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Community-Oriented Primary Care (COPC) 
in the City of Tshwane (South Africa) -
A Web Map Application in Support of 
Responsive and Dynamic Health Care 
Community-Oriented Primary Care (COPC} in der City of 
Tshwane (Sildafrika}- Webmapping filr eine responsive, 
dynamische Gesundheitsfilrsorge 

Li lija Friesen, Gertrud Schaab (Karlsruhe), Serena Coetzee, Victoria Rautenbach, 

Tessa Marcus, Jannie Hugo (Pretoria, South Africa) 

A purpose-built mobile data collection application is used to plan and implement community-oriented primary 
care (COPC) in a pilot project in the City of Tshwane (South Africa). Web reports present the data in the form of 
tables, graphs and point maps, but other types of thematic maps have not yet been implemented. We describe a 
proof-of-concept web map application that presents the COPC data in different cartographic representations. To 
reveal spatio-temporal patterns and correlations in the daily growing dataset, the user can choose between 
choropleth maps, segmented proportional circle maps, or a combination of these. The data is shown aggregated 
by administrative unit or by regular grid cell. As the user zooms in, the aggregation level automatically changes 
to smaller aggregation units. The setting of a threshold ensures data privacy protection. Spider diagrams link 
households visited by community health workers during a user-specified period to the sending clinic. The web 
maps can empower those involved in COPC to dynamically tailor health care provision to the complexity of people's 
health needs. It is a valuable addition to the mobile application and web reports, and could contribute to more 
effective and efficient service delivery to meet the specificity of localized needs. 
• Keywords: web mapping, thematic maps, health care, health geography, South Africa 

In einem Pilotprojekt zur Planung und lmplementierung von Community-Oriented Primary Care (COPC) wird in der 
City ofTshwane (SUdafrika) eine spezie/1 angefertigte mobile Datenerfassungsanwendung eingesetzt. Webre ports 
prasentieren die Daten in Form von Tabellen, Graphiken und einfachen Positionskarten. Andere thematische Karten 
wurden jedoch bislang noch nicht generiert und eingesetzt. Entsprechend wird eine Machbarkeitsstudie zu einer 
Webmapping-Anwendung beschrieben, welche die COPC-Daten anhand unterschiedlicher kartographischer Re
priisentationsformen visualisiert. Um raumzeitliche Muster und Korrelationen im taglich wachsenden Datensatz 
aufzudecken, kann der Nutzer zwischen F/Ochenkartogramm-Darstellungen, so/chen mit gegliederten Kreisdia
grammen oder einer Kombination a us beiden wah/en. Dabei werden die Daten auf administrative Einheiten oder 
regelmaf3ige Gitterzellen aggregiert dargestellt. Betrachtet man das Kartenbild im grof3eren Maf3stab, passt sich 
die Aggregationsstufe automatisch an. Das Setzen eines Schwellenwerts stellt dabei den Datenschutz sicher. 
DemgegenUber ermbglichen es Kartendarstellungen mit ,.Beziehungsnetzen", die Verbindungen zwischen von 
Gesundheitsarbeitern besuchten Haushalten und den zugehbrigen Gesundheitsposten fUr frei wah/bare Zeitab
schnitte aufzuzeigen. Mit den Web-Karten werden die in COPC lnvolvierten befahigt, die GesundheitsfUrsorge 
dynamisch an die Komplexitiit der BedUrfnisse anzupassen. Dam it stellt die Webmapping-Anwendung eine wert
valle Erganzung zur mobilen Anwendung und den Berichten dar, do sie zu einer effektiveren und effizienteren 
Bereitstellung von Services, diejeweils den lokalen BedUrfnissen entsprechen, beitragen kann. 
• Sch/Usselworter: Web Mapping, Thematische Kartographie, Gesundheitsvorsorge, Gesundheitsgeographie, 
SUd afrika 

ing backlogs, shortage or inaccessibility of live on the urban fringes (Jurgens et a!. 

In search of a better life, people all over the 
world are moving into urban areas (Ogura 
1996). South Africa is no exception. Hous-

housing subsidies and the high costs of 2013; Huchzermeyer Et Karam 2006; Rich-

living in the city coupled with low income ards eta!. 2006). Poor living conditions and 

or unemployment force many hopefuls to limited access to health care make people 
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highly vulnerable to various socio-econom
ic problems (United Nations 2016). Infec
tious diseases, especially HN/AJDS and 
tuberculosis (TB), together with high moth
er and child illness and death are among the 
most significant health risks in South Africa. 
With only 0.7 oro of the world population, 
the country has 17 oro of all HIV infected 
people and a TB co-infection rate of 73 oro 
(Health Department 2011). Additional chal
lenges come" in the form of non-communi
cable diseases (especially diabetes, cardio
vascular diseases and mental health) and 
high levels of violence and injury. Alltogeth
er, these health risks account for the top ten 
causes of preventable death and avoidable 
ill-health in South Africa (Pillay et al. 2017). 

Recognizing that the scale and complexity 
of the disease burden and the current struc
ture of the health care system were unable 
to address these challenges, the National 
Department of Health introduced policies 
designed to make primary health care more 
effective. Most importantly, these policies 
included National Health Insurance and an 
overhaul of primary health care to achieve 
universal health coverage. To achieve the 
second objective, the Department introduced 
the concept of ward-based outreach teams 
(WBOTs), where community health workers 
(CHWs) extend primary care services from 
clinics and hospitals to individuals and 
households in communities (Marcus et a!. 
2017). 

The Department of Family Medicine at the 
University of Pretoria took this opportunity 
to integrate service, learning and research 
into a community health platform for the 
City of Tshwane (see Figure 1, Top). Their 
solution applies the principles of communi
ty-oriented primary care (COPC), a geo
graphically-based comprehensive approach 
to health care service delivery that starts 
with individuals and families in their homes 
(Marcus 2015). In collaboration with private 
sector partners they created AitaHealth" ', a 
purpose-built data collection, support and 
management system for COPC. Using web 
and mobile phone technology, team leaders 
and CHWs, assisted by doctors and other 
clinicians, plan and adjust their daily oper
ations according to this data (see Figure 1, 
Bottom) (Marcus and Hugo 2017). 

The information collected by CHWs is held 
in a centralized database. An analytics plat
form available to team leaders, sub-district 
managers and district managers presents the 
information in the form of tables, graphs 
and maps. This makes it possible for them 
to support CHWs in real time, and to support 
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Fig. 1: Top: View of Mamelodi East in the City of Tshwane, South Africa (Source: Gertrud Schaab). Bottom: COPC 
community health workers recording information in the City of Tshwane (Source: Department of Family Medicine, 
University of Pretoria) 

planning and management of individual 
CHWs and teams. Currently, maps are lim
ited to point;s-frepresenting the location 
where the information was recorded) on a 
backdrop of satellite imagery. The points can 
be displayed in different colors based on 
attribute values, e. g. based on the food 
security status of the household. The plat
form does not include more sophisticated 
thematic maps, such as choropleth or pro
portional symbol maps, in which the data is 
aggregated and processed so that spatial 
patterns can be discovered and analyzed 
more easily. Such information would be 
invaluable for tailoring health services to 
localized spatial patterns of health needs. 
The thematic maps could also be useful for 
fine-tuning the use of scarce resources, e. g. 
by optimizing the time and travel distances 
ofCHWs. 

In this paper, we describe a prototype web 
map application, which presents the COPC 
data according to different cartographic 
representation methods. The aim is to reveal 
spatial patterns and spatial correlations 
between variables in the COPC data to en
hance planning and coordination of health 
care services. The web maps can empower 
those involved in COPC to dynamically 
tailor service provision to the complexity of 
primary health care in the home. In section 
2, we provide background from literature on 
cartography and health. Section 3 describes 
the study area, the COPC data and the re
quirements for the web map application. 
Section 4 presents the design and imple-

mentation of the web map application. In 
section 5, we discuss the implemented 
functionalities and the usefulness of the 
application for COPC, and conclude with an 
outlook. 

2 Cartography and health 

2.1 History and evolution 
of geomedical maps 

According to Schweikart Et Kistemann 
(2013), maps have a long tradition in modem 
medicine, public health and epidemiology in 
visualizing the spatial dimension of health 
and diseases. It started with depicting the 
spread of epidemics, also for testing hypoth
eses on the causes. The World-Atlas of Epi
demic Diseases (1952- 61) and its earlier 
edition for the first time included landscape 
and ecological features which influence the 
spread of diseases and the behavior of the 
transmitting faunal species (Witt 1970). 
However, already in the first scientific com
pendium on cartography, Max Eckert's "Die 
Kartenwissenschaft" published in 1921/25, 
medical maps are described as disease maps 
versus health or sanitary maps. 

Since the late 1960s, the topics of geomedi
cal maps have become more varied (cp. 
Kistemann Et Schweikart 2010 and 
Schweikart 2013). Schweikart Et Kistemann 
(2013) list six main topics found in maps of 
very different scales: health conditions, 
health risks, health care, infrastructure use, 
costs, and demographic or socio-economic 
structure of the target population. Such maps 



provide the basis for geographic analysis 
thus contributing to policy-making by com
paring performance measures (working e. g. 
with benchmarks); through location-alloca
tion studies (balancing supply and demand); 
by mapping health care facilities and their 
accessibility; or by map comparison (sug
gesting correlations) (Zwakhals eta!. 2013). 
Three types of information on geomedical 
maps can be distinguished: location data of 
health-relevant objects and their relationship 
to the environment; data on the population, 
health status and health-relevant behavior 
plus living conditions; and data on 
health-relevant events and environmental 
conditions, such as disease foci, natural 
disasters, climate, environmental pollution 
and disease vectors (Pieper & Franke 2017). 

This expansion of topics from disease ecol
ogy to health services was accompanied by 
a reinvention of medical geography as the 
geography of health through adapting social 
role and 'cultural tum' discourses, which 
consider the subjective experiences and 
perceptions of illness and health, health 
behavior and care resulting from the social 
interactions in daily life (Kistemann 8: 
Schweikart 2010). In other words, disease 
mapping evolved into health mapping (Pip
er & Franke 2017). While health research 
recently claimed a 'spatial tum', the use of 
geospatial tools in public health and medi
cine was established more than 20 years ago 
and is standard all over the world (Kis
temann 8: Schweikart 201 7). 

2.2 Cartography of geomedical maps 

Witt ( 1970, referring to Jusatz) summarizes 
geomedical maps as either location maps 
(using point symbols), distribution maps 
(areal representations, in parts making use 
of standardized values), or maps depicting 
extents (to visualize the course of an epi
demic). Schweikart 8: Kistemann (2013) 
consider the following to be the most im
portant map types: location maps, diagram
metric maps, choropleth maps and flow 
maps. Pieper & Franke (2017) point to spe
cial map types, instead of just flow maps, 
and distinguish between complex maps (of 
several information layers that reveal rela
tions between variables), flow maps, car
tograms, dasymetric maps, and aerial or 
satellite image maps. 

When consideri ng tools and techn iques for 
mapping and spatial analysis, Scharlach & 
Dreesman (2013) point to free map or aerial 
image services, geographic information 
systems (GIS), spatial regression and cluster 
analyses, dynamic prognosis models, the-

G. Schaab et al.: Community-Oriented Primary Care in South Africa I WEB MAPPING 

matic maps, map-based information systems 
as well as animations. The authors describe 
map-based information systems as tools for 
linking map information with other media, 
therefore allowing interactive data queries. 
The latter is termed 'clickable maps' by 
Zwakhals eta!. (2013), while Samarasunde
ra eta!. (2012) refer toe-health atlases. 

GIS in particular can help to describe and to 
explain inequali ties in public health and 
their consequences. However, high costs of 
GIS and the required data can be a hin
drance for institutions in developing coun
tries (Kistemann 8: Schweikart 2010). In 
resource-constrained areas of public health, 
open source alternatives are therefore 
sought (Evans Et Sabel 2012). Whether in a 
desktop GIS or by means of web map ser
vices, the cartographic representation meth
ods of today reach back to the 19th century 
(Scharlach Et Crom 2013). The only differ
ence is that today's technologies facilitate 
access to health data and mapmaking (Pie
per 8: Franke 2017). 

Geovisual analyt ics tools are particularly 
useful for exploring multivariate spa
tio-temporal health datasets to understand 
trends and spatial distribution of diseases in 
relation to potential external influencing 
factors (Turdukulov Et Mancrieff, 20 16). 
These can be even further extended enabling 
the spatio-temporal simulation and visual
ization of pandem ics (e. g. Maci~jewski et 
al. 2011). 

In this article, we illustrate the use of car
tographic representation methods in an in
teractive and dynamic web map environ
ment for making an ICf-enabled primary 
health care system flexible and responsive 
to the complex and dynamic nature of 
health care needs. In contrast to supporting 
planning, monitoring and policy making by 
means of maps, the aim with the web map 
application is to be integrated into the op
erations of a primary health care system. 

3 Methods 

3.1 Study area and data 

The City ofTshwane Metropol itan Munici
pality (Tshwane) is located in the Gauteng 
province, in the north east of South Africa. 
The data for this study was collected by 
community health workers in selected 
areas of the City of Tshwane, as shown in 
Figure 2. 

Although Gauteng is the smallest of the nine 
provinces in South Africa, it has the highest 
population density with approximately I 4,3 
million people living in an area of 18,182 
km2 (788 people per km2) (Statistics South 
Africa 2017a). The Gauteng gross domestic 
product (GOP) was 33.8 Ofo of the national 
GOP (in 2013), and attracts people, especial
ly from the rural areas in South Africa, in 
hope of better living conditions, work and 
education opportunities (Gauteng City-Re
gion Observatory 20 17). An unemployment 

Fig. 2: Distribution of COPC data for the City ofTshwane in South Africa collected since 1.1.2014 until start of the 
development of the COPC web map application in April 2017 (Data sources: Department of Family Medicine, 
University of Pretoria; City ofTshwane Metropolitan Municipal ity; Municipal Demarcation Board) 

II 
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Data Layer Application Layer Presentation Layer health conditions or between health condi
tions and environmental information re
corded in the COPC data. The web maps 
should enable them to reveal correlations 
and patterns, to analyze and/or confirm 
theories, to spatially analyze COPC service 
delivery and to present maps about COPC to 
a wider audience. The web map application 
resembles some characteristics of a manage
ment information system because it can be 
used to streamline operations and to plan 
interventions. 

PostgreSQL with PostGIS 

EJ 
Web Browser 

HTML 
~..:.::..::=:.:::...~ . JavaScript & jQue~y 

Bootstrap 

Fig. 3: Software architecture of the COPC web map application 

rate of approximately 30 o;o is the cause of 
many challenges (Statistics South Africa 
2017b). 

holds (and the individuals associated with 
it) is known, the large number of attributes 
holds much potential for spatial analysis. 

The functional and non-functional require
ments for the web map application were 
determined through informal interviews 
with representatives of the Department of 
Family Medicine. The functional require
ments (Table I) cover the functionalities of 
the web map application and some aspects 
of the cartographic requirements. 

The COPC data contains a single record for 
each household, describing the general 
health status of the household, the living 
conditions of the dwelling (e. g. size and 
windows of dwelling, source of water, 
source of energy, sanitation, refuse, danger
ous substances, pets, pollution) as well as 
other household characteristics, such as 
demographics (e. g. children under five) and 
socio-economic status (e. g. income, food 
security risk). With the first visit to the 
household, a triage is conducted to deter
mine whether anyone in the household is 
exposed to health risks that require imme
diate attention, such as HN/AIDS, TB or 
food insecurity. For any individual exposed 
to such a health risk, a record with answers 
to a set of questions assessing the risk is 
added to the COPC data. During subsequent 
visits, a record of an updated assessment 
about the individual's health risk is added, 
if necessary. This makes it possible to ob
serve changes over time. The data for this 
study contained information about 101,960 
households, 310,844 individuals and 225,511 
visits. Because the location of the house-

3.2 Requirements 

Community-based health care services work 
in the geographical catchment areas of fa
cilities. The catchment areas are demarcated 
according to the flow of people and services 
within geographic and health infTastructure 
real ities. Family physicians or other clini
cians support the management and delivery 
of health care in the catchment area, includ
ing services del ivered to households in 
communities. They work closely with 
sub-district, fac ility and other managers. The 
target user group of the web map application 
are team leaders, facility and district and 
sub-district managers as well as clinicians 
who are responsible for managing the work
load among teams. They may also find the 
web maps useful fo r managing service de
livery across facil ity catchment areas. 

Users of the web map application are fa mil
iar with the principles of community-orient
ed primary health care, including the triage 
questions posed to individuals. As health 
care professionals they know of the possi
bility of correlations between different 

The main focus of the non-functional re
quirements (Table 2) is to ensure that the 
web map application can be extended in the 
future. Usability and accessibility are impor
tant considerations for the particular target 
audience to ensure ease of access and good 
experience when using the application. 

4 Implementation and resu lts 

4.1 Software architecture 

The web application was implemented as a 
standard three-tier software architecture, 
presented in Figure 3. For the prototype, the 
Apache server from the XAMPP package 
was used as web server. For an operational 
implementation, this can be replaced with 
any other web server. The geospatial data
base and map server were implemented 

Tab. 1: Functional requirements of the COPC web map application 

Functionality 

Geospatial database with CRUD 
(create, read, update, and delete) 

Aggregation data per administrative units 
and grid cells 

Basemaps and additional geospatial datasets 

Opacity of map layers 

Map functionalities 

Display attribute information on click 

Side menu bar for selecting the type of map 

Filter the data to be displayed on the map 

Description 

The COPC data needs to be stored in a geospatial database that allows the database administrator to regularly 
update the various tables. 

A stored procedure that is triggered automatical ly to aggregate point data per administrative unit and grid cell 
whenever data in a database table is updated. 

The user should be able to choose between different basemaps. Additional datasets are included to provide or 
highlight context. 

The opacity of (additional) basemap layers and some thematic map layers can be set by the user. 

View a defined area (bounding box) at a fixed number of zoom levels between 1 :500,000 and 1:2,000. Thematic 
data is aggregated to reference units appropriate for the respective scales. A dynamic scale bar should be provided. 

Display attribute information whenever the user clicks on a symbol (feature) of some layers. 

The user should be able to change the type of map through a side menu bar. Other functionalities will also be 
available on this menu bar. 

Filter out any data that could compromise the privacy of households. Allow the user to set a temporal filter, 
aggregation method, dataset and topic. 
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Tab. 2: Non-functional requ irements of the COPC web map application 

'MI!.l.M* Description 

Accessibility The application should be easily accessible and work on any operating system and 
browser. For this reason, a web application is suitable as it does not require any 
installation of software. 

Documentation The code needs to be documented to ensure that other developers can extend the 
functionalities in the future. 

Costs Freely available data, open source tools and libraries will be used to reduce licensing 
constraints and the cost of developing and maintaining the application. 

Usability Given the non-technical target audience, the application should have a high degree of 
user friendliness (i.e. the user interface should be self-explanatory). 

Performa nee The web map application should have acceptable/reasonable response times for the 
bandwidth currently available to users in the target audience group. 

lnteroperability The web application should be designed to render correctly on all operating systems 
and browsers. 

Tab. 3: Software products used in the implementation of the COPC web map application 

Software product Used for 

Web server Apache server (XAMPP) 7.0.9 

PostgreSOL 9.6.2 and PostGIS 2.10.3 Spatial data storage 

GeoServer 2.10.3 Map server with web services based on the OGC Web Map Service 
(WMS) and Web Feature Service (WFS) specifications. and the OGC 
Styled Layer Descriptor (SLD). 

JavaScnpt and J0uery Clientside scripting 

Leaflet and related plug ins Interactive web maps, using the leaflet-sidebar for the main menu, 
TimeSiider for selecting time periods and leaflet-piechart for proporti
onal circle symbols. 

Geostats Classification of quantitative data 

Bootstrap Responsive web design 

using the latest versions of PostgreSQL, 
PostGIS and GeoServer at the time of devel
opment. Table 3 provides a comprehensive 
list of software products used in the imple
mentation. This combination of products 
makes it possible to use the web application 
in any operating system or web browser. 

4.2 Graphical user interface (GUI) 

The GUI of the web map application was 
designed to be clean and simple. Figure 4 
illustrates the GUI with a map of the City of 
Tshwane regions on top of OpenStreetMap 
as basemap. The landing page consists of 
the map view and a side bar to the left The 
side bar can be collapsed to provide more 
space for the map. It is the main element for 
user interaction, namely for configuring and 
creating the thematic maps. The controls on 
the sidebar tabs of different map types are 
placed consistently to promote an intuitive 
user experience: the general settings (priva
cy threshold, timespan and aggregation 
option), fo llowed by topics and other op
tions at the bottom. 

In a floating menu to the right, the user 
toggles between the OpenStreetMap and 
OpenTopoMap basemaps with radio buttons. 
Additional basemap layers can be switched 
on or off with check boxes. The opacity of 
the basemap and layers is set with slider 

• 
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Fig. 4: GUI of the COPC web map application 

bars. The basemap and layers provide 
context, e. g. for a choropleth map accord
ing to City of Tshwane regions of which 
the boundaries are not necessarily known 
to the user. The content of the legend 
(center right) is generated dynamically 
based on the thematic map that was created. 
The legend appears automatically as soon 
as the user creates a map, and it can be 
expanded or collapsed by pressing the 
key icon. 

4.3 Aggregation and 
multi-scale representation 

The web map application allows two means 
of aggregating the COPC data: by adminis
trative units (City of Tshwane regions and 
wards) or by regular grid cells. The former 
enables direct comparison to official statis
tical data, and therefore facilitates the link
ing to decision-making outside COPC that 
is based on the same administrative units. 
The regions are visible between I :500,000 
and 1 :250,000, and the wards between 
1: 150,000 and I :2,000; the grid cells aggre
gate the COPC data to a width of 5 km 
(1:500,000-1:250,000), 2.5 km (1:150,000-
1 :35,000) and 0.5 km (I: I 5,000- I :2,000) 
respectively. Administrative units tend to 
indirectly reflect population density because 
smaller administrative units are usually 
found in areas with a larger population. Grid 
cells, on the other hand, make it possible to 
compare the spatial distribution of a theme 
across uniformly sized cells. With smaller 
spatial reference units, one has to take care 
not to infringe on the privacy of individuals 
when a map is presented to a wider audience 
outside the target user group (e. g. for train
ing purposes). The privacy threshold setting 
ensures that maps display information only 
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number of COPC-registered households per 
ward. The colored segments reveal the pro
portions of dwelling types inhabited by the 
households in the different wards. In the 
Western part, houses make up the largest 
proportion of dwellings, in the centre, 
shacks are predominant, and towards the 
East, houses and shacks dominate. The more 
intensive shades of blue represent a larger 
percentage of food secure households per 
ward. Contrary to what one would think, in 
the center part of the map there is no cor
relation between shacks and food insecurity 
at ward level. 

However, studying the distribution of dwell
ing types and food security status on a grid 
net map of high resolution could reveal 
spatial variations within the ward. Mapping 
data for a shorter time period is likely to 
show local effects, as averaging data over 
the entire period of data collection is known 
to smooth the pattern. When interacting 
with the map in search of spatia-temporal 
patterns, particularly when analyzing the 
data at various aggregation levels, the back
drop of the full standard OSM basemap 
helps with orientation in space. 

Fig. 5: Dynamically adjusted multi-scale representation for choropleth (Top) versus chorodot/grid net method 
(Bottom) 

4.5 Revealing relationships 
in spatial patterns 

The spider diagram map in Figure 7 reveals 
spatial patterns in the visits to households 
by CHWs working for a specific clinic or 
health post. The map can be produced for 
different time periods, e. g. weekly (then 
displaying a time line in the side bar menu) 
or for all data. Household locations are 
connected with straight lines to the clinic 
where CHWs meet each morning to discuss 

for spatial reference units with more values 
than the current privacy threshold. 

The aggregation level of the COPC data is 
dynamically adjusted as the user zooms in 
or out, supporting thematic multi-scale 
representation (Figure 5). Here, the aggrega
tion to administrative units leads to a choro
pleth depiction while the aggregation to 
regular grid cells results in a chorodot or 
grid net depiction. The thematic values are 
always classified into five classes according 
to Fisher-Jenks. This optimal classification 
minimizes the differences in values within 
one group, while the differences between 
two neighboring groups are maximized 
(Slocum et al. 2009). Special care was taken 
not to change value class assignment while 
zooming through the different spatial reso
lutions, i. e. values ranges per class are 
constant, regardless of the zoom level. 

4.4 Revealing correlations 
in spatial patterns 

The purpose of thematic maps is to visually 
reveal spatial patterns and correlations in 
spatially referenced multivariate data, as 
seen in the map of the larger Mamelodi area 

in Figure 6. The map presents the food se
curity status of households by means of the 
choropleth method together with the type 
of dwelling by means of area-proportional 
circle symbols. The spatial reference unit is 
the ward. The size difference in circle sym
bols reveals the spatial distribution in the 

Fig. 6: Multivariate mapping at ward level for COPC households in the larger Mamelodi area using area 
proportional segmented circles for dwell ing type and the choropleth method for food security status, considering 
the entire data collection period 
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be aware that aggregation to different spa
tial units results in differing spatial patterns 
plus different correlation and regression 
analysis results, which is known as the 
Modifiable Area Unit Problem (MAUP) (Au
gustin eta!. 2016; see also Samarasundera 
eta!. 2012). Therefore, it is important to stick 
to the same value class assignment for an 
areal depiction of differences when dynam
ically zooming in or out on a thematic 
multi-scale representation. The Small Num
bers Problem (SNP), where rates based on 
small population counts per enumeration 
unit or reference area can lead to high var
iance in these rates and would thus not be 
statistically valid (Augustin et a!. 2016) is 
counter-acted by the approach of working 

Fig. 7: Spider diagram map of COPC household visits per cl inic in the Mamelodi area for the entire data collection with a privacy threshold. 
period 

their plans for the day and from where they 
depart for the household visits. Visits orig
inating from a specific clinic are represent
ed by the same line colour. For weekly maps, 
thicker lines indicate more than one visit per 
week, i. e. a higher and/or more urgent need 
for health care. This could help the teams to 
plan their weekly consultations. 

The line end points reveal the spatial distri
bution of health care needs. If this is con
centrated e. g. in one part of a ward, the 
CHW team could adjust their operations 
accordingly or plan a specific intervention 
there (e. g. if all visits identified children 
under five and in need of immunization). 
Furthermore, this map type could inform 
timely and/or periodic reorganizing into 
more efficient team sizes to meet the com
plex health needs on the ground. The map 
in Figure 7 reveals that there is an overlap 
in the catchment areas of the clinics. Final
ly, showing the spider diagram map to 
CHWs could motivate them to continue their 
good work. Seeing that the data they are 
capturing is actually used can lead to un
derstanding and pride. 

5 Discussion and outlook 

The COPC web map application is a proof
of-concept implementation meeting the 
requirements specified in section 3. In this 
section, the cartographic functionalities are 
discussed in comparison to similar applica
tions, mainly in the field of health care. This 
then leads to the COPC web map applica
tion's usefulness for contributing to flexible 
and responsive COPC so that dynamic health 
care for a complex situation can be achieved. 

In this regard, we conclude with suggestions 
and options for the way ahead. 

5.1 The COPC web map application's 
functionalities in comparison to 
related work 

Examples of visualizing health data at dif
ferent administrative aggregation levels can 
be found in Der Versorgungsatlas (health 
care atlas) for Germany (https:l/www.ver
sorgungsatlas.de/der-versorgungsatlas/) and 
the Dutch National Atlas of Public Health 
and Health Care (https:l/www.volksgezond
heidenzorg.info/onderwerp/atlas-vzinfo/ 
alle-kaarten# !node-alfabetisch-0). With the 
latter, data can be viewed by health regions, 
municipalities and postal codes, thus show
ing spatial distribution even within the 
municipalities (Zwakhals eta!. 2013). Click
ing on a magnifying glass icon placed on 
Vienna region, the Austrian genderATias 
(http:l/www.genderatlas.at/) zooms into a 
depiction of finer administrative units for 
that region. However, these atlases do not 
dynamically change to finer levels of detail 
(LoD) when zooming in. That is, the maps 
do not dynamically change to an appropri
ate spatial resolution suitable for the map 
zoom level, as described by Turdukulov a 
Moncrieff (2016) for a health research pro
totype visualization tool for Western Aus
tralia. It is also the case in the US-American 
NCI Cancer Atlas supporting states and 
counties. 

The COPC web map application displays the 
same attribute(s)/variable(s) at different 
spatial resolutions in a multi-scale thematic 
representation, this not just for administra
tive units (regions and wards) but also for 
regular grid cells (three LoD). One needs to 

Health data is considered highly sensitive. 
Privacy and ethic constraints demand that 
health statements cannot be linked back to 
individuals (Augustin et a!. 2016). For this 
reason, within the federal system of Germa
ny, addresses are not forwarded to -health 
data collections at the state or national 
level. This protects privacy, but hinders 
detailed data analysis because the resources 
for a spatial analysis are often only availa
ble at state or national level (Scharlach a 
Dreesman 2013). The huge potential of 
COPC point data to be analyzed directly 
therefore asks for an efficient means of 
ensuring data privacy protection. Currently, 
the prototype implements a user-defined 
privacy threshold for data privacy protec
tion. In future work, a refinement of the 
prototype should assist the user by suggest
ing a minimum threshold value based on 
the input data. The US-American NCI Cancer 
Atlas (https://gis.cancer.gov/canceratlas/) 
seems to follow a similar approach. In that 
case, the threshold is displayed in a pop-up 
window when studying the grayed-out 
enumeration units. 

Schweikart a Kistemann (2013) state that as 
a rule, health data visualization is very 
much limited to the choropleth method, i. e. 
the cartographically simplest map type for 
visualizing quantitative data. Often the 
software InstantAtlas is used, which allows 
combining such maps with the statistical 
data in an interactive web solution by add
ing visual analytics features. Zwakhals eta!. 
(2013) point to the great advantage of using 
numerous mapping methods instead of 
"Publishing dull sets of choropleth maps" (p. 
30), while Pieper a Franke (2017) suggest 
the use of choropleth maps, as these are easy 
to read and understand. Contrary, Kriz a 
Pucher (2017) and Witt (1970) point out that 
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choropleth maps are visually misleading, in 
particular if the variables are not related to 
the areal size of the reference units and if 
these strongly differ in size. The benefit of 
chorodot maps is that their grid cells are of 
equal size and, therefore, facilitate compar
ison. In case of choropleth maps, the advice 
is to enrich the areal depiction of the stand
ardized variable by the related absolute 
figures represented by proportional symbols 
(see Augustin et a!. 2016; Witt 1970}. The 
COPC web map application offers the pos
sibility to visually combine the choropleth 
or chorodot/grid net method with segment
ed proportional circles. In this way, counts 
are combined with standardized values, 
providing more meaningful information and 
revealing correlations between the spatial 
distributions of up to three phenomena in 
complex maps. 

According to Pieper a Franke (2017), the 
basemap should omit any topographic fea
tures that are not absolutely necessary for 
interpretation or orientation. Traditionally, 
thematic maps depicting area statistics are 
limited to the boundaries of the spatial ref
erence units. In contrast, the COPC web map 
application provides OSM basemaps with 
additional layers for orientation. The trans
parency of the basemap and layers can be 
set. Another rare example of rich basemap 
content can be seen in The Dartmouth Atlas 
of Health Care (http://www.dartmouthatlas. 
org/). However, the transparency of overlay 
map layers cannot be adjusted nor are the 
legend's color keys for the choropleth map 
layer adjusted. Evans Et Sabel (2012) offered 
a transparency option in the European-scale 
spatial visualization tool for health exposure 
assessment. For the prototype discussed 
here, the transparency setting applies to the 
thematic content on the map face as well as 
the legend. This, together with the dynamic 
(multi-scale} and flexible (feature-wise) 
basemap facilitates reading the COPC maps 
and understanding patterns on them. The 
need for rich basemaps can be attributed to 
the fact that the boundaries of the City of 
Tshwane regions and wards are not widely 
used and therefore not generally known. 

The Web Mercator projection has become 
the de facto standard for multi-scale web 
maps, which make use of readily available 
rendered tiled map services (Stefanakis 
2015; Mtiller 2015} as they are also used in 
the COPC web map application. Due to 
computation efficiency reason, the projec
tion is neither strictly conformal nor does it 
suit thematic mapping of distributions, 
which requires an equal-area projection 
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(Battersby et al. 2014). Communication and 
interpretation of spatial patterns is hindered 
when areas are not preserved because dif
ferent areas cannot be compared to each 
other. When zoomed to the extent of the 
City ofTshwane, the distortion in the height/ 
width ratio is about 10 Ofo in the longitudinal 
direction based on the comparison of Web 
Mercator with Albers equal area conic South 
Africa projection (Friesen 2017}. Distortions 
are less pronounced when zoomed further 
into the map. 

A categorization of the prototype COPC web 
map application according to Scharlach Et 
Dreesman (2013} is difficult, as their cate
gories overlap, e. g., their map-based infor
mation system includes both thematic maps 
and animations. Alternatively, one could 
refer to the prototype as an interactive web 
atlas (cp. Samarasundera eta!. 2012). Con
trary to geovisual analytics tools, the pro
totype does not present information in in
terlinked windows which support brushing 
techniques (Monmonier 1990). In compari
son to GIS software, the prototype does not 
offer the full range of functionalities for 
spatial analyses (Kistemann Et Schweikart 
2017). Nevertheless, the prototype provides 
very specific functionalities to visualize and 
explain differences in health status and 
health service disparities. As such, the re
sulting maps are useful for all stakeholders: 
for medical experts to confirm or explain 
what they already suspected or discovered 
otherwise; for policy makers in deci
sion-making; and for the public to under
stand health topics (ibid.}. 

5.2 The COPC web map application's 
ability to contribute to responsive 
and dynamic health care 

On the one hand, the web maps act as tools 
for explorative data analyzis aimed at re
vealing spatial health patterns, at analysing 
the relationship between health and space, 
and at generating hypotheses and scenarios. 
On the other hand, the maps serve the pur
pose of presenting and communicating the 
situation and analysis results (Pieper Et 
Franke 2017; cp. MacEachren 1994: map use 
cube). Currently, efforts in stressing the 
potential of geographic health research 
(Kistemann a Schweikart 2017) and of 
sound cartographic practice in health geog
raphy and public health (Pieper Et Franke 
2017; Augustin eta!. 2016) can be noted in 
Germany. Maps can only help to reveal, 
analyse and communicate spatial patterns 
of health if cartographic rules are followed 
(Pieper a Franke 2017). For COPC, the use 

of geospatial visualizations for improving 
flexibility and responsiveness is still in its 
infancy, but the COPC web map application 
is an important step towards this goal. 

Augustin a Moser (2013} as well as Hurtig 
Et Scharlach (2018) acknowledge the in
creasing trend towards regional public 
health applications. Further, the medical 
sector is characterized by a huge amount of 
spatially referenced data, very often with 
short update cycles (Scharlach a Scharlach 
2008}. Zwakhals et a!. (2013) highlight the 
need for publishing most recent data. For 
the prototype COPC web map application, 
the data collected daily with the AitaHealth 
mobile application, is appended to a data
base every month. This makes it possible to 
routinely investigate current service provi
sion, health status and health needs as well 
as trends over longer time periods. As a side 
effect, the ability to visually assess the myr
iads of data records has highlighted spatial 
data quality issues in the COPC dataset. The 
spider diagram maps helped to uncover 
geolocation problems on the data collection 
side, which need to be fixed in the mobile 
application and through training of the 
community health workers. 

As early as 1973, Wennberg a Gittelsohn 
called for equality in distribution of resourc
es and effectiveness of health care services 
by demonstrating the adverse impact of the 
statistical distribution of resources and ef
fectiveness of health care services depending 
on the statistics' aggregation level. Accord
ing to Exeter eta!. (2014} health outcomes 
are closely linked to an individual's physical 
and social environment, leading to the fact 
that the suppression of geographic location 
via aggregation could render the data mean
ingless or useless. This is more likely to 
happen in rural areas (where reference units 
are commonly disproportionally large, see 
MAUP) or in cases of rare diseases. There
fore, as such data can never be published at 
the individual level (i. e. as point data}, the 
data should be presented at an appropriate 
level of aggregation (spatially or statistical
ly} or masking. The COPC web map appli
cation offers aggregation means at smaller 
than usual spatial resolutions. 

A clear advantage of the COPC data in this 
study is that it covers both the health status 
of individuals as well as data about the 
living conditions (external factors) of indi
viduals. Others restrict tool development for 
health status or health infrastructure only, 
or they tackle the challenge of binding in 
web services on distributed external data 
and stress at the same time the need for 



maintaining privacy (Turdukulov Et Mon
crieff 2016). Restricting the prototype to 
users who are privy to the information about 
individuals implies that the dual use dilem
ma of scientific work having both a benefi
cial (insights into correlations) and a haz
ardous use (abuse of data linked to individ
uals) (cp. Exeter et al. 2014) does not need 
to be considered as a problem. With the 
possibility of setting an appropriate privacy 
threshold, maps of spatial distributions 
about the COPC work and outcomes can 
nevertheless be presented to the public. 

5.3 Outlook for the COPC web 
map application prototype 

The proof-of-concept version has already 
demonstrated its usefulness for COPC in the 
City of Tshwane. Nevertheless, further im
provements have been identified. The lay
ering of the proportional symbols should 
ensure that the smaller symbols are moved 
to the front and are thus not hiding behind 
larger symbols, i. e. automatic layering ac
cording to size is required. For the chorop
leth map (layer) an automated determination 
of the optimal number of classes depending 
on the variable chosen would be desirable. 
Varying the color schemes per topic would 
make the maps even more versatile. From a 
thematic cartography point of view, includ
ing a symbol scale in the legend is not ne
gotiable. 

An example of different color schemes per 
topic and a symbol scale in the legend can 
be found in the NLGAMap tool (http://www. 
apps.nlga.niedersachsen.de/tools/NLGAM
ap/). The developers established their own 
JavaScript library based on Leaflet and 
other open source JS libraries (Hurtig Et 
Scharlach 2018). This implementation might 
offer suitable building blocks to borrow 
from and also points to a potential direction 
for the future implementation of a fully 
functional COPC web map application. An
other idea is to add selected census variables 
from Statistics South Africa (StatsSA) to the 
list of topics for visualizing, e. g. displaying 
the number of registered COPC households 
in relation to official household statistics 
would allow further spatial insights. This 
points to what Turdukulov Et Moncrieff 
(2016) consider as the future of health data 
mapping: web map services that present the 
combination of spatio-temporal health data 
with spatio-temporal socio-economic, de
mographic, and environmental data from 
various OGC web services. The COPC data 
already integrates environmental data with 
health data, nevertheless, additional data 

G. Schaab et al.: Community-Oriented Primary Care in South Africa I WEB MAPPING II 

could be added with OGC web services. It 
would allow to easily compare datasets 
derived by very different means such as 
COPC and StatsSA. 

Evans Et Sabel (2012) developed a similar 
web map application deploying free and 
open source software and promoted their 
development as a technology equalizer be
cause it can enable financially feasible 
health care provision in countries where the 
funds for implementing such a system are 
restricted. Among the advantages of devel
oping an entirely new system they state that 
no GIS expert knowledge is required for its 
operation as it closely fits the task. For ad
vancing our web map application from 
proof-of-concept to full implementation, 
one could borrow from their software archi
tecture, with less styling work processed on 
the client-side but on the server (by making 
use of a Geothematics SLD server). This 
would require to also implement access re
strictions via login credentials, as the health 
data being visualized is confidential and 
sensitive. 

According to Joyce (2009), GIS remains 
underused by decision-makers in public 
health practice, i. e. not going beyond inte
grating data for display and map creation. 
Also the people in charge of COPC work for 
the City ofTshwane are not familiar with the 
handling of GIS products, confirming the 
need for a custom-made web map applica
tion. To make full use of the potential of such 
geolocated data, Joyce suggests to work in 
multi-disciplinary, collaborative settings to 
enhance sharing of data, knowledge/experi
ence and expertise/skills on analysis tools or 
interpretation of public health care issues as 
it has been the case for this study. Samara-

sundera et al. (2012) suggest in particular 
collaborative networks across the health 
sector and academic institutions to progress 
analytic, internet-based tools. 

For coming up with more sophisticated 
functionalities for the COPC data, one 
should consider a comprehensive systemat
ic study of the needs and external factors as 
well as of the understanding of envisaged 
capabilities and applications (cp. Robinson 
2007). However, the proof-of-concept web 
map application has already demonstrated 
that it facilitates spatio-temporal under
standing of localized health care needs and 
associated COPC service delivery in 
Tshwane. The maps help health care service 
managers to visually compare health care 
needs with conditions recorded by commu
nity health workers, to analyze spatial pat
terns in these, and to engage with the effi
ciency and effectiveness of health care 
provision. As such it is a valuable addition 
to the mobile applications and web reports, 
and could effectively support COPC-inte
grated health care service delivery and 
management to and from households and 
facilities. 
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