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Abstract
Public
health
practice
is
characterized by a lack of evidencebased decision support systems to help
solve problems for the myriad of
population health challenges today—
from epidemics to chronic disease to
bioterrorism
and
environmental
disasters. We report on the design
strategies utilized in developing a
customizable public health knowledge
management system, including the
results of a literature review of research
on information needs of public health
practitioners, inventory of resources and
roles, preliminary workflow analysis,
and rapid prototyping. We employed a
collaborative user-designer approach
and
multi-phased
prototyping
methodology aimed at achieving our
goal of an interactive, customizable
digital system to support the collection,
description, management, and retrieval
of public health documents, data sets,
learning objects, software, and tools.
1. Introduction
A systematic approach to the development of
effective knowledge management systems is
critical to the practice of healthcare and essential
for design and implementation of medical
information and decision support systems. For
many years the bulk of research and
development on these systems has focused on
the development of integrated clinical decision
support systems. The push was to move the
information system silos of the 1980’s and early

1990’s—with
their
separate
radiology,
pharmacy, laboratory etc. systems—to an
integrated environment now utilized in most
large medical centers today. Public health
practice, however, continues to rely on
fragmented information systems which do not
provide the real-time decision support capability
required to respond to the many population
health challenges facing public health today—
from epidemics to environmental disasters to
bioterrorism and chronic disease.
This fragmentation is a reflection of the
complexity and multiplicity of public health
roles, responsibilities, and functions. The broad
public health practice responsibilities include:
(1) Assessment (monitoring community health
status; diagnosing health problems and
investigating disease outbreaks); (2) Policy
Development (educating the public regarding
health issues; health system planning); and (3)
Assurance (enforcing laws and regulations;
linking people to personal health services).
Given the variety of responsibilities and
functions of public health practice, the
information management environment is
likewise extraordinarily complex.
Every day public health professionals at all
levels encounter the need for specific
information to aid in their day-to-day decisionmaking [17]. In public health, timeliness is
crucial, decisions typically cannot be delayed,
and practitioners must be able to respond rapidly
to a variety of types of questions. The public
health environment is complicated by a diverse
workforce, composed of individuals from many
domains—including
physicians,
nurses,
administrators—and environments—local, state,
tribal, and national—whose job functions are
variable, often overlapping, and have varying
information demands.
In 2001, the President’s Information
Technology Committee (PITAC) pointed out
that the introduction of integrated decisionsupport systems that can proactively foster best
practices requires enhanced information-
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technology methods and tools. Specifically
referenced was the need for systems
development in support of public health to
include "methodologies for automated policy
inference that integrate data from diverse sources
(e.g., epidemiologic, economic, demographic,
geographic), and models of societal resources
and values to suggest plausible public health
responses to major health problems." [14]
PITAC recommended that the following be
undertaken:
♦
Expand the range and granularity of
routinely captured data;
♦
Standardize terminology;
♦
Develop robust techniques for incorporating
new data types into existing clinical data
repositories;
♦
Organize and collect large-scale databases to
determine best practices;
♦
Develop guidelines based on such evidence;
♦
Implement guidelines at the point of use,
including embedded decision support that is
continually updated as new evidence
accumulates; and
♦
Reduce the cost and difficulty of integrating
applications that reside on heterogeneous
technologies.
Each of these recommendations is applicable
in the public health environment when the goal is
providing a means to deliver the right
information to the right person and place at the
right time. Adopting a knowledge management
approach will support an environment "…to
capture knowledge needed to ensure public
health preparedness, to manage existing
information more effectively, and to enable
public
health
professionals
to
work
collaboratively in a virtual environment." [2]
This paper focuses on the design strategies for
developing such a system. We report the results
of a literature review of research on information
needs of public health, an inventory of resources
and roles, preliminary workflow analysis,
utilization of rapid prototyping methodology,
results from testing the prototype system, and
next steps in testing deployment of customizable
versions of the system in a variety of public
health settings.

2. Background
In October 2005, the University of
Washington was awarded one of the first Centers
for Disease Control and Prevention (CDC) grants
to establish a Center of Excellence in Public
Health Informatics (CEPHI) with the mission to

improve the public's health through discovery,
innovation, and research related to health
information and information technology. The
myPublicHealth (myPH) Project is one of two
research projects funded by CDC. The goal of
myPH is the design and development of an
interactive, customizable, digital knowledge
management system to support the collection,
management, and retrieval of public health
documents, data, learning objects, and tools. The
knowledge management system aims to improve
access to and use of digital information resources
in support of evidence-based public health
practice. The long-term goal is the creation of a
comprehensive
knowledge
management
approach that is tailored to the public health
practitioner’s information needs, work processes,
and environment.
Achieving
these
goals
requires
a
comprehensive understanding of the information
needs, information seeking behavior, and humancomputer
interaction
of public health
practitioners. Library and Information Science
research describes information seeking as
situational, contextual, and unique to the
information seeker; users experience gaps in
knowledge that interfere with their ability to
articulate what they know and do not know; and
that knowledge of users' tasks can help point to
systems designed to support those tasks [7, 27].

3. Methods
Prior to system design, the implementation
plan included the following tasks:
(1) a
comprehensive literature review focused on
understanding the unique information needs of
myPH users; (2) an inventory of public health
information sources cross-referenced by
discipline or role (e.g., communicable disease
specialist, public health nurse, health educator)
and content area (e.g., epidemiology, datasets,
animal health and zoonoses); and (3) a workflow
analysis to delineate essential functions and
information usage regarding the real-life decision
support needs of public health practitioners in a
variety of settings. From these tasks we
developed our user and system requirements
which informed prototyping efforts and
evaluation approach.

3.1. Information Needs Assessment
Daily, public health professionals encounter
the need for specific pieces of information for
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their decision-making [17]. A first step in the
system design process was a systematic literature
review to identify research studies of the
information needs of public health professionals.
This review [21], found that:
1. Selection of public health information
resources is influenced by job function,
disciplines and training, as well as
experience with incorporating external
information resources into work.
2. Public health practitioners meet their
information needs by using information
resources that are easy to access and use, upto-date, flexible, free or low cost, predigested or summarized, stable, and are
focused on the practitioner's particular
field(s).
3. Given the variety of roles, functions,
disciplines and backgrounds of the
workforce, a one-size-fits-all system cannot
meet public health worker information
needs.
4. Colleagues, peers, program personnel, state
contacts, and other people are the most
reliable, available and commonly used
information resources for carrying out the
day-to-day work of public health.
5. Valued information resources can be
described as: vetted; high quality; generated
by an authoritative content source; verifiable
by a trusted source; up to date and known to
be regularly updated; convenient; and
accessible.
The findings pointed to the need for a
customizable
public
health
knowledge
management system and end-user interface with
optimal interoperability and the capability to
provide timely access with the following
features:
1. Reflect the complexity and diversity of the
public health workforce itself, for example
with the design of customizable views and
customized information "toolkits".
2. Reduce major barriers to information access,
including
time,
resource
reliability,
trustworthiness/credibility of information,
and "information overload" of both relevant
and irrelevant information.
3. Offer ready access at the point of need, with
high level of security but easy user access to
needed information (e.g., single logon
access).
4. Include avenues that support timely access
to human communication networks (e.g.,
providing accurate directories, listservs,
etc.).

5.

Provide user-friendly interfaces and smart
search systems.
6. Support easy addition of locally useful
information at the individual and at the
department levels.
Based upon this extensive literature review,
we concluded that "(n)either the creation nor the
distribution of information resources [defined as
data, guidelines, research findings, maps,
policies, laws, evaluation metrics, teaching
material] upon which public health practitioners
depend is managed in any systematic or
comprehensive way at the present time." [21]

3.2. Inventory of Public Health
Information Sources and Utilization by
Roles: Resources Matrix
Building a knowledge management system
requires an understanding of the necessary
knowledge objects to populate the system. Public
health
practice
encompasses
numerous
disciplines and public health practitioners often
take on a variety of roles as part of their day-today work. A constant stream of information of
critical importance is produced at local, state,
national, and international levels. In the day to
day decision-making process public health
professionals at all levels encounter the need for
specific
pieces
of
information—disease
incidence
data
(county/state/national),
vaccination guidelines, industrial effluent data,
laws and regulations, legislative issues updates,
metadata on data sets, outcome measurement
resources, synthesized knowledge bases of
information and guidelines, among many others
[17].
We inventoried public health information
resources from public health practitioner
interviews and surveys, information resources
and sources identified in the literature review,
and preliminary findings of a workflow
assessment at two public health departments.
This inventory was collated and cross-referenced
into an information resources matrix.
Constructing a matrix is a methodology for
summarizing a comprehensive specification and
relationship between candidate information
resources and potential users. The first column in
the matrix lists the specific candidate resources
utilized by public health. These are divided into
two categories: resource content areas (e.g.,
epidemiology, datasets, animal health and
zoonoses) and user roles or discipline (e.g.,
communicable disease specialist, public health
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nurse, health educator). Table 1 shows a portion
of the original matrix which contains over 200
information resources cross-referenced to 9
content-area toolkits and 5 workforce roles. The
resources matrix provided the framework for
prioritizing and organizing content based on
demand.

3.3. Workflow Analysis
A critical but often overlooked step in
information system design is to understand the
fit of the system into the work environment of
the users. A number of clinical decision support
systems have failed or had reduced usability
because this critical step was omitted [13, 24].
The research literature on workflow analysis
health systems design indicates that:
1. The complexity and breadth of public health
services and tasks, along with a chronic
shortage of funds, have prevented the
widespread incorporation of information
systems at the local level [25-26];
2. Practitioners are frustrated by lack of
integration across bibliographic databases;
ready answers to questions (as opposed to
lists of references or links to websites); and
access to data tables and figures within
publications which are a primary focus for
gathering
information
for
forming
hypotheses and/or answering questions [6,
18-20];
3. Premature adoption of computerized
systems that fail to take into consideration
user values, needs, and practices and
organization issues may have unintended
consequences that are costly and unsafe,
such as failed systems, inefficient work, and
inability to use data [1, 10-11]; and
4. As a new information system goes through
its development and implementation stage,
an iterative process must take place to
integrate the assumptions made by the
designers of the system and the people that
use them [4].
A key methodological component is to
incorporate
collaborative
requirements
specifications when considering implementation
of an information system in the public health
environment—that is, development must
incorporate the users in defining system
requirements and developers must understand the
business and objectives of public health:
By understanding a business
process
and
its
multiple
components, including triggers,

inputs, outputs and objectives, we
begin to understand how an
information system, that is, a tool
that supports work, must perform to
add value to the users. Once
business processes are defined, one
can define in detail the specific
things the information system must
do—that is, the requirements—to
make the process achieve its
purpose and be efficient. [22]
Workflow analysis to delineate essential
functions and information usage regarding the
real-life decision support needs of public health
practitioners has been conducted in a small, rural
health department, and a medium-sized local
health jurisdiction.

3.4. Rapid Prototyping
Rapid prototyping and iterative design is a
model that incorporates the user in the design of
the system. The approach is a cycle in which
user evaluation and implementation of the
system are in a feedback loop with the results of
testing at each cycle feeding into the design
focus of the next cycle [3].
Utilizing this approach we created a prototype
system that has been undergoing usability testing
by public health practitioners and others over the
past year. Rather than implement a single proofof-concept demonstration, we modified the
interface and content over several phases during
the year. This multi-phased prototyping approach
allowed us to gather feedback at different stages
of development. The prototyping process was
initiated with a group of users using a paper
mock-up and moved to an online flat HTML
version with limited content that has undergone
6 major revisions. Prior to release of successive
version, an expert review by a small group of
CPHI faculty and practitioners was conducted to
evaluate consistency of the interface design's
layout, terminology, color, etc. This group also
provided informal cognitive walkthrough of the
site before each release.
The first prototype only offered the main page
and one content-specific page (animal
health/zoonoses). Based on feedback, the look
and feel of the interface was refined and critical
resources identified for addition in the system.
Prototyping also informed finalization of
software requirements specifications; software
system
architecture;
interface
design
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specifications; software component design; and
user test plans and procedures.
Early on, we created a collective and
collaborative user-designer relationship. By
involving users from the beginning with paper
mock-ups and presentations to our target
audience, we not only gathered important
feedback and suggestions but built a group of
early adopters and promoters for myPH.

4. Results
Research on decision support tools indicates
that users seek role-based tools—i.e., tools
relevant to a specific work role and function such
as the tools a public health nurse prefers to use as
opposed to the tools a community health
educator will prefer—that are non-intrusive and
available at the point and time of need [5, 23].
Based on prototype usage and feedback, and
incorporating our information needs assessment,
resources inventory and workflow analysis, we
designed myPH (http://myph.org) as a role-based
knowledge management system.
Interoperability among myPH components is a
key focus of the system design. Our strategy is
using a modular system architecture to facilitate
integration with components of other systems
and resources. The goal is to keep each
component decoupled, so that any phase may be
enhanced without requiring significant changes
from other components. This also makes it
possible to add additional components or
implement remote processing very efficiently or
to build stand-alone tools for use in other
systems. The University of Washington has a
long history of collaboration between disciplines
and departments; the myPH knowledge
management system is built to enable resourcepooling and sharing with existing content
management systems while retaining the
capability to customize our system to the unique
needs of our public health users.

4.1. Content Management System
Rather than build a system from scratch, we
sought a web site technology that would enable
us to develop a customizable easily maintained
system.
Several
open-source
content
management systems (Plone, WIKIs, Mambo,
Alfresco, Drupal, Joomla!) were evaluated for
the following capabilities: ease of assembly and
configuration; availability of documentation and
support; delivery of information; customizability
of user interface; integration with existing and/or

desired local systems modules; hosting demands
and costs; cross-platform capability; ability to
handle multiple document formats; and multiple
security level options. We wanted a system that
could be used on any platform, had a centralized
authentication mechanism, met accessibility
guidelines, supported metadata creation, and
could link to external databases.
We recently implemented a beta version of
myPH that is tightly coupled to a Plone content
management system [15]. In addition to its
match to our requirements, Plone was chosen for
its extensibility,
supportive open-source
developer community, and its flexible access
feature which allows content or portions of the
site visible and editable only by its owner and
others with manager access to the folder in
which they exist. This last feature is a
requirement in a public health environment in
which data may be viewable by individuals with
a specific level of permission or in a specific
role.

4.2. Features of myPH
myPH provides an integrative framework to
support public health practice. As seen in the
interface in Figure 1, tabs across the top of the
interface (A) provide access to toolkits populated
with information content organized by public
health content areas. Resources organized by
public health roles (B) can be selected from suite
of resources accessed from the left navigation
bar. Specialized searching services (C) are
accessible through the numerous search boxes
for querying directly into resources.
When users enter the site they are asked to
identify themselves by role(s)— Administration;
Clinical Staff (emergency and non-emergency);
Community Health Specialist (including
evaluation
and assessment);
Emergency
Responder
(including
bioterrorism
and
preparedness); Emergency Health Specialist;
Environmental
Health
Specialist;
Epidemiologist; Training; and Veterinary and
Animal Health Specialist—so their use of
resources can be tracked. Usage data then drives
the refinement and revision of content on the
site.
Interoperability across resources in a
knowledge repository allows users to search,
discover, access and retrieve needed information.
This can be achieved by applying a consistent
and structured metadata schema, which identifies
the elements needed to describe a resource in a
standardized way, to it contents. However, unlike
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the fields of clinical medicine or genomics, the
diversity of the field of public health has
challenged efforts to standardize public health
terminology [8]. We are currently expanding a
vocabulary schemata based on the Unified
Medical Language System [12] to incorporate a
standard metadata structure of descriptive,
technical,
structural,
and
administrative
descriptors as the basis for management and
discovery of myPH digital assets. This metadata
core standard will also be the schema through
which commonalities and mappings are
established for sharing information about
existing, distributed resources. In addition, we
will adhere to the Public Health Information
Network
Messaging System
(PHINMS)
vocabulary standards and specifications [16].
Developed by the CDC and national partners,
PHINMS is a key component in supporting the
development and deployment of standards-based
public health information systems. "PHIN
Vocabulary Standards and Specifications seek to
promote the use of standards-based vocabulary
within PHIN systems and foster the use and
exchange of consistent information among
public health partners. The use of PHIN
Vocabulary Standards and Specifications ensures
that vocabularies are aligned [..] for authoring,
mapping, editing and distributing standardsbased vocabularies to local, state and national
PHIN partners." [16]

4.3. Outcomes to Date
Monthly usage log reports—routinely cleaned
to remove visits from spiders, hackers, and other
services that crawl the Web and do not reflect
true usage—show that myPH usage has steadily
increased. Since the first prototype became
available in late 2006, myPH has experienced a
remarkable amount of interest as a result of
advertising primarily by word of mouth. The
final flat HTML prototype usage in 2007 logged
an average of 677 (March), 749 (April), and 902
(May) visitors per month. Since the plone release
of version 7.4 in June 2007, usage logs show an
average of 2804 (June), 2318 (July), and 2764
(August) visitors per month.
Although we are not yet ready to undertake a
formal evaluation of the system, individuals who
see and use the system have reported that it
"…fits their mental model of a how a system in
public health should support information
seeking." Particularly popular features of the
prototype are the search boxes that utilize
specialized google searches of key websites

including: CDC, World Health Organization,
and the Washington State Legislative and
Administrative Codes. In addition, users report
that the role-based access approach, which
allows them to quickly drill-into work functionbased information, is highly useful.
The long-term goal of our work has been the
creation of individual versions of myPH for
health jurisdictions to adapt and customize for
their own knowledge management purposes. A
key question has been whether such interest
would exist. The myPH prototype has proven
extremely popular and we are currently
evaluating several requests for customizable
versions of the system for deployment in local
and state public health departments outside of
Washington State, as well as requests for
international versions of myPH.
At the present time, the system is limited to
providing information and does not support
information-gathering, nor does it provide
information analysis tools. These features are
currently under development as separate projects
at our research center and will be incorporated in
future versions of myPH.

5. Next Steps
From the beginning, the myPH design strategy
has utilized a collective and collaborative userdesigner relationship. We plan to continue this
approach while we expand and improve myPH
capabilities and features and test versions of it in
a variety of public health settings. Additional
next steps include:
♦
Content:
Expanding and integrating
Geographic Information Systems (GIS)
resources, grey literature, and training
content, as well as specific tools, such as a
communicable and infectious disease
literature knowledgebase that is currently in
development based on the Telemakus
system [6, 19];
♦
Search improvement:
More rapid and
targeted search; and
♦
Metadata standards: Improving description
of resources and tools which will improve
search.
A major feature for focus is customization.
We have begun research and design of a myPH
system that can be personalized both to an
individual's usage pattern and customized for
integration into larger public health organizations
and systems and an adaptable interface that can
be personalized. We believe the ability to
manage access to web content, documents, and
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resources
will
enhance
public
health
effectiveness in varied settings and also offer a
means of meeting individual, group, and
organization specific needs for resources. For
example, on the organization level, a public
health department could customize myPH in
accordance with its color and layout scheme as
well as add functionality through additional
specialized content categories. On a group level,
myPH could be populated with only those
resources that meet the group's needs. And on an
individual level, users can further control their
desktop views and content with personalized
customization. In addition, administrators can
control access to items and components of the
site as needed which, as stated earlier, is a
necessary capability when handling confidential
and sensitive public health data.
The development of methods and tools for
assisting the public health community with an
effective extraction
of problem-oriented
knowledge from heterogeneous and massive
information sources, and for applying this
knowledge in problem-solving is one of the most
fundamental research issues facing us today.
Public health needs systems that actually extract
desired facts and answer questions, not systems
that retrieve whole documents that must be read
through to find the (potentially) desired
information. The community also needs retrieval
systems that will help synthesize information
extracted from multiple documents to provide an
overview of a subject (information visualization
and automated abstraction) or to identify new
relationships between facts and synthesize new
knowledge (text mining and knowledge
discovery) [9]. One such resource is the
Communicable
and
Infectious
Diseases
Knowledgebase, built by the Telemakus
Research Group at the University of Washington
[6, 19]. This knowledgebase provides extracted
research findings with links to the full-text data
tables and figures, the ability to "drill down" for
more specific information, and an interactive
graphical display of research inter-relationships
from documents.
Testing, feedback, outreach, and expansion of
the myPH user base will continue. As
mentioned, we are establishing linkages to wider
audiences, including statewide, national, and
international users who are interested in
modifying myPH for their environments.

5. Conclusion

Accurate and timely information access and
distribution is central to effective and proactive
public health practice. The goal of our work is
the design and creation of a customizable state of
the art interactive digital system to support the
collection, description, management, and
retrieval of public health documents, data sets,
learning objects, software, and tools. A state of
the art public health knowledge management
system could improve the efficacy and efficiency
of locating and applying relevant information to
decision making by public health practitioners.
Creating such a knowledge management
repository and related tools, integrated into other
resources that are routinely accessed by public
health practitioners, could reduce time spent
searching across and through materials, thereby
enhancing evidence-based public health decision
making and ultimately improving the overall
quality of public health services.
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Information Resource

Content-based
TOOLKIT

Zoo
AHRQ Guide to Clinical Preventive Services
Air Quality Management
ASTHO EBM PH
ASTHO Guide to Clinical Preventive Services
Epi-Info
epiQMS
Epi-X
Canary Database, Animals as Sentinels of Human Environmental
Health Hazards (Yale)
Cancer Registry
CCDM
Community Guide (CDC)
CDC Division of Parasitic Diseases
CIDRAP: Center for Infectious Disease Research & Policy
DARE: Database of Abstracts of Reviews of Effects
DEBI: Diffusion of Effective Behavioral Interventions database
Directory of PH Veterinarians by State
DOH Epi Trends
Emerging Infectious Diseases
Environmental Health Perspectives
Epi-Info
E-roadmap to Evidence-based PH Practice
Guide to Community Preventive Services
H-CUP: Healthcare Cost & Utilization Project
HSDB: Hazardous Substances Data Bank
Merck Veterinary Manual: Global Zoonoses Table
MMWR
NEISS: National Electronic Injury Surveillance System
NIOSH Pocket Guide to Chemical Hazards
Popline (POPulation information onLINE)
Prevention Communication Research Database
StateHealthFacts (Kaiser Family Foundation)
ToxNET
US Census Bureau
WA State DOH Division of Environmental Health
WA State DOH Zoonotic Disease Program

Epi

Workforcebased ROLE

EBPH
X

CHS

EHS
X

X
X
X
X
X

X

X
X
X
X
X

X
X
X
X

X
X

X

X

X
X
X

X
X
X

X

X
X

X
X

X
X
X

X

X
X
X

X
X
X

X
X
X
X
X
X
X

Table 1. Information Resources Matrix (portion)
KEY: Zoo=Animal Health & Zoonoses; Epi=Epidemiology; EBPH=Evidencebased Publlic Health; CHS=Community Health Specialist;
EHS=Environmental Health Specialist)
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A

B
C

Fig. 1. myPublicHealth, http://myph.org (v.7.4)

10

