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ABSTRACT

In the recent years respiratory health has become one of the most burning concerns
for many health professionals in large urban centres including Toronto, Canada.
Increasing levels of air pollution, polarized socioeconomic status among inner city
dwellers and various levels of health service provision are only a few of many
factors that are assumed to have a strong impact on respiratory health. These facts
are usually well known to researchers, physicians and other experts in the area of
public health. However, groups and individuals that could apply this knowledge in
the domain of public advocacy and health promotion often lack such information.
An additional difficulty arises from the fact that most of the patient data in Canada
is confidential, hence access to it is limited to a narrow group of health professional
and academics. This paper describes a successful pilot project bringing health
information to several community organizations and hospitals in the form of a
mappable spatial database. The use of GIS tools and display of relevant data on
maps proved to be a successful method of communicating health information and, at
the same time, provided means to overcome the strict limits placed upon the release
of patient data in a numeric format. An extensive examination of available data and
mapping techniques was undertaken by a group of academics, community members
and hedth service providers to objectively represent spatiadl phenomena that
determine and indicate the status of public health in Southeast Toronto. The
product of this teamwork has been delivered to groups and individuals engaged in
health promotion at the local community level. The database and the custom
mapping software received a complimentary welcome at various locations where it
was utilized.

Keywords and phrases: respiratory health, GIS, mapping of health variables, multi-institutional collaboration,
community participation, public advocacy, health policy.



1.0 INTRODUCTION

The purpose of this paper is to present the design and outcomes of the Health Data Mapping Project (HDMP): A
Community-University Collaboration, which is a spin-off project of an amost a decade long inter-institutional
collaboration process governed by the South East Toronto Project (SETO). Participating researchers represent
such fields as epidemiology, geography, statistics, public health and urban planning and are affiliated with
severa ingtitutions and organizations including University of Toronto, The City of Toronto Department of
Public Health, community health centres, hospitals and health research units.

The objectives of the HDMP are twofold: (@) build and disseminate a comprehensive database reflecting the
state of respiratory health among residents of Southeast Toronto and (b) study community-university
collaboration in developing the health database. This study focussed on respiratory health, as an area of special
concern to community groups within the study region of 120,000 people. However, the study’s primary purpose
was as a pilot project to learn general lessons about using collaborative methods to build a geographic info
system around any health issues, in any area. Sharing of data with community activists and local hospitals
serves the purpose of improving the level of understanding of health patterns at a large spatial scale, which in
turn helpsin the designing of better-fit health policies and service ddlivery.

One of the unique attributes of this project is its innovative approach to multi-institutional collaboration and
health data disclosure. From among a few similar efforts the Rotterdam Local Health Information System
(REBUYS) initiated in the late 1980’ s should be mentioned first. The aim of this project is very similar to HDMP
objectives — monitoring of health patterns at the neighbourhood level, contributing to the development of local
health policies and disseminating of study findings to local health agencies and governments (Oers, 1993).
Another example comes from the Midtown Neighborhood Association in Pima County (MNAPC), Arizona. In
1987, MNAPC launched the Midtown Neighborhood Mapping Project, which focused its efforts on collecting
demographic, land use and socioeconomic data in order to create a thorough portrait of the studied
neigbourhoods. Its findings were used by residents and authorities for advocacy and planning (Anonymous,
1998).

In the following sections of this article emphasis are placed on the design, implementation and evaluation of the
technical component of the project. The collaboration study element will be described to alesser extent due to
the nature of this colloquium. Section 2.x describes the theoretical framework of the project while section 3.x
focuses on the implementation stage. In section 4.x project’s findings and evauation of its products is
discussed. Brief conclusions are found in section 5.0.

20 PROJECT'SDESIGN

The HDMP was initiated by a group of researchers and health activists that formed the steering committee and
its two working sub-groups: (1) collaborative team and (2) technical team. The latter had adopted the task of
creating an interactive geographical information system that would be later used by the Project’s partner
ingtitutions. Different information needs of these partners were used to construct a preliminary framework for
the project’s design.

2.1 Conceptual Data Model

In order to establish a methodological framework to be used throughout the lifetime of the project a conceptual
data model was developed. The model illustrates some basic concepts in respiratory health by displaying its
major data components and relationships among them. Each of these components is essentially a grouping of
variables that, in its full version, is further subdivided into smaller groupings and into single variables on the
lowest level (see Figure 1). Following the project’'s method of cyclic revisions and improvements, the
Conceptual Data Model underwent several changes to reflect new ideas and data acquisitions.

211 Design of the conceptual model

The project’s conceptual framework was a relatively complex issue. The diverse expertise of the participants
and their different expectations regarding the focus of the project needed to be merged into a consistent
methodological plan that could satisfy al parties. In order to address this the technical subgroup developed an
initial draft of the conceptual data model during severa introductory meetings. This framework played a central
role in a number of methodological and technical areas of the project such as (1) illustrating the epidemiological
relationships between respiratory health and its determinants and indicators, (2) organizing the data collection



and integration efforts, (3) assisting users in navigating through the database and finding information, (4)
supporting the design of the custom mapping interface.
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Figure 1. Project’s Conceptual Data Model (simplified version)

The general two-sided flowing structure of the data model was adapted from several public health studies that
frequently surround the disease component by ecological and individual factors of a deterministic or indicative
nature (Evans, 1995). The selection of components at the different levels of the model is areflection of relevant
epidemiological theory, physical and human characteristics of the study area, diverse interests of the project’s
partners and data availability. The conceptua data model has been recently used by two other health and GIS-
related Canadian projects intending to utilize some of the findings and methods devel oped by the HDMP.

2.2 Project’stechnical elements

Once the conceptual model wasin place the design of the database began. In order to apply the stated strategy
of making this geographical information system easily accessible to an audience with awide range of skillsthe
following technical decisions were made: (1) the project should use windows-based personal computers, (2) raw
and mappable data, metadata and other project-relevant information should be organized into a directory
structure that reflected the conceptual data model, (3) popular software packages should be used to
accommodate less advanced computer users.

221 Database accessand directory structure

Several community partners are faced with computer hardware and software insufficiencies that do not allow
them to fully utilize either the health database or the custom mapping interface. For this reason a university-
based computer network has been chosen for hosting of the project’s digital outcomes. A computer lab has been
offered to all partners who wish to useit. The directory structure within which all data has been stored reflects
the conceptual data model. Any user equipped with a hardcopy of the full version of the conceptual model can
easily find its way around almost 200 MB of data, description files, on-line tutorials and other contents of the
database.

2.2.2  Utilization of popular software

Two software platforms, each with different functionality, have been utilized: (1) MS Office 97, (2) Maplnfo
5.0. MS Office was found to be very useful for storing and displaying text and numeric data while Mapinfo is
used for storing, manipulating and displaying spatialy referenced data. The use of MS Office internal links
helped to connect relevant files making the exploration of the database more efficient.



To illustrate the usefulness of thistool the following example shows possible file connections obtainable with
the click of amouse:

raw data file <-> data dictionary file <-> data evaluation file <-> metadata file

Maplnfo was found to be the most user-friendly mapping package. Thiswas an important consideration, as
most of the Project’ s partners have no prior experience in making maps or manipulating of spatial databases.

3.0 PROJECT'SIMPLEMENTATION

The execution of the designed plan has been the most time consuming part of the project. Three stages of this
phase can be clearly distinguished: (1) data identification and acquisition, (2) data evaluation and integration
into a database and (3) cartographic display of datausing GIStools. In addition, four GIS and health-oriented
workshops and a series of evaluations and tests of project’ s outputs at partners' locations were conducted
throughout the course of the study.

3.1 Data collection —sour ces and obstacles

Identification of the relevant data sets and their potential sources was the first step of the project’s
implementation stage. Some of the data came directly from the project’ s investigators. Examples of such
variables are the hospital and outpatient records, which equipped the collection with a very valuable set of
outcome-type variables. A second important data source is Statistics Canada from which most of the
socioeconomic determinant variables have been acquired. The rest of the data came from various commercial
and non-commercial institutions such as marketing firms and municipal or federal governments. The table
below lists the most important data sets and their sources:

Data set: Sour ce;

Hospital Discharge, O.H.I.P. records Canadian Institute for Health Information, Ontario
Health Insurance Plan

Socioeconomic Profile Statistics Statistics Canada

Consumer Spending Potential Compusearch, Canada

Medication Purchases IMS, Canada

Land Use Municipal government

Point sources of (air pollutants) emissions | Environment Canada, Ontario Ministry of
Environment

Exposure to traffic emissions City of Toronto, Ontario Ministry of Environment

Only in afew isolated cases was the data acquisition processtrivial. In most instances one or more of the
following obstacles have been encountered: (1) long bureaucratic procedure of datarelease, (2) lack of data
release protocols, (3) disordered organization of source databases, (4) high cost, (5) data confidentiality, (6)
spatial or temporal incompatibility, (7) incompatible format, (8) incompleteness, (9) lack of geographic
attributes. Despite such difficulties the project has managed to establish afairly comprehensive health database.

3.1.1  Unique character of epidemiological data and its mapping

The health data created several sources of possible confusion for those utilizing the maps and these needed to be
clarified. First, the users attention needed to be drawn to the distinction between count data and rates, since
both could be mapped using similar formats. Count data, for example number of people seen by a doctor for
asthmain a certain location, are most useful for those planning services since they can see where the
population’s need for services lies. Users were encouraged to employ dot maps for counts, thus representing the
distribution and density of service use in ameaningful way. Rates, which reflect both the counts (numerator)
and the population (denominator), are most useful for examining reasons or causes. For example, finding high
rates of asthmain some locations but not others may lead to further investigations into air pollution or allergens.
Users were limited to the use of chloropleth or proportional symbol maps for rates, so that high and low rate
areas could be easily distinguished. Randomness of a dot placement on density maps and the use of rate
variables on other types of maps allowed overcoming the constraint of the health data confidentiality. One
additional possible source of confusion was also addressed. The rates, which were mapped, reflected areas with
different age and sex structures. This situation could lead to erroneous conclusions since older populations are
expected to have more health problems and increased problems seen on the maps could be due to age alone. For



this reason, we used indirect age-sex adjustment to control for these effects, allowing us to map rates that would
have prevailed if all areas shared the same age-sex structure.

3.2 Database— creation, updates and evaluations

The gathering and integrating of data of a substantially diverse nature required cautious planning and thorough
quality evaluation. Acquired data was compiled and placed into the appropriate sections of the directory
structure. Each data set was then described in a metadata file. A selection of variables was documented in the
form of hardcopy sample maps. The full HDMP database construction and evaluation process has been
summarized in Figure 2.
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Figure 2: Data Flow Diagram for Iterative Design, Production and Assessment of HDMP Respiratory Health
Geographical Information System. Modified from the Department of Geography, University of Buffalo, 1998.

3.3 Application of cartographic and Gl Stools for communicating of the gathered
infor mation

The four main motives for applying GIS and mapping tools by the HDMP are: (1) supplying of an aternative
way of examining data sets that are normally accessible in tabular formats only, (2) allowing for avisual
examination of possible spatial patterns of respiratory conditions, (3) overcoming of the data release limitations
that are placed upon patient records in a numeric format, (4) introduction of user-friendly mapping utilitiesto the
community. Guided by these intentions the project’ s technical team faced a challenging process of choosing,
designing and creating a reliable mapping application that would best illustrate the health issues of study area.
Given the nature of data, a number of cartographic preferences have been defined. Combination of the GIS and
mapping choices formed the guidelines for designing of the custom geographic information system.

3.3.1 Main cartographic consider ations

Most of the staff members of community and health institutions for whom the project prepared the spatial
database have limited experience in the interpretation of maps and virtually no experience in map creation. This
situation limits the usefulness of the information system and brings the risk of incorrect mapping techniques
being applied by non-expert users. To aleviate this problem some basic cartographic concepts and the pitfalls
of mapping were presented during the university-based workshops. The system addresses these problemsin two
ways: by providing "read-only" sample maps which model recommended methods and solutions, and by



introducing a customised "recommended” mapping interface, described in section. 3.3.2. Theinterface limits
the map-creation options of the users to encourage cartographically sound practices.

Mapping at appropriate scales

The use of detailed census units (Enumeration Areas) as the standard mapping unit resultsin alarge variationin
the size of polygons mapped. Small polygons in congested areas and much larger ones around the periphery
pose a common cartographic problem. In the interactive environment, this can be partially overcome by zooming
in for acloser look, and this was encouraged. However, for overall visualization of datain the study area, and
for hard copy map output, the problem is significant. The tendency is to underestimate the significance of small
areas, astheir visual weight islow. To address this on the sample maps, an enlarged inset map of the most
congested area was incorporated into the standard map layout. For users' independent mapping, the scale issue
was addressed by encouraging types of data representation least likely to be subject to scale-related problems.

Mapping using appropriate data representation

As shortly mentioned earlier, the data representation methods available were choropleth mapping, proportional
symbol mapping, and dot distribution mapping. The most common fault by inexperienced usersis the use of
choropleth shading to represent absolute numbers. Therefore, in the customized interface, choropleth mapping
was enabled only for rate or density data variables. Dot distribution maps were encouraged as most appropriate
for showing count data. The use of proportional symbols was enabled and encouraged for representation of
either rates or counts. Correct scaling of these symbols was also suggested by the methods used on the sample
maps, and by the incorporation of appropriate methods (linear scaling for bar symbols, areal scaling for circles
and squares) within the customized interface.

Mapping using appropriate colours and symbolisation

In all three methods of representing data, the overall impression communicated by the map can be skewed by
inappropriate use of colour or symbols. For choropleth shading, visualy relating higher values to darker shades
of asingle hueis usually most successful for the depiction of quantitative values. The shape of the geometric
figure used for proportional symbols mapping is critical - irregular shapeswhich add visual noise and are
difficult to relate to areal units should be avoided. For dot distribution mapping, the choice of dot size, colour,
and dot unit value is basic to the visual clarity and usefulness of the display.

Mapping using appropriate layering techniques

Two factors make for appropriate data "layering" on amap. Thefirst is awell-designed, unobstructive base map
on which to reference data layers. Thus in the customised map interface, a standard representation of base data
was supplied as the foundation on which to superimpose data layers. The second is using appropriate
representation methods for successive data layers. In the sample maps and workshops it was suggested that
plotting dot distributions overlaid on choropleth maps was the most effective way to explore comparisons of
different data sets that are mapped together.

Other factors

Other cartographic issues such as legend design, data classification, and general rules of map interpretation were
also addressed in the partners workshops. Despite these precautions it is important to consider that creating and
interpreting mapsis a new method of health data analysis for many ingtitutions involved in the project, and
therefore some mapping errors and misinterpretations are still possible.

3.3.2  Need for custom mapping interface

Upon the compl etion of the first hands-on workshop it became evident that the Maplnfo software in its full
format poses more challenges to the non-expert users than was initially anticipated. They found it difficult to
master the spatial concepts and the use of software tools representing them. At that point the technical team
made the decision to offer a more user-friendly interface, which was subsequently developed using MapBasic
programming language. Its main goal was to simplify the mapping process for the non-expert GIS users
alowing them to focus on data exploration and devel opment of useful concepts rather than resolving software
questions.

The overal envisioning of the interface was a crucial part of the customization of the mapping process. All
members of the technical team met on numerous occasions exchanging ideas and making refinements to the
toolsthat will be available to future software users. Collaboration with community members, cartography/GIS
experts, epidemiologists and other specialists proved to be avery effective way of designing of tools that will be



able to address needs of different users. This interactive process engaged many concerns that would normally
be overlooked if only programmers and GI S specialists were responsible for designing the software.

Three levels of interface complexity
One of the first decisions made was to ensure that software users with different skills or expectations would be
able find the appropriate tools. Three levels of interface complexity were integrated to meet this objective:

e Viewing pre-made maps - thislevel isthe simplest of all three and requires no GIS or mapping
experience. After the launching of Maplnfothe user is presented with alist of sample maps related to
the scope of the project. No manipulation of these maps is possible, except for printing and saving
them into the user’s home directory. Thislevel can be also used by advanced usersto view the
examples of more complex map layouts that can be produced using a full functionality of Maplinfo.

e Recommended interface - the option gives access to the project’ s mappable database taking the user
through several interactive steps that result in creating of a simple thematic map of the chosen variable.
One data set can be mapped in each iteration but the user can repeat the process overlaying new
thematic maps or producing them side-by-side for comparisons. Each variable has a set of pre-defined
mapping options, such as map type, range of symbol sizes or colour palettes. Such constraints were
necessary to ensure that users with less advanced cartographic skills will not choose incorrect mapping
techniques. Selected metadata and descriptions of more advanced cartographic concepts have been also
embedded into this level.
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Figure 3: Recommend interface custom dialog showing sets of pre-defied choropleth mapping options for a
user- chosen variable.

e Advanced features - full functionality of Maplnfoaccompanied by the recommended tools. Thislevel
isreserved for more experienced GIS users. It offersafull range of mapping options maintaining
access to project’ s database in both numeric and mappable formats. To ensure confidentiality of the
data sets the access to this level is protected by an additional password available for project-affiliated
researchers.

Flexibility vs. simplicity

A common computer tools design issue of searching for the right balance between flexibility and simplicity of
the applications has been encountered. Supplying more optionsin the recommended interface, such as
possibility of modifications of elements of a created map was assumed to be useful for the user, but at the same
time such elasticity was resulting in a greater complexity of the custom dialogs. Hence, it has been decided that
the recommended interface will offer an easy, well-guided mapping process that can be repeated effortlessly by
the user, and any output modifying and data querying options will be available at the advanced level. This
solution has been evaluated and approved by the users of the application.

Upgrades and updates

The project’s custom interfaces have been designed to serve awell-defined group of users with a pool of
carefully chosen data sets. The question of sustainability of HDMP' s outputs has been raised by the partners
nevertheless. Due to a number of complex issues such as data ownership or availability of technical support after



the project’ s completion date no further arrangements facilitating updates of the database and software have
been made. However, foreseeing this kind of uncertainty the technical team has placed a specia attention to the
tasks of database creation and the programming of custom interface, so the future devel opers of these products
will not have too many difficulties in understanding and improving the already existing resources.

4.0 LESSONSLEARNED

The Health Data Mapping Project can be considered as innovative in the Canadian setting.  The results of this
pilot project deliver helpful pointers to future undertakings of asimilar nature. Two categories of conclusions
relate to (1) the project’ s goals and achievements in the dissemination of health information and (2) overall
findings concerning collaboration. While the former was a set of tasks designed and implemented by the
project’ s personnel and affiliates, the latter depended mainly upon the willingness for cooperation among partner
and non-partner institutions.

4.1 Evaluation of the project’s output

This evaluation process was conducted in two different ways. First, between June of 1998 and January of 1999
several university-based workshops took place. Among approximately 20 attendees were health specialists and
activists from the project’ s partner and non-partner institutions. The first workshop was organized in aform of a
presentation while during the subseguent ones participants had an opportunity to learn and practice their
mapping skills using the health database and interface developed by the technical team. Each of these hands-on
workshops was preceded by a short cartographic training session and concluded by a‘ questions and answers
period during which participants had a chance to communicate their approval or dissatisfaction based on the
tested GIS. Secondly, between February and May of 1999 five system testing sessionstook place at partners
locations. Two community health centres, two hospital research units and the Department of Public Health of a
Toronto municipal government were visited. At each of these locations the technical group set up appropriate
computer hardware and software allowing the staff to have a continuous access to the project’ s health GIS for a
period of two to three weeks. The hardware-software-data system was accompanied by a hard copy manual that
included such sections as a confidentiality agreement, user guide for the custom mapping interface, full list of
mappable variables, example-based mapping exercises, sample maps and evaluation questionnaire. Itis
unknown exactly how many users tested the system but is estimated that this number ranged from as few as two
to as many asten or more at each site depending on the institution. Eight people completed the evaluation
guestionnaire, which emphasized issues of meeting partners’ mapping/data needs and suitability of the custom
GlSs.

411 Meeting community’sinformation and mapping needs.

Based upon partners' feedback a clear message has been identified — mapping of health information is useful for
al institutions and individuals that were invited to this collaboration. In the case of one of the community health
centres the reception of project’s mapping product was so favourable that its staff members have asked for
permanent access to the software and data upon completion of the project. In general, the ability to map the
phenomena, which were earlier unknown or known only intuitively, has been highly valued by al partners.
Being able to produce maps permits them to discover spatia patterns and examine the geographic relationship
between supply and demand for health services. In response to the evaluation questionnaire most users found
the spatial data content ‘relevant’ or ‘very relevant’ with one person marking the option ‘not relevant’. All
respondents found the level of mappable data ‘ appropriate’ or ‘ somewhat appropriate’. Several user comments
suggested that the regular maintenance and updating of this health database would be useful for their work
purposes. Some remarks were also made about extending the range of health variables to other conditions such
as rabies and cancer.

4.1.2 Database and custom mapping interface

To some surprise the MaplInfo segment of the database was given considerably more attention by the users than
the text and numeric data components. This outcome probably reflects the fact that the community members are
interested in a graphic display of data as opposed to tabulations. This finding confirmed the initial concern of
placing significant attention on the quality of mappable data and to making correct choices of mapping
techniques. The feedback received during university-based workshops was reflected by the improvementsin the
database contents and applications developed by the technical team. The on-site testing of thisimproved system
brought arange of reviews focusing on the straightforwardness of the custom interface and clarity of available
mapping techniques. All respondents found the custom interface ‘easy’ or ‘very easy’ to use. They also agreed
that the maps that can be produced range from ‘ somewhat -’ to ‘very relevant’ for the operations of the visited



ingtitution. A variety of other more technical responses were also received providing useful information for
possible future developments of this or other similar health information systems.

Although the study areais Southeast Toronto the following suggestions communicated by the system users can
be easily extended to other projects of asimilar nature:

e Community activists are most interested in awide range of up-to-date variables of a health and
socioeconomic nature. Other interesting data sets should describe local environmental conditions such
as indoor and outdoor air quality, housing stock, homelessness and gender and age-specific issues.

e Although specific users may be mainly interested in neighbourhood level phenomena, the database
should cover alarger spatial extent, preferably the whole city in which the neighbourhood is located.
This enlarged area can be used for comparison purposes.

e Metadata and straightforward descriptions of mapping tools should be easily accessible to users with
limited GIS skills.

e On-going technical support should be available to all users of the database.

4.2 Benefits and obstacle of an inter-institutional collabor ation

Collaboration with over fifteen partner and non-partner institutions has been an essential component of the
HDMP. Some differencesin this cooperation pattern between the partner and non-partner institutions have been
clearly detectable.

421 Cooperation with partner institutions

Partner organizations and individual s supplied a majority of expertise and portions of data necessary for the
completion of this project. The management and stability of this cooperation often proved to be a difficult task.
The main obstacle was alack of time that could be assigned by some institutions to meetings and workshops
organized by the project. Ancther, more complex and difficult to deal with barrier was a sporadic
underestimation of the potential gains from such teamwork. To alarge extent alack of experience in utilizing
spatial databases and maps can be blamed for this. However, the overall collaboration among partner
ingtitutions involved in this project must be summarized as successful and productive.

4.2.2  Cooperation with non-partner institutions

Many non-partner institutions have been approached during the lifetime of this project mainly for the purpose of
data acquisition. One important lesson has been learnt from these contacts — it is often very difficult to find the
right people who are willing to offer an extra time from their schedule to the work that is not related to their
daily tasks. Consequently, the chances of the timely achievement of goals of such cooperation are much greater
if the key people in the approached institutions can be defined and approached. Previous contacts should also be
used whenever possible.

4.3 Futuresteps

All users of the project’s GIS expressed their interest in seeing this product being further devel oped and possibly
utilized on a permanent basis at their institutions. The two main problems that should be addressed during the
revision of the system for possible future uses are improving the ways of disclosing health data variables without
violating confidentiality constraints, and the devel opment of easier-to-access mapping applications. The first of
these goals leads to solving of a potentially complex cartographic question of how an average user interprets
health-related maps and which of the preferred mapping techniques should be applied in the given set of
applications. The question of dissemination of health information and unconstrained accessibility to mapping
tools directs the future efforts towards I nternet-based mapping applications. Both of these problemswill be
included in the new study that has been recently initiated under the umbrella of GEOIDE — an extended network
of geomatics research and research-supporting organizations in Canada.

5.0 CONCLUSIONS

The HDMP has addressed a number of public health-related issues during its two-year life span. The project's
innovative character encompassed afairly broad definition of initial goals that have been later refined and
reflected in the project's outputs. The defining and completion of project's goals was achieved through the
collaboration of several institutions that served as a source of diverse expertise and expectations. The main
technical outcome is a comprehensive respiratory health-related spatial information system and the custom



mapping interface for its mining and analysis. A substantial amount of work has been also committed into the
development of methodological concepts linked to gathering, compiling, integration and display of health and
health-related information. An equally important research outcome accomplished by the project but less
emphasized in this paper was the study of the collaboration process. The knowledge of how to effectively
communicate with other individuals and institutions often strengthens the likelihood of a successful completion
of research efforts that require such diverse inputs.

The HDMP has produced a whole range of recommendations on how to address the issues of multi-institutional
collaboration, development and maintenance of health GIS, data mapping, software interface design and others.
Therelatively short time length of this project has not allowed for some more complex analysis and applications
however, most of these shortcomings have been recognized and some of them will be confronted in the new
study that has been initiated in the summer of 1999.
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