updates.

As the functional feature had previously lacked key functionalities to enable fluid
communication, users had started with traditional communication streams. E-
mails and phone calls were still used instead of documenting their discussions
within the DHIS2 platform. On several occurrences, when the dashboard users
contacted field workers through phone, no periodic update was documented
through the discussion forum:

”Documenting periodic updates helps with seeing through the num-
bers. But in our previous DHIS2 version, the functionality of the
discussion forum was poor. A lot of people have stopped using it
now. Other DHIS2 users did not receive any updates when new
comments were posted, we had to manually check regularly.”

A notable incident related to group 1 that applied the discussion forum was the
necessity to double check the updates provided through this feature as well as
incoming e-mails from program managers and co-workers:

”Checking both the discussion forum and e-mails are tedious. Sooner
or later, we stop checking the one or the other and try to figure it
out ourselves.”

Longer time was often used to evaluate the visualizations as a result of reading
through the updates from the discussion forum. However this could imply, just
as reading the decision rules, that the decision-making process was performed
more thoroughly.
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5.2.5 Presentation Formats

Supporting different presentation formats proved to address some of the user’s
challenges. In almost all cases, simple column charts and line charts were the
preferred formats. The charts served as a quick overview, while tabular data
were applied when drilling down on the information. However, the users re-
ported that alternating between different charts would increase the value of the
dashboard’s functional feature, instead of only supporting one specific chart,
tabular data and geographic map.

Tabular data was more challenging to interpret when grouped with other visu-
alizations. In the specific visualization tools, tabular data were primarily used.
While in the health information dashboard, charts were more popular. Tabu-
lar data presented by the dashboard were considered an effective presentation
format as long as it offered visual cues with legends through scorecards:

”We often export the data and drill-down through Excel. The visu-
alization tools are a bit hard to master. Pivot tables are only useful
in the dashboard when they have legends configured.”

Figure 5.11: Tabular data with visual cues.

Stacked column chart and stacked bar chart were both positively and negatively
received as an appropriate presentation format for the health information dash-
board. The user feedback confirmed the arguments stated by Few (2007, p.116)
and United Nations. In that, column or bar charts were more suitable when the
spread of each value was not significant:
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Figure 5.12: Stacked column chart with minimal spread.

As the spread of each value within one column would often vary, users em-
phasized the need to support alternating between different charts, instead of
manually changing the format within the visualization tool. Ultimately, the
countermeasure in the use of graphs served more useful in the dashboard, than
visualizing information through tabular data.

Using consistent visualizations when conveying the same information gave both
positive and negative feedback:

”I get that line charts is best to see values over time, but for me
column charts are still easier to interpret.”

”I agree that line charts should be used to see values over time, as
long as it is consistent with the indicators that are used in the dash-
board.”

The survey for evaluating the preferred presentation formats followed WHO’s
four categories. In addition to the test subjects, four other DHIS2 users at the
strategic level participated. To clarify the categories, WHO’s presentation for-
mats were shown to the user during the survey. DHIS2’s available presentation
formats were the different alternatives:

Table 5.7: Survey result for preferred presentation format

Comparison: Distribution: Composition: Relationship:

• Column chart: 4

• Line chart: 4

• Bar chart: 1

• Pivot table: 1

• Column chart: 4

• Pivot table: 2

• Bar chart: 1

• Pie chart: 1

• Stacked column chart: 3

• Stacked bar chart: 2

• Pivot table: 2

• Pie chart: 1

• Column chart: 6

• Bar chart: 2

The survey was consistent with the frequency of visualization types from the
quantitative results. Simple formats in line charts and column charts were
primarily seen as the most appropriate visualization type.
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5.2.6 Dashboard Limitations

Visualizations with dense information and multiple values as the column chart
shown in Fig 5.5 on page 68 were reported to overwhelm the user. Displaying
numeric values within the dashboard was preferred by some users. However,
the ability to interact with the visualization to toggle the values were highly
requested and seen as a limitation:

”Seeing so much numbers and values requires concentration. If we
could toggle the values by clicking on the chart, it would be an im-
provement .”

The filter functionality of the dashboard was reported to not be of much value
and ultimately failed as a reactive countermeasure:

”The dashboard filter does often not filter out the irrelevant infor-
mation. If we could filter or drill down on the visualization, it could
become easier. ”

The modified dashboards initially applied visualizations with target lines instead
of additional indicator dimensions. The target line applied improved data-to-ink
ratio and reduced visual clutter. However, applying indicators offered improved
context as the current DHIS2 version showed limitations in not being able to
assign descriptive labels, or update itself dynamically:

”Target lines creates a more simple charts in terms of colors. But
sometimes its also nice to see the specific indicator as a target to
compare with.”

Lastly, the ability to switch between the most common presentation formats
were highly requested and reported as a limitation for the dashboard:

”Supporting multiple presentation formats could improve the dash-
board. Clicking on a simple button is often easier than applying the
visualization tools.”

5.3 Summary

The dashboards were primarily used to monitor performance at district and
province level. The quantitative and qualitative analysis showed that decision
templates and discussion forums were rarely defined and used. User feedback
confirmed that this was a result of inconsistent availability of decision tem-
plates. The discussion forums previously lacked functionality that could en-
able social collaboration and periodic updates relevant to the decision-making
process. This resulted in users gradually moving back towards standard com-
munication streams. However, some incidents showed that the discussion forum
improved the decision-making process by contextualizing the visualizations’ val-
ues.
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The qualitative analysis and thematic findings identified design mistakes from
the user as well as limitations from DHIS2’s dashboard. The upper limit of
maximum visualizations was reported to be 15 visualizations. Dashboards con-
taining a higher amount resulted in users not interpreting visualizations at the
lower parts of the instance. The initial impression of the dashboard design
affected pre-attentive and attentive processing. Inconsistent placement of the
most important visualizations displayed at the top part was reported to cause
confusion. Initially displaying visualizations with crowded numeric values was
reported to overwhelm the user. The ability to toggle values through interactiv-
ity could have reduced the information load. Further, the filtering mechanism
was of little value and was reported as sub-optimal. This resulted in users ap-
plying specific visualization tools more often than the dashboard.

Simple presentation formats in column and line charts were the most preferred
visualization types. Additional indicator dimensions were applied instead of
target lines as users were unable to assign descriptive labels. This resulted
in increased visual complexity but was reported to provide improved context.
Repetitive chart names and chart titles, as well as aggregated organization units,
cluttered the presentation formats. Adding a spacer item to group related vi-
sualization addressed this problem. Lastly, presentation formats that displayed
no data due to connectivity issues resulted in users questioning visualizations
within the dashboard instance. Dashboards with a portion of presentation for-
mats displaying no data contributed with producing information overload.
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Chapter 6

Discussion

This chapter offers a discussion around the case study, presented literature,
and attempts to answer the research question based on the study’s findings.
First, I discuss the sources of information overload, and the value the decision
templates and discussion forums offered as countermeasures. Then, in light
of the findings, I answer the research question: What essential features must a
health information dashboard facilitate to enable evidence-based decision-making,
without causing information overload? The question is answered by providing
a set of recommended design guidelines. The chapter ends with my reflections
upon the study.

6.1 The Causes of Information Overload

The use of decision templates and integrated discussion forums have the poten-
tial to address some causes of information overload that can emerge from the
dashboard. However, despite applying these countermeasures, empirical find-
ings indicated that users still experienced information overload. Both as a result
of a challenging design originating from the user-designed dashboards but also
the application’s lack of features.

Lack of interactive features and challenging design

The study revealed that dashboards monitoring performance at the province
and district level were the most used instances. The national level dashboards
covered broad areas with summaries from Zimbabwe or its provinces. However,
these instances were rarely used compared to the lower levels. Decision-making
occurred more frequently by interpreting visualizations for the province or dis-
trict level, which aggregated data from multiple clinics or communities. Province
and district level instances can be viewed as analytical dashboards, and accord-
ing to Few (2006, p.32), should support interactivity that enables drilling down
to underlying details. As DHIS2’s dashboard did not facilitate these capabilities,
the presented information was perceived as either overwhelming by being too
static, or irrelevant as the user could not filter or investigate information further
through the dashboard. Interactive features improve the interpretation process
by increasing the user’s information processing power (Zakkar and Sedig, 2017).
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Dashboards with crowded numeric values presented by multiple visualizations
could increase the information processing requirements and was reported as
overwhelming. Not supporting details on demand through interactivity required
users to manually reconfigure the visualization to reduce the amount of informa-
tion being presented. Due to tedious reconfiguration steps, the visualizations
ended up displaying everything at once. Simplicity should be emphasized as
dashboards already contain a dense amount of information. Simple graphical
formats have been viewed as a key factor for balancing information load and
information use (Senyoni et al., 2019). Whereas details on demand through
interactivity can contribute to further improved interpretation processes (Con-
cannon et al., 2019; Al-Hajj and Pike, 2013). Ultimately, not supporting these
features identified through literature rendered the dashboard as overwhelming.
This required users to apply the specific visualization tools more often to filter
out irrelevant information.

Task interruptions and redundancy systems

The causes of information overload originated not only from the dashboard itself.
Outside of the dashboard, task interruptions were consistently observed and are
one of the potential causes for experiencing information overload (Eppler and
Mengis, 2002). Multiple times during the case study, DHIS2 users were required
to stop their work and help others. Continuous interruptions could explain why
standardized decision templates were adopted to assess the possible actions to
take quickly. Providing incentives and memory cues of potential actions could
also alleviate some of the required collaboration. Although, because these tem-
plates were not always available, it was rarely used. The possible actions were
also considered to be known. However, the need for interrupting co-workers
to assist interpretation and decision-making could suggest otherwise. Further,
keeping up with all the redundancy technologies that attempted to ensure data
collection quality also caused information overload.

To make up for the unstable network in Zimbabwe, a local server was used.
The server was consistently applied to compare and assess the information pre-
sented by DHIS2 applications. This meant another source of information re-
quired to keep up with for the dashboard users. Overly complicated technology,
poor integration of various technologies, and over-reliance on technology are all
known causes of information overload (ibid.). Relying on both the redundancy
and DHIS2 showed that users experienced symptoms such as ignoring infor-
mation and lack of critical evaluation when inconsistencies occurred in some
of the dashboard instances. This resulted in users not utilizing the dashboard
to interpret unrelated visualizations. The technologies that were intended to
improve data quality to facilitate well-informed decisions, ultimately impacted
decision-making negatively in itself. Given that DHIS2 already have mecha-
nisms to assess data quality, a balance must be found that ensures quality data
and simultaneously enables the ability to enforce well-informed decisions.
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Communicating some aspects of decision-making is appropriate through the
discussion forum, while other aspects have its place through mediums such as
e-mail. Managing e-mails and discussion forums without standardized commu-
nication strategies can increase the chance of experiencing information overload
(Ruff, 2002). Increasing the number of ways to communicate with each other has
shown to cause communication overflow (Ljungberg and Sorensen, 1998). The
concept focuses on communication rather than information and occurs when in-
dividuals are subject to large amounts of communication that is partly desirable.
Communication occurring through e-mails, phones, and discussion forum has a
chance of producing communication overflow which impacts the cognitive abil-
ity to process information. E-mail is an asynchronous communication stream
(Edmunds and Morris, 2000). Asynchronous communication implies that the
person will not have increased information processing requirements before he or
she acts on it. With this in mind, one might question the value of the discus-
sion forum, as introduction of more technology than is required can increase the
chance of experiencing information overload (Eppler and Mengis, 2002).

6.2 The Value of Integrated Discussion Forums

Nutley (2010) found that a barrier for data-use to facilitate evidence-based
decisions is insufficient skills to analyze and interpret the collected data. The
author proposed capacity building for data analysis to promote information
use. Sandiford et al. (1992, pp.1084-1085) argued that because capacity building
often takes place in decontextualized settings like North American and European
universities, the knowledge is often difficult to take back and incorporate it
into the organization’s work processes. Suggesting that capacity building will
only help to some degree in terms of training DHIS2 users to make sense of
the data, and translate it into well-informed decisions. As these discussion
forums promote the use of the health information dashboard, the increased
data engagement will assist decision-makers with familiarizing themselves with
the information being presented and subsequently increase the information use.

Increased Data Engagement

An important problem re-occurring in developing countries is that information
with poor data quality is rarely used, and because it is not used, it remains of
poor quality (Braa and Sahay, 2012b, p.39). Anomalies and errors are rapidly
detected once the information is being used (Sandiford et al., 1992, p.1083).
As the discussion forum encourages data engagement, the information is more
likely to be assessed. In that sense, regardless of the data being acted upon, it
is being used. This implies that data inconsistencies or errors are more likely
to be detected and corrected through discussion within the dashboard applica-
tion, which was observed during the case study. As shown in Fig 5.8 on page
73, the discussion forum served as a tool to both identify data inconsistencies
and correcting the error. This particular incident could have been identified
through standard communication streams such as e-mail or phone calls. How-
ever, since the information was accessible through the dashboard; knowledge
on the application, the nature of the information and the behavior of the pre-
sentation formats were arguably improved which shows the value it can provide.
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Interpreting visualizations and translating the information into well-informed
decisions are often done through social interactions (Heer and Agrawala, 2008).
Integrating embedded discussion forums could benefit visualization tools more
than face-to-face collaboration, as discussions directly placed with the visualiza-
tions deepen understanding and subsequently improve decision-making. As data
literacy can vary in developing countries, integrated discussion forums serve as
a tool to strengthen the dashboard’s ability to facilitate decision-making. En-
abling collaborative efforts when performing data analysis and interpretation of
visualizations that are subject to poor data quality can improve the decision-
making process (Braa et al., 2012).

Adding Additional Context

Previous incidents that caused deviations on the performance of health programs
were documented with the data. In meetings, when going through the monthly
results, updates posted within the discussion forum were often referred to. A
notable incident was a documented discussion of the previous month, where
the generated visualization indicated a decrease in performance. In most cases
of performance decrease, the root cause originated from data entry, but also
administrative causes such as challenges with transport or lack of resources. This
was quickly assessed by referring to the comments in the discussion forum, as
shown in Fig 5.8. Exploring further clarifying information within the discussion
forum improved work efficiency. Instead of investigating e-mails or performing
extensive drill-down procedures, the periodic update was quickly assessed. Thus,
applying the discussion forum in this fashion can increase knowledge of the
health information dashboard and its ability to facilitate well-informed decisions.
Contextualizing the values through periodic updates provides additional context
that users can draw parallels towards and subsequently understand the nature
of the information.

Increasing information load through social interaction

Surprisingly, the quantitative analysis indicated little use of the discussion fo-
rum. No additional conditions were taken into consideration when registering
the use of discussion forums (e.g., exclude updates older than one year). In
DHIS2, comments are permanently stored when they are posted. The findings
suggested that a low amount of communication had been performed since the
creation of the applied visualizations. To spark the movement of transitioning
relevant updates from e-mail to the discussion forum; an internal competition
had been initiated. As a result, some visualizations contained irrelevant in-
formation, and inappropriate use of the discussion forum had emerged. When
investigating previous discussions related to a visualization’s deviating results,
some irrelevant comments were required to be processed. This increased the
information load and impacted users negatively. As a dashboard already con-
tains a dense amount of information, these comments can be considered excess
clutter.
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6.3 The Value of Standardized Decision Tem-
plates

Ogega (2017, p.73) identified a lack of standard guides, procedures, and pro-
cesses as one of the challenges of data use through his case study on applying
visualization tools in developing countries. Lippeveld et al. (2000, p.41) argued
that the more formalized the decision is, the more likely the information will be
used. Further, precise definitions of the actions to take and clarification that
the actions make sense will promote further use. The more routine the decisions
are, the more likely they will be based on the information.

In health programs that potentially cover an entire country, dashboards are ap-
plied to centralize important information from different levels of the health sys-
tem’s hierarchy. The composition of the various levels (e.g., national, province,
district) may vary in terms of patients, health workers, hospitals, and resources.
In turn, different targets and potential actions to enforce will vary with them.
Reducing the complexity of the decision-making process with clearly defined
goals and actions to take may improve both work efficiency and decision-quality
(Eppler and Mengis, 2002). Especially when task interruptions and technical dif-
ficulties occur. However, as the empirical findings showed, following guidelines
at all times are not a guarantee after they are defined. Inconsistent availabil-
ity of decision templates resulted in users not supporting themselves with the
guidelines. However, as previous research has emphasized the need for standard
procedures (K. Stansfield et al., 2006, p.1023), as well as it being proposed solu-
tion for information overload (Eppler and Mengis, 2002), I argue that the value
of decision templates improves the dashboard’s ability to facilitate decision-
making.

Reducing the complexity of decision-making processes

Interpreting visualizations involves applying short-term memory for pre-attentive
processing, long-term for attentive processing, and cognition to arrive at a deci-
sion. These processes have their limitations that decision templates can support.
Providing memory cues to aid short-term memory can reduce the complexity
by guiding the user towards possible directions based on the visualization’s val-
ues (Patterson et al., 2014). Standardization can also strengthen the decision-
making process of future incidents as the process becomes more formalized.

As previous research has identified a lack of decision-rules and guidelines as key
challenges for decision-making; findings from this study suggest that regardless
of it being defined, integrating it into the decision-making process is challenging
to realize.
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6.4 Health Information Dashboards
in Developing Countries

Previous studies have shown that one of the benefits health organizations re-
ceives when applying dashboards in developing countries, are improved data
quality through timely reporting and completeness of routine health data (Etame-
sor et al., 2018; Concannon et al., 2019). However, to ensure improved data qual-
ity, dashboards must provide easily digestible information. Senyoni et al. (2019)
investigated the adoption of dashboards for health organizations in Tanzania.
From user feedback, they found that simple design without excess information
was a driving factor. To address the design challenge of dashboards serving as
useful for a diverse user base; a participatory approach was emphasized. The
need for a simple design was identified in this study as well. The boundary
between a design viewed as simple, but yet information rich are to a large ex-
tent defined by the different users that applies the dashboard. To identify this
boundary, following user-centered design approaches have been proposed (Con-
cannon et al., 2019).

Dashboard templates provided by WHO contains visualizations ranging up to
24, an amount that resulted in overwhelming the user. However, limiting the
visualizations such that it is manageable for every user is often not possible in
developing countries. The programs can potentially become too large in terms
of available workers to divide the visualizations into small, organized dashboard
instances. As WHO’s recommended amount was tested in practice and over-
whelmed the users suggests that new guidelines specific for dashboards in the
context of HMIS are needed.

In light of the empirical findings and analysis of the dashboards that were per-
ceived as overwhelming, we can identify causes for information overload as well
as how the dashboard can address the problem. Adopting the revised definition
of a dashboard offered by Yigitbasioglu and Velcu (2012), I argue that, essential
features a health information dashboards must facilitate to enable evidence-
based decision-making, without overwhelming the user, is a limited set of func-
tional and visual features.

DHIS2’s dashboards facilitates a generic nature such that it can serve a broad
user group. The tension between designing generic systems to be applicable on
a global level, while also serve useful in the local context has been identified as
challenging to address in previous research but emphasized as a key development
priority for DHIS2 (Nicholson et al., 2019). One factor is that generic software
requires further customization to be locally adaptable. The following guidelines
are targeted towards dashboard developers, such as DHIS2 core developers, to
implement features that fit the generic nature of the dashboard application,
while also facilitating local adaptability.
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6.4.1 Essential Functional Features

A dashboard’s functional features describe directly what the application can
do. This section provides essential functional features that a health information
dashboard should support in order to address the information overload problem.
First, a description of the recommended features is given before it is summarized
and presented through a table.

Discussion forum with filter

Data sets with incomplete or partial data will remain of poor quality without it
being used (Braa et al., 2012). Thus, I argue that the dashboard should display
visualizations with partial data. Addressing the challenge of inconsistent data
collection or incompleteness can be done in multiple ways, such as contextu-
alizing the incidents through social interactions, as mentioned in section 6.2.
Integrated discussion forums are already implemented in DHIS2’s dashboard,
and its use and value have been identified through the case study. However, it
will only help balance information load and assist with decision-making, when
it is adopted specifically for adding further context to the data, or providing pe-
riodic updates on the performance situation. Designing a discussion forum that
maintains appropriate use can be done by categorizing posted updates with a
visual cue, such as tags or labels (e.g., request for action, or action dispatched).
A filter mechanism can thereof remove irrelevant comments. However, this fea-
ture is optional and not regarded as essential in order to enable decision-making
directly from the dashboard.

Description Template

Default decision templates have the potential to address the information over-
load problem. By defining common or specific goals, and potential actions to
take; decision templates can be applied in different use-cases and reduce the com-
plexity of decision-making processes. Upon creating a visualization, or adding
one to the dashboard, a template should be available to define the objective,
and possible actions to take based on the visualization’s status.

Warning Message

The amount of visualizations a dashboard can contain before information over-
load occurs depends upon the user’s information processing capabilities. During
my literature review, I argued that ten visualizations should be a maximum for
each dashboard instance as this was WHO’s recommended amount for national
HIV coverage1. However, even ten visualizations can result in causing infor-
mation overload through the multiple dashboard instances they are divided
into, causing symptoms such as loss of control of information. Increasing the
maximum to 15 visualizations per user’s requests, I observed improvement and
received positive feedback. As such, I base this recommended value upon my
observations and feedback from the field. If additional visualizations are added
to a dashboard, a warning message should be displayed.

1See WHO’s dashboard templates for DHIS2: https://who.dhis2.org/demo/dhis-web-dashboard/
#/q9qKbXTDgEh
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Focus, Filter and drill-down capabilities

Previous studies have mentioned that a dashboard could benefit from offering
two distinct pages. The initial view page should display the dashboard with the
arranged visualizations. The second page should enable focusing on a specific
visualization, through an analysis page (Concannon et al., 2019; Al-Hajj et al.,
2013). Focusing on specific visualizations will improve attentive processing. Es-
pecially with tabular data with high amounts of cells, which was considered
sub-optimal in the dashboard. Providing a focus capability will remove irrele-
vant information. After a visualization is focused, additional interactive buttons
should be available that enables drill-down mechanisms and toggling between
presentation formats.

While observing the users; minimal use of the dashboard’s filtering mechanism
was registered. This was reported to be of little value as it only filtered organiza-
tion units. Filtering information is a proposed solution to cope with information
overload and should be facilitated (Green, 2016). I argue that this functional
feature is an absolute necessity as it reduces the information load and promotes
positive feedback through interactivity. An improvement for the DHIS2 dash-
board’s filtering mechanism could be to enable filtering on different or multiple
indicators, periods, labels or presentation formats.

Further, as drill-down features are currently not supported by DHIS2’s dash-
board, the application’s limited functional features failed to balance the in-
formation load through interaction. Enabling interactivity through drill-down
features are a necessity to encourage data use and exploration (Zakkar and
Sedig, 2017). A static page with dense information will often overwhelm the
user. This functional feature has been proposed as a key solution for addressing
information overload (Saxena and Lamest, 2018; Yigitbasioglu and Velcu, 2012).
An improvement for DHIS2’s dashboard is to provide this capability despite it
being available in the visualization tools.

Option to hide or move header bar with logo

Renown BI software vendors recommended that dashboards should not display
header bars or logos, as it takes up valuable real estate. The visualizations
at the uppermost part of the dashboard are processed first and should be the
most important. This study revealed that DHIS2’s dashboard, in most cases,
contains a scroll-bar. To increase the overall space; an interactive button can
offer the ability to move or hide the header bar and logo.

Priority Placement

Creating multiple dashboard instances will help organize visualizations accord-
ing to different locations or levels of the health system. Standardization of
the dashboard design should be emphasized to reduce information processing
requirements. This will ease the task of locating specific visualizations when
alternating between dashboard instances. By assigning a priority placement
value to a visualization, the dashboard can validate the arrangement such that
it follows recommended placement. This feature will encourage consistent ar-
rangement such that visualizations occupy the same row and column.
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Re-arrangement, Spacing, and grouping

The dashboard should support re-arrangement capabilities for user-designed
instances. Spacing and grouping capabilities provided positive user feedback.
This functional feature will increase pre-attentive and attentive processing by
enabling users to maximize Gestalt principles.

Multiple Presentation Formats

Lastly, the ability to switch between presentation formats served useful. How-
ever, the alternatives (i.e., tabular data and geographic map) were the least
preferred presentation formats. The ability to switch between different charts
promotes interactivity, which can maintain the balance between the amount
of information a health information dashboard contains and the information
processing capabilities of users situated in developing countries. With these
functional features, the visual features of the health information dashboard can,
in turn, facilitate the perceptual and cognitive aspect of decision-making.

In light of the empirical basis and findings, as contribution, I provide the fol-
lowing functional features as essential for a health information dashboard to
support, in order to address the information overload problem:

Table 6.1: Essential functional features for a health information dashboard.

FunctionalFeature: Description:

Discussion forum with filter 
(optional) Users should be able to categorize and filter periodic updates based on configured categories.

Description template
When adding a visualization, the dashboard should provide an option to assign a template and specify
objective and actions. It should notify users when a visualization is added without one, to encourage
consistency.

Warning message The dashboard should display a message when it contains visualizations exceeding the configured maximum
value (max 15 recommended).

Focus capability Users should be able to expand and focus on a visualization.

Filter capability The dashboard should be able to filter visualizations based on different parameters.

Drill-down capability After focusing on a visualization, users should be able to drill-down to specific periods or organization units.

Option to hide or move
header bar with logo The dashboard should be able to move the header bar or logo for increased space availability.

Priority placement Users should be able to assign priority placement of visualizations, to enable consistent placement across
similar dashboard instances (e.g row placement or number placement).

Re-arrangement Users should be able to arrange the dashboard layout according to their preference.

Spacing and grouping To assist pre-attentive processing, enable spacing and grouping capability to utilize gestalt principles.

Multiple presentation
formats The dashboard should support toggling between multiple presentation formats.

To summarize, discussion forums can improve decision-making, if it provides
visual cues to quickly locate relevant information, or filter out irrelevant com-
ments. Description templates can reduce the complexity of translating infor-
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mation into well-informed decisions. A dashboard should provide two pages,
or view modes. The first page should display an overview of the dashboard
with the added visualizations. The second analysis page, should provide further
interactive capabilities for data exploration. The analysis page should support
drill-down features, and alternating between multiple presentation formats.

6.4.2 Essential Visual Features

Similar to functional features, visual features must consist of a limited set. Too
many visual cues will generate excess clutter and will consequently overwhelm
the user. While too few will render the interpretation process challenging. To
assist with the interpretation process; a dashboard must maximize the power of
visual perception and cognition. This can be achieved by offering visual features,
which refers to how efficiently information is presented to the user. In developing
countries, the required information literacy to use the dashboard cannot be
taken as a given. In order to convey information effectively, the dashboard
designer must possess data visualization knowledge such that the appropriate
presentation format is applied. However, choosing the right presentation formats
is not always enough. This section provides essential visual features specifically
aimed at addressing information overload.

Simple presentation formats and details on demand

Visualizations with crowded, numeric values overwhelmed the user. I argue that,
in the dashboard, visualizations should initially not display numeric values but
allow toggling the values through interaction. In DHIS2, hiding numeric values
is a manual process through the visualization tools. An improvement could
be to enable toggling through interaction, instead of requiring users to redirect
themselves to the specific visualization tools and reconfigure the presentation
format. Additionally, dynamic target lines will reduce the overall visual clutter
instead of an additional indicator. DHIS2 can be improved by forwarding the
calculated indicator value into the target line value as it applies a higher data-
to-ink ratio in its simplicity.

Modifiable Color Coding

Intuitive and natural color coding should be applied when rendering visualiza-
tions while emphasizing the usage of green, yellow, or red to visualize good,
medium, or poor performance (Dowding et al., 2015; Wilbanks and Langford,
2014). A notable aspect in DHIS2 is that the color green is always used, and
the color red will be applied if there are three or more different items displayed.
Red or green should only be rendered if it indicates relatively good or poor
values. This is a limitation that originates from DHIS2’s internal charts API.
HighCharts supports the changing of color coding, an improvement for DHIS2
could be to reflect this capability to the users. Visual cues are essential to couple
with the appropriate presentation format, but users should be able to interpret
visualizations without the use of colors.
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Tool tips, Grid-lines and High data-to-ink ratio

By following simple presentation formats, tooltips that are activated when the
mouse is hovering over the specific values can balance information load and
information use. Grid lines will assist in visual perception. Whereas a high
data-to-ink ratio will reduce overall clutter.

Label Validation

Another aspect of unnecessary information was the chart name and chart title
rendering the same string. A dashboard must convey a clear story that is easy
to digest. Repetitive titles, as shown in Fig 5.3 on page 65, is redundant.
Too many details produce visual clutter that will affect pre-attentive processing
negatively. This is a design guideline that users should be aware of and is
achievable through documentation or implementation changes. As the health
information dashboard already contains a dense amount of information, excess
clutter will add up and increase the chance of users experiencing information
overload. If the descriptive labels are identical, one of either should be displayed.

Dynamic Labeling

Excessive information in displaying multiple organization units increases the
information processing requirements. Visualizations that displays aggregated
data from 3 or more sources (e.g., organization units) should instead display a
number. With a tooltip, additional information can be retrieved that describes
the specific dimension items that are aggregated into the visualization.

Taking these considerations into account, I recommend that the essential visual
features for a health information dashboard are:

Table 6.2: Essential visual features for a health information dashboard.

Visual Feature: Description:

Simple presentation formats Visualizations should initially display the encoded graphical data, without specific numeric values.

Details on demand Users should be able to interact with the visualization to toggle additional details in specific numeric values.

Modifiable color coding Users should be able to modify a visualization's color coding.

Tool tips Visualizations should provide tool tips when the mouse is hovering above the encoded graphical data.

Grid-lines & Maxmimize
data-to-ink ratio Visualizations should support grid-lines and maximize data-to-ink ratio.

Label validation Users should be able to assign a title and subtitle to contextualize the visualization. Visualizations should omit
identical titles and subtitles (i.e., render one of either). 

Dynamic labeling
When more than 3 items (e.g. organization units) are aggregated into a visualization's filter dimension, a 
numeric value with the total count should be displayed. A tool tip should provide further details of specific
dimension items.
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6.5 Reflections upon the study

Limited use cases

Various users with varied technical knowledge apply the health information
dashboard. This study focused on dashboard users that applied the application
regularly, with limited knowledge of DHIS2. Different users focusing on applying
the dashboard at the national level may require reduced functionalities or more.
The DHIS2 dashboard fits the description of all dashboard categories stated by
Few (2007) (i.e. strategic, analytic, operational). Thus, the study could have
captured additional insight and understanding through observations of multiple
dashboard users, focusing on all levels of the hierarchy.

Language Barrier

In the context of HMIS, decision-making processes often involve communication
with co-workers or personnel from other organizations. In Zimbabwe, the native
language is shona which I have no knowledge of. Decisions may stem from col-
laborative efforts that are difficult to assess when there exists a language barrier.
Particular incidents could have been subject to misinterpretation. However, to
address the language barrier, I regularly asked for feedback on the decision-
making process.

6.5.1 Challenges with conducting field work

IS research in developing countries often proves difficult as the context of the
research focus has a chance to be affected either by unforeseen obstacles or from
the available resources that make up the installed base. During my case study,
different challenges emerged due to the unstable situation in Zimbabwe. These
challenges affected the field work in different ways and limited my ability to
conduct my action case study.

Protests and Riots

Upon my arrival, the government had increased the tax on petrol by 150 per-
cent, making Zimbabwe one of the countries with the most expensive fuel prices
in the world (Reuters, 2019a). As the population already lived in severe poverty,
citizens initiated demonstrations that resulted in looting and riots. As a coun-
termeasure, the military controlled the looters and rioters with violence, which
resulted in deadly consequences. To suppress potential videos of violent inci-
dents between civilians and the military circulating social media, the government
blocked incoming and outgoing internet traffic throughout the entire country
(Reuters, 2019b). This resulted in downtime for daily businesses, which also
affected PSI’s daily work routines and ultimately halted my research.

The first week of my stay, business was shut down on a national scale due to
the demonstrations and the loss of network connectivity. The following week,
network traffic was re-established. However, since the data warehouse had not
been receiving any new data, the dashboards were not updated. At this stage,
PSI was also performing an upgrade on their DHIS2 instance to the latest ver-
sion. Due to loss of connectivity; smartphones, tablets, and computers required
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extensive troubleshooting to re-connect with the newly upgraded DHIS2 ver-
sion. In addition to the gas price being raised, the fuel stations had limited or
no petrol available. This, in turn, impaired public transport used by the field
workers for data collection and patients wanting to visit clinics and hospitals.
As a result, the available data from the various reporting schemes were reduced.

Unstable Network Connection

In the wake of the civil unrest, business went back to usual. However, the
general network quality for offices in Zimbabwe is poor. The country has fiber
optic cables inter-connected with nine other countries. Despite this, packet loss
is substantial, and the overall uptime is unstable. Averaging two days a week;
the network was down for most of the day which disconnected PSI’s users with
the back-end server located in the United States of America.

Figure 6.1: Several dashboards had no data to display during the case study.

The health organization had previously installed solutions for these incidents
involving a local server that communicated with the back-end server through
regular updates. The automation that facilitated these updates were incom-
plete and exhibited limitations. In several occurrences, data inconsistencies or
visualizations with no data at all were present within the health information
dashboard. In total, network connectivity was down in two out of four weeks.
The downtime was instead used to gather feedback and performing surveys
from the users’ experience of their existing dashboard instances and usage of
the application.
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Research Approach

The research method used during the fieldwork was of an interpretive nature
with minimal interventions. Due to the unforeseen events, a large portion of the
field work’s time frame was effectively removed. After re-establishing connectiv-
ity, I had to intervene with modifying decision templates, design layout, as well
as asking continuous feedback related to translations. These measures could
be considered as interventions that fall outside the minimal scope. In addition
to this, the cyclical nature of information overload implies that continuous re-
finement is needed. Based on this, Adopting an action research methodology
could have been an appropriate method. There are several frameworks of action
research that does not explicitly involve prototyping or implementation. The
cycle could have been used to create desired change of how users interacted
with the dashboard, as well as desired changes to the design layout itself. How-
ever, to answer the research question, I believe an interpretive approach that
emphasized gaining understanding through participant observation, such as the
action case was sufficient. Triangulating findings from observations, as well as
feedback, made this possible. With deliberate changes within such a limited
time frame, I argue that the feedback would have been affected, such that users
eventually provided positive answers.
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Chapter 7

Conclusion and Future work

This thesis conducted an interpretive qualitative action case study to gain in-
sight and understanding towards the use of health information dashboards for
users situated in developing countries. The goal of the study was to explore
how a dashboard can facilitate evidence-based decision-making without causing
information overload. Before I started my investigation, a health organization
argued that assigning decision templates to visualizations and applying inte-
grated discussion forums was a potential solution. By defining clear goals and
guidelines of potential actions to take based on the presented data, complex-
ity of the decision-making process was arguably reduced. Utilizing an inte-
grated discussion forum to contextualize quantitative data and further assist
with decision-making through social interactions showed both positive and neg-
ative results. Applying decision-rules have been proposed to reduce the chance
of experiencing information overload (Eppler and Mengis, 2002; Edmunds and
Morris, 2000; Ruff, 2002). While enabling social interactions when interpret-
ing visualized information have been stated to improve decision-making (Braa
et al., 2012; Heer and Agrawala, 2008; Al-Hajj and Pike, 2013). In addition to
applying these solutions, different presentation formats, dashboard design and
interactive capabilities were evaluated to answer the following research question:
What essential features must a health information dashboard facilitate to enable
evidence-based decision-making, without causing information overload?

Health information dashboards can be evaluated in terms of how users interact
with the application. The users are interacting with the application through
its functional and visual features. In order to facilitate evidence-based decision-
making, these features must consist of limited capabilities. To balance the
information load, the visual features must provide visual cues in addition to
the functional features offering interactive capabilities to encourage data explo-
ration. However, too many visual features will produce excess clutter. While
too many interactive features will cause excessive feedback and ultimately ren-
der the dashboard as overwhelming for the user.
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In order for a health information dashboard to reduce the chance of produc-
ing information overload, guidelines provided in section 6.4 should be followed.
However, the point at which information overload occurs varies depending on
the user. This means that, in order to address this problem, continuous refine-
ment and adjustments of the dashboard design is required. I cannot claim that
I have solved users problem of experiencing information overload. Rather, I
have illuminated how it can happen. In light of the findings, I would argue that
following the recommended design guidelines when implementing, and designing
a dashboard - the chance of experiencing information overload can be reduced.
However, this involve dashboard implementers to not develop too many features
as well as dashboard designers applying them sufficiently.

7.1 Future work

Extant literature views dashboards as a potential solution to information over-
load (Al-Hajj and Pike, 2013; Saxena and Lamest, 2018; Yigitbasioglu and Velcu,
2012), but identifies information overload as one of the key challenges of effective
dashboards (Wilbanks and Langford, 2014). Research on the use and effect of
dashboards as well as how they can be evaluated is hard to come by. Thus, fur-
ther improvement on DHIS2’s dashboard coupled with in-context research can
provide fruitful results. Both related to dashboard design, information overload
and conceptual frameworks to evaluate dashboards.

Further development of DHIS2 dashboard

The DHIS2 dashboard application is under further development and have room
for additional improvement. As of now, DHIS2’s dashboard enables filtering
only on organization units. Additional filtering capabilities related to periods
or indicators as well as drill-down features within the dashboard is a potential
solution to reduce information load and improve its ability to facilitate evidence-
based decision-making.

Standardized decision templates are primarily used by the health organization
PSI which I studied. However, its underlying functionality and intended goal is
applied by all other health organizations that utilize DHIS2. When monitoring
the performance of a health program through visualizations, health organiza-
tions do so to reach a specific goal by acting on the data. Having a clear set
of guidelines integrated with each visualization will enable users to reduce com-
plexity of the tasks related to evidence-based decision-making, without spending
excessive time on analyzing the presented data.

Implementing built-in drill-down capabilities for each presentation formats, with
increased filtering mechanisms, along with standardized decision templates have
the potential of improving the DHIS2 dashboard. Enabling an analysis page
with additional interactive capabilities, coupled with in-context research of its
usage, can provide basis for further research on how dashboards should be de-
signed and used.
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Integrated communication in DHIS2

Enabling communication with field workers, clinics and hospitals at the oper-
ational level and connecting them with the managers and decision-makers at
strategic level can offer improved communication and work efficiency. Apply-
ing a communication strategy that is in an incomplete state, as the integrated
discussion forum is now, will result in users exploring other alternatives or tra-
ditional methods. Supporting integrated communication within DHIS2 when
working with big data provides opportunities to both contextualize the results,
document the collaborative effort, while also enable communication between
involved parties. As e-mails and intranets increase the number of informa-
tion items and acts as a known source of information overload, removing those
streams completely have potential to influence both the dashboard and other
sources in the organizational setting that can cause information overload.

The current functionality in DHIS2 is integrated with capabilities of notifying
other users that are involved with collecting data or monitoring specific visu-
alizations. Additionally, by tagging other users, an e-mail will be sent with a
notification through DHIS2’s messaging application. However, this functional-
ity did not work and field workers or managers never received a notification.
This resulted in the DHIS2 dashboard users and program managers regularly
checking up on a visualization to see if any new comments have been posted.
The field workers that had smart phones or tablets would also not receive any
updates if they were involved or being tagged. As a result, the discussion forum
had lost its value and users had started to use regular e-mails and text messages,
as the feature now effectively worked only as a documentation tool and not as
a communication tool.

Facilitating two-way communication such that data collectors with smart phones
and a DHIS2 application, or mobile phones able to receive SMS, all relevant
parties of the health system could communicate through DHIS2. Enabling this
possibility, such that it becomes a complete push to pull technology, would im-
prove the value of the discussion forum and ultimately reduce the chance of
experiencing information overload by removing additional sources of informa-
tion streams. Additionally, categorizing the updates such that only relevant
information is presented by the visualization can further improve its value.
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