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ABSTRACT 

Development of Systematic Knowledge Management for Public Health:  

A Public Health Law Ontology 

Jonathan Keeling 

 

The Institute of Medicine has stated that legal structures and the authority vested in health 

agencies and other partners within the public health system are essential to improving the 

public’s health.  Variation between the laws of different jurisdictions within the United States 

allows for natural experimentation and research into their relative effectiveness.  Yet the current 

knowledge management environment of public health law lacks standardization and 

formalization of public health legal concepts.  This study describes an ontology developed for 

two specific domains of public health law: emergency preparedness and community water 

fluoridation.  An ontology of public health law concepts is an effective way to efficiently 

formalize, standardize, and manage this information for the benefit of public health practitioners, 

researchers, and policy-makers.  

Law corpora in the two domains collected in previous studies were obtained.  The context of 

public health law work in research and practice including workflows, resources, and barriers to 

use was determined through key-informant interviews.  Concepts and relationships were 

extracted from the law corpora and from supporting documentation using natural language 

processing.  Concepts and relationships were refined and mapped together using a modified 

Delphi survey conducted with a panel of public health law experts. The resulting concept map 

was used to create the public health law ontology in Protégé.  The final prototype ontology 



 

 

contains 9 semantic types, 8 kinds of semantic relations, 1,484 concepts, 3,793 law instances, 

and 3,022 semantic relationships.    

The ontology was evaluated in two ways: first by using information retrieval scenarios with 

experts and second by comparing the breadth and depth quantitatively to existing ontologies.  

Using the ontology, the time required for information retrieval decreased and precision improved 

compared to current methods.  Although this ontology has low breadth and depth compared to 

existing ontologies, it has larger breadth and depth when used to annotate public health laws in 

comparison to news articles and laws in general.  

Knowledge management is critical in information rich environments and allows us to improve 

the development, discovery, communication, translation, conversion, maintenance, and 

application of this knowledge.  This ontology is significant because few formal knowledge 

management tools exist for public health and law and none exist at the intersection of those 

fields.  It is a first step toward developing a shared understanding of the conceptual content and 

relationships of public health law and is formative work that will support the science of public 

health.  It is also a common framework that will allow for enhanced information retrieval, data 

annotation and integration, semantic interoperability, and reasoning across public health 

jurisdictions, a critical step for improving public health research and practice. 
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Chapter 1. Introduction 

1.1. Problem Statement 

The Institute of Medicine has stated that legal structures and the authority vested in health 

agencies and other partners within the public health (PH) system are essential to improving the 

public’s health.  Variation between the laws of different jurisdictions within the United States 

allows for natural experimentation and research into their relative effectiveness.  Law is 

intrinsically related to public health and is an important foundation of PH practice and research; 

however related information is poorly managed and not easily retrievable.  The complexity of the 

modern PH system has developed over decades in state and local jurisdictions. The laws respond 

to specific PH threats that occured at different times in different regions and 

municipalities.  While there may be commonalities in intent, laws have unique properties such as 

terminology used, organization of content, and legal mechanisms. This has created a 

disorganized legal knowledge environment for PH practitioners and researchers. There is a need 

to more effectively and efficiently formalize, standardize, and manage this information for the 

benefit of PH practice and research. 

1.2. Potential Solution 

Representation of the knowledge within the corpus of laws that concern PH matters and authority 

requires a system based on abstraction of concepts and storage of knowledge (see section 1.3)[1].  

At a high level this involves building standard and formal definitions of concepts and their use to 

enable the reuse of derived knowledge and facilitate the connection of databases and datasets in 

the PH domain.   
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1.3. Specific Aims 

The study presented here developed and evaluated a PH law ontology for use in PH practice and 

research.  To do so the researcher interviewed PH law practitioners and researchers to determine 

broad information resources, workflows, and barriers currently present in the field of PH law, 

extracted concepts and the relationships between those concepts from corpora representing two 

domains of PH law, refined those concepts and relations using expert panels to create a PH law 

ontology, and evaluated that ontology using task-based performance scenarios and comparisons 

to existing ontologies. 

The study includes three major aims with associated sub-studies: (Aim I) determine the broad 

functional requirements of a law ontology for the domain of public health in general; (Aim II) 

develop a PH law ontology specific to community water fluoridation and emergency 

preparedness using expert opinion; and (Aim III) evaluate the resulting ontology (Table 1.1). 

In Aim I we assessed the current scope, use context, information resources, workflow processes 

and barriers of PH law as it is used broadly by PH law researchers and practitioners.  Study 1 

consisted of a series of key-informant interviews using a semi-structured question guide and 

problem-solving scenarios tailored to either research or practice.  The findings revealed current 

PH law utilization and helped to identify the functional requirements of a PH law ontology.  By 

identifying potential use cases and competency questions (questions the ontology should be able 

to answer), the results of Aim I guided development of the ontology. 

In Aim II a concept map of legal, water fluoridation, and emergency preparedness concepts was 

created and refined.  A concept map is a structure showing concepts and the relationships 
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between those concepts in a specific domain such as PH law.  This representation is the first step 

in ontology building.  Aim II was accomplished through two studies.  Study 2a assessed the 

feasibility of domain concept extraction from a collection of laws and vocabularies via the 

Delphi method.  The Delphi method uses a survey to collect expert opinion in two or more 

rounds steered by a facilitator in which later rounds are informed by results of the previous 

rounds.  Once the feasible number of concepts per subject was determined by a small group of 

experts, study 2b was conducted using a larger group of experts. The Delphi method was used to 

refine and finalize the concept and relation list from which the concept map was constructed. 

In Aim III an evaluation of the usefulness and completeness of the ontology was conducted using 

task-based performance scenarios and comparisons to existing ontologies. Study 3a compared 

the information retrieval speed, precision, and recall of this ontology versus an existing database 

using scenarios derived from Aim I.  Study 3b quantitatively compared the breadth and depth of 

the conceptual coverage of this ontology with several medical ontologies and a thesaurus which 

can be considered a “gold standard” ontology of the English language. 
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Table 1.1. Outline of research aims and studies. 

Aim Study Subjects Purpose Method 

Aim I 
Assessment of 

PH Law 

Utilization 

Study 1 10 

Determine information 

sources, workflows and 

barriers 

Key-informant 

interviews 

and problem-solving 

scenarios using  

think aloud protocol 

Aim II 

Ontology 

Development 

Study 2a 3 Pilot Delphi survey 

Delphi Method using 

 3 PH law experts 

 (2 rounds) 

Study 2b 10 Refine final concept map 

Delphi Method using  

10 PH law experts 

 (2 rounds) 

Aim III 

Evaluation 

Study 3a 4 
Evaluate use for 

information retrieval 

Information retrieval 

scenarios 

(Time, precision, recall) 

Study 3b 0 
Evaluate external 

thoroughness and fit 

Comparison of breadth 

and depth of several 

ontologies 

 

1.4. Research Questions and Hypotheses 

Aim 1: Assess the current scope, use context, information resources, workflow processes and 

barriers of PH law use by researchers and practitioners guide ontology development 

1. Question: What is the scope and context of work currently being done with public health 

law in research and practice? 

2. Which information resources are being used in PH law research and practice? 

3. Question: What are the workflows used in PH law research and practice? 

4. Question: What are the barriers in the workflows in PH law research and practice? 

 

 



5 

 

 

 

Aim 2: Extract domain terms from laws and vocabularies, refine and finalize the concept and 

relation list, and create the ontology 

1. Question: What is the complete set of terms that are representative of the domains of 

emergency preparedness law and water fluoridation law? 

2. Question: What is the ideal set of concepts and relations that are representative of the 

domains of emergency preparedness law and water fluoridation law? 

Aim 3: Intrinsically evaluate the coverage and fit of the PH law ontology using information 

retrieval scenarios and comparison to other ontologies 

1. Hypothesis: The ontology will improve the speed, precision, and recall of information 

retrieval for users compared to an existing database query interface. 

2. Question: How does the breadth and depth of this ontology compare to medical 

ontologies and a gold standard? 

 

1.5. Models and Frameworks 

The theoretical models and frameworks that inform this work include models on knowledge 

management, ontology development, information retrieval, and public health.   

1.5.1. Knowledge Management Guides Ontology Development 

Knowledge management is a general term that describes the creation of knowledge repositories, 

improvement of knowledge access and sharing, communication through collaboration, 

enhancement of the knowledge environment, and management of knowledge as an asset for an 

organization.  Knowledge management is not one single discipline but rather an integration of 

numerous endeavors and fields of study. Newman’s general knowledge model was used to define 

knowledge management (Figure 1.1) [2]. 
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Figure 1.1. The general knowledge model as described by Newman.  Reproduced with 

permission [2]. 

 

The general knowledge model is expressed as a series of knowledge flows which are the set of 

processes, events, and activities through which data, information, knowledge, and meta-

knowledge are transformed from one state to another. Knowledge creation is the set of activities 

associated with the entry of new knowledge into the system and includes knowledge 

development, discovery, and capture.  Knowledge retention is the set of activities that preserve 

knowledge and allow it to remain in the system once introduced.  It includes all the activities that 

maintain the viability of the knowledge in the system.  Knowledge transfer is the flow of 

knowledge from one party to another, including communication, translation, conversion, and 

filtering.  Knowledge utilization is the set of activities and events where the knowledge is 

applied. 

The general knowledge model organizes and classifies knowledge management methods, 

practices, and technologies by relating them to distinct phases within the model. It can be applied 
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to examine knowledge flows to understand the interactions and dependencies among pieces of 

information and their communicators [3]. 

1.5.2. Ontology Development Framework Guides Ontology Design 

The word ontology has many definitions and interpretations depending on context (i.e. 

philosophy vs. computer science).  To establish a conceptual grounding for the notion of an 

ontology, a framework derived by expert consensus was used (Fig. 1.2) [4].  The framework 

identifies the limited number of key dimensions along which ontologies can be characterized and 

provides operational definitions for those dimensions.  

 

Figure 1.2. The ontology framework developed at the Ontology Summit 2007.  Reproduced with 

permission [4]. 

 

The framework dimensions are comprised of two groups: semantic dimensions and pragmatic 

dimensions.  Semantic dimensions include expressiveness, structure, and representational 
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granularity.  Pragmatic dimensions include intended use, use of automated reasoning, and 

descriptiveness.   

Expressiveness is a property of the knowledge representation language which describes the 

extent and ease with which the language can describe increasingly complex semantics (e.g. 

propositional logic, description logic, first order logic, etc.).   

Structure is a property that refers to elaboration and organization of the semantics encoded by 

the ontology. This is often directly related to the expressiveness of the knowledge representation 

language.  The level of structure could be a simple set of terms (glossary), a tree structure 

(taxonomy), a directed acyclic graph, etc.   

Representational granularity is the level of detail at which the ontology is specified. A crude 

measure of granularity would be the number of concepts and the number of relation instances.  

Intended use is the dimension which records the original purposes of the ontology. For example 

these may include semantically informed search, data semantics specification for databases or 

data entry, data integration across multiple data sources, controlled vocabularies, etc.   

Automated reasoning is a dimension which records the extent to which it is anticipated that an 

ontology will be used by automated reasoning software, e.g., for question answering. It helps to 

inform whether the ontology should be encoded using some form of logic.  

Descriptiveness is a dimension which characterizes whether the intent of the ontology developer 

is simply to describe contemporary semantic usage without much regard as to the scientific 
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correctness of the encoded knowledge.  For example a whale might be described as a large fish. 

Alternatively, correctness may be of considerable concern, e.g. a whale is a mammal not a fish. 

1.5.3. Information Retrieval Model Guides Evaluation Methods 

One potential use case for this ontology is to improve PH law information retrieval. A 

framework of the information retrieval process shows how information needs and information 

sources can be matched through conceptual tags and conceptual search terms (Figure 1.3) [5].   

 

Figure 1.3. A general model of the information retrieval process where the information need and 

the document collection have been translated into surrogates (conceptual tags and conceptual 

search terms) to enable a matching process.  Adapted from Spoerri, Lancaster, and Warner [5, 6]. 
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The user first identifies an information need, and through a mental process is able to translate 

this need into a conceptual query.  This conceptual query can be transformed into a set of 

conceptual search terms.  If the document collection has been conceptually analyzed and 

conceptual tags have been created (in this case ontological classes representing concepts), then 

the conceptual search terms and conceptual tags can be matched.  This method improves the 

information retrieval process by using a knowledge representation structure such as an ontology 

as a mediator to help match documents with queries. 

1.5.4. The Core Functions of Public Health Guides Key-informant Interviews 

The Institute of Medicine has defined three core functions that are the responsibility of 

governmental PH systems: assessment, policy development, and assurance (Figure 1.4) [7, 8]. 

 

Figure 1.4. The three core functions of public health [7]. 

 

Assessment is the process of determining what the important health problems of the community 

are, policy development establishes what actions must be taken to address those problems, and 

the assurance function determines whether the policies are being carried out in an efficient and 

effective manner, either by the PH system or community partners.  These broad functions 
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encompass the entire spectrum of PH activity, from surveillance functions that detect and 

monitor disease and injury patterns, to developing laws and policies that promote health, to 

assuring that PH interventions are available to the public.  Public health law research and 

practice is an important component of all three core functions.   

1.6. Significance or Knowledge Gaps Addressed by this Study 

Law is the basis of the authority through which the PH system achieves its primary objective: to 

create the condition in which people can be healthy [9].  It is necessary for the work of 

practitioners, researchers, and policy-makers and is complex, inter-related, and evolving.  

Knowledge management is necessary for both humans and computers to use information in 

complex fields [10, 11].  Currently PH law data is siloed, terms are not standardized, and the 

information retrieval process is fragmented across databases and websites.  Without basic 

standardization and formalization of the concepts that define PH law, researchers, practitioners, 

and policy-makers must individually address these problems which can lead to inefficiency, 

inconsistency, and the inability to coordinate efforts reliably.  A PH law ontology will allow for 

enhanced information retrieval, automated data annotation and integration, semantic 

interoperability between data sets, and automated reasoning and knowledge generation.  It is also 

formative work that can lead to a conceptual model of PH law which would unify practice and 

research in the domain with a consistent framework.  These knowledge gaps must be addressed 

to ensure a cohesive body of work within the PH System. 
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1.7. Protection of Human Subjects 

This study was approved by the Columbia University IRB.  Human subjects protection was 

required for all three aims: key-informant interviews in Aim I, Delphi panels in Aim II, and 

information retrieval scenarios in Aim III.  This study was designated as exempt by the IRB 

review board because it is research involving the use of survey and interview procedures that 

will not place the subjects at risk of criminal or civil liability or be damaging to their financial 

standing, employability, or reputation.  See Appendix A.  
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Chapter 2. Background and Significance 

2.1. Summary of Literature Review 

In this chapter the literature on PH law research is summarized including the types of PH law 

and how they are utilized. Current barriers for access and use of PH law are explained.  

Knowledge management techniques for developing ontologies are reviewed and described in 

relation to implementation in PH law. 

2.2. Public Health and Law 

Public health is “the science and art of preventing disease, prolonging life and promoting health 

through the organized efforts and informed choices of society, organizations, public and private, 

communities and individuals” [12].  Public health incorporates interdisciplinary approaches such 

as epidemiology, biostatistics, environmental health, and legal mandates.   

Law is considered by many as the foundation of civilization and modern society [13-18].  It 

shapes politics, economics, and serves as a primary social mediator of relations between 

individual entities.  In doing so, it touches almost all of the endeavors of society, including 

protecting the public’s health.  The Institute of Medicine (IOM) has declared law to be one of the 

most important tools in public health as it provides the field with the authority and funding 

mandates to do its work[7].  PH law is defined as any statute, regulation, or litigation that has 

consequences for the health of a defined population[9].  Broad categories of PH law include 

those covering coercive power such as quarantining, providing health services such as 

immunizations, and maintaining population health through environmental regulations [19]. 
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The indispensable role of law is evident across the entire history of US PH; from early 

colonialists' needs to defend against infectious threats to today's law-based approaches to 

preventing chronic diseases, injuries, and other health issues [20-22].  The US experience with 

smallpox illustrates how, at some points in history, law-based interventions were implemented 

even before science elucidated the nature of the PH threat and the basis of the intervention [23].  

The legal-epidemiologic strategy of quarantine to prevent the spread of smallpox was 

successfully employed on Long Island as early as 1662 [24].  Laws have also created and granted 

authority to government PH agencies such as the Public Health Service Act of 1944.  This 

created the US Public Health Service which eventually became the US Department of Health and 

Human Services [25]. 

2.2.1. Three Types of Public Health Law 

Public health law can be categorized into three separate types: interventional, infrastructural, and 

incidental [9].  Interventional PH laws are intended to influence PH outcomes or the mediators of 

PH outcomes.  For example children who attend public schools are required to be vaccinated 

against certain diseases [26].  Infrastructural PH laws establish the powers, duties, and structures 

of PH agencies.  Examples include laws under review that will promote and support PH 

department accreditation [27].  Incidental PH laws are laws that have a direct or indirect impact 

on public health, but were not written with that specific intention.  An example is municipal 

zoning law which governs the location and amount of industry, living spaces, and green spaces 

[28].  Public health law can also be categorized into the level of government at which it exists 

(federal, state, local), and by its source (legislative, judicial, etc.) (Table 2.1) [9]. 
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Table 2.1. Categorization of laws based on source and level of government 

[9]. 

Level 
Source 

Legislative Executive Judicial Electoral Special 

Federal 
Statutes 

Regulations 

Exec. 

Orders 
Admin. 

Judgments 

Case Law 

(Common 
Law) 

 
Constitutions 

State 
Initiatives 

Referenda Local Ordinances Charters 

 

2.2.2. Three Frames of Use of Public Health Law  

Within the PH system, laws have three frames of use.  The first frame of use is the practice of 

PH.  This includes the practitioners and enforcers of PH law at any government or non-

government agency that impacts public health.  Examples include disease reporting and water 

fluoridation which compel behavior [29, 30].  PH law also establishes and delineates the 

missions of PH agencies, authorizes and delimits PH functions, and appropriates essential funds 

for PH practice [9].  The Institute of Medicine has stated that PH practitioners must familiarize 

themselves with PH laws and policy interventions in order to maximize their ability to efficiently 

and effectively respond to emerging PH threats and emergencies [31]. More recently in 2009 an 

information needs survey of the management of 13 local health jurisdictions in the Washington 

state PH practice-based research network indicated that 67% of respondents requested 

information about PH laws and regulations (rank 9) and 94% requested information about the 

impact of PH policy on health outcomes (rank 3) [32].   

The second frame of use is research of PH law.  Many studies have been done to assess the 

effectiveness or ineffectiveness of PH law in dealing with PH issues.  These include studies of 

the role of law in dealing with emerging diseases [24, 33], how laws impact specific diseases 

such as AIDS [34], tuberculosis [35, 36], and sexually transmitted diseases [37], and how laws 
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impact health behavior such as tobacco use [38], seatbelt use [39], and obesity [40].  Other PH 

law scholarly research discusses the legality and ethics of case rulings on issues such as water 

fluoridation and enforced quarantine [41, 42].  A powerful and often-used type of study is the 

“50 state study” in which PH law researchers will compare law effectiveness across all 50 states.  

These studies take advantage of the natural experimental conditions of 50 different and 

independently acting state legislatures and PH systems.  Examples of 50 state studies include 

reviews of the differences in injury reporting laws and differences in health information privacy 

laws across the nation [43, 44]. 

The third frame of use is development of new and more effective laws and the creation of tools 

and models to assist in that effort.  Policy-makers borrow laws from other jurisdictions and use 

evidence produced by PH law researchers.  The Turning Point Model State Public Health Act is 

a prominent example [45].  This act transforms and strengthens the legal framework for PH 

through a collaborative process and to standardize and modernize PH law across the nation [46-

48].  Currently 33 states have adopted at least some portion of the act. 

2.3. Barriers to Use of Public Health Law 

There are several barriers to effective use of PH law that particularly affect researchers and 

practitioners.   

2.3.1. Temporality 

Time resolution is important when studying the effectiveness of a law, or when enforcing it [49].  

For example, dating the onset of a policy from a statute’s enactment date rather than the date it 

actually took effect can result in missing the correct start date by a year or more.  Similarly, 
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limiting the time resolution to simply the year in which a policy changes risks mixing results 

from before and after the specific date of change since most laws do not take effect on January 

1
st
.  Changes over time must also be taken into account in both the written language of a law, and 

in its interpretation by the legal and PH system.  These include anticipation effects and lagged 

effects depending on the notoriety or media attention of a law and its enforcement and decaying 

effects if the law is not enforced.  Statutory effects that could cause changes over time include 

grandfather clauses which exempt certain parties and sunset clauses which set a specific end date 

of the law, amendments which change the law, and repeals or invalidation by a judiciary which 

negate the law.  These effects must be considered not just on the law itself, but also on any 

associated appropriations or funding.   

2.3.2. Jurisdictional Differences 

Determining what the law is in a geographic area can be complex due to the interaction of 

diverse statutes, regulations, and court cases along with variation in interpretation and 

enforcement [49].  For multi-jurisdictional research and, in some cases, for proper interpretation 

of results from a study conducted in a single jurisdiction, cross-jurisdictional differences must be 

addressed.  The effect of tribal law and treaties/international law can also complicate matters 

[50].  Different jurisdictions may have functionally equivalent policy, but the statutes may be 

structured differently between them making proper rigorous legal research difficult [51].   

Producing accurate measures also requires close attention to the sources of the level and the level 

of the law.  When relevant law exists at more than one level of government, lower level law may 

be superseded.  For example, there is a single national system for the regulation of medical 

devices which prevents states and localities from creating inconsistent or conflicting rules.   
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2.3.3. Other Barriers 

Laws can be difficult to research or enforce because a single conceptual area of PH can cut 

across many areas of law.  For example, prescribing and dispensing sterile injection equipment to 

prevent HIV infection is regulated with coding statutes, regulations, and ordinances in the areas 

of medical practice, controlled substances, drug paraphernalia, mandatory prescriptions for sale 

or possession of injection equipment, and pharmacy practice [52].  The attitude of the public 

towards a law and social norms must also often be taken into account when studying laws [53].  

The level of enforcement, notoriety of the law, social norms can all have an effect on compliance 

with the law [54].  Finally, comparative research is difficult because there is no “gold standard” 

for studying PH laws and their effectiveness [49].  The details of a study such as level of detail or 

granularity chosen and different choices in the measures and variables and the way they are 

calculated can result in inconsistency in the field of PH law research. 

2.4. Knowledge Management Techniques for Public Health Law 

Knowledge management is a range of techniques and processes that aim to create, represent, and 

distribute knowledge.  Commonly held definitions in the field of knowledge management are 

that data is raw numbers and facts, information is processed data, and knowledge is authenticated 

information [55].  Knowledge management is used in both the public and private sector to 

improve organizational performance, spark innovation, and share lessons learned [56].  There are 

several models of knowledge management that attempt encapsulate different aspects of the field.  

Wiig’s model illustrates several attributes of knowledge including knowledge relevancy, 

consistency and the level of connectedness between knowledge items, and the perspective or 

purpose of the knowledge [57]. Nanaka divides knowledge into explicit knowledge (easy to 
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formalize and share) and tacit knowledge (hard to formalize) and models the transformation of 

knowledge between the two categories [58].  Newman’s model characterizes the four major 

processes in knowledge management: creation, utilization, retention, and transfer (described in 

more detail in section 1.5.1) [2].  Newman’s model was chosen to guide this study because it was 

applicable to the development and use of a computational knowledge management system. 

When managing knowledge there are often human components and technical/computational 

components [1].  These technical/computational components allow for integration of information 

from multiple sources to support the way people work, make decisions, and carry out specific 

processes.  For example, integration of population-level health data with PH legal mandates to 

assess funding or jurisdiction gaps [59].  Computational implementations for storing and 

describing knowledge can come in many forms including glossaries, data models, controlled 

terminologies, taxonomies, concept maps, and ontologies. 

2.4.1. Glossaries, Vocabularies, and Taxonomies 

Glossaries, vocabularies, taxonomies, and ontologies are techniques used for managing and 

retrieving information [60].  A glossary is an alphabetical list of terms in a particular domain 

which includes term definitions.  Controlled vocabularies are similar to glossaries but allow for 

phrases, are generally controlled by a specific authority, and are often used to tag units of 

information.  Taxonomies are a classification scheme that introduces relationships between terms 

in the form of a linear hierarchy, for example the familiar taxonomy of life which categorizes 

species as part of a genus, which is part of the larger category of family, and so on [61].   
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2.4.2. Ontologies 

An ontology is a method for representing knowledge within a domain.  An ontology generally 

includes a set of central domain specific concepts which may represent external entities (i.e. the 

concept dog), a set of relations which link the concepts (i.e. dog is-an animal, dog has-a tail) and 

the properties of those concepts (i.e. dog has a property ‘color’) [62]. These concepts and 

relationships can convey semantic information and represent precise linguistic meaning such as 

equivalency, hierarchy, and association [63].   

The functional advantages of using ontologies include sharing data and knowledge between 

scientists and disciplines, computational reasoning, facilitating data storage, and integrative 

analysis [64].  They also benefit scientific domains of research by allowing researchers to 

negotiate and agree on domain-specific core concepts and the hierarchical relationships between 

those concepts.  Semantic relationships can be used with formal logic (mathematical operations) 

to create new knowledge.  For example the Foundational Model of Anatomy and Foundational 

Model of Physiology ontologies were combined with a set of description logics to infer 

secondary health consequences of penetrating injuries [65].  By combining domain knowledge of 

anatomy and physiology, possible future health problems could be predicted and reported to 

medical staff.  One of the primary benefits of knowledge management is the creation of formal 

knowledge from data – knowledge that is reusable and sharable between researchers and 

practitioners. 

Since 1996, the number of ontology-related publications in PubMed and Medline has grown 

rapidly [66]. Ontologies have been used in areas such as linguistics and languages, astronomy, 
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and extensively in biomedicine.  Concepts modeled in biomedicine have included gene functions 

[67, 68], model organism biology [69, 70], and medical disease classifications [71].   

2.4.3. Benefits of Ontologies in the Clinical Domain 

Ontologies have had a direct impact in the domain of biomedicine during the past decade.  One 

area is the managing of biomedical knowledge.  Ontologies have been used to index the 

biomedical literature including the Unified Medical Language System (UMLS) which is a 

compendium of many controlled vocabularies in biomedicine [62, 72-74] and the Gene Ontology 

which covers genes and gene products [75].  Clinical documents can be coded in electronic 

health records using the Systematized Nomenclature of Medicine – Clinical Terms (SNOMED-

CT)  which covers entities such as diseases, organism, substances, and procedures[76, 77], the 

International Classification of Diseases (ICD) which covers diseases, signs, and symptoms [78-

81], and the UMLS [82].  Biological experimental data is annotated not only using the Gene 

Ontology [83-87], but also SNOMED-CT [88], and Medical Subject Headings (MeSH) which 

covers medical topics and subjects for indexing literature [89].  Ontologies are also used to 

enhance information retrieval in document collections and search engines such as MEDLINE 

[90-93], Textpresso [94], SAPHIRE [95], and Go PubMed [75].   

Another area of the clinical domain where ontologies have had a direct impact is data exchange 

and semantic interoperability.  In order to exchange medication data Veterans Affairs hospitals 

and the Department of Defense several ontologies have been used including SNOMED CT [96], 

Logical Observation Identifiers Names and Codes (LOINC) which provides a universal standard 

for identifying medical laboratory observations [97, 98], and Health Level Seven (HL7) which 

standardizes the exchange of health information [99].  Integration of experimental datasets has 
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been facilitated using LOINC [100], the Foundational Model of Anatomy [101], and SNOMED-

CT [102].   

Ontologies also enable decision support in the clinical domain.  They have been used in alert 

systems [103] and automatic reasoning services [104] by encoding factual and logical statements 

in a knowledge base that can then be used by an inference engine (i.e. IF drug X is taken AND 

drug Y is taken THEN alert user).  In research and consumer applications, ontologies are used to 

support Natural Language Processing (NLP) systems which include question-answering systems 

[105-107] and summarization of medical documents [108-110].  

Annotation of data, indexing of documents, data exchange, integration, and interoperability are 

all successful applications of ontologies in the clinical domain, and are also necessary tasks in 

many other domains such as PH law. 

2.4.4. Existing Knowledge Management Implementations in Public Health 

There are currently few taxonomies or ontologies in PH.   There are many health-related 

taxonomies and ontologies that are often used to represent clinical data that is used by PH but 

these are not considered PH taxonomies or ontologies [111, 112].  Many glossaries and 

controlled vocabularies exist in PH including glossaries for evidence-based PH research [113], 

health literacy [114], and health inequalities [115].  The Public Health Information Network 

(PHIN) at the CDC maintains the PHIN Vocabulary Access and Distribution System (VADS) 

which is a web-based enterprise vocabulary system for accessing searching, and distributing 

vocabularies and contains over 1.8 million terms in text and tabular format [116]. However most 

are just minimum term or concept sets within a domain with associated definitions.  Few contain 

hierarchical relationships and none contain semantic relationships [117, 118].  Beyond simple 
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glossaries and vocabularies, a taxonomy of essential PH work containing 151 terms in three 

domains (tasks, knowledge and resources) was created using manual term extraction from 

practice documents with expert review [119].  Two specific PH ontologies exist:  a pilot 

ontology of PH indicators with 19 concepts [120]; and an ontology of vaccine-related adverse 

events [121].  The small scope and size of these ontologies limit their usefulness.
 

2.4.5. Existing Knowledge Management Implementations in Law 

Known sources of law available online including privately-owned commercial databases such as 

LexisNexis [122], Westlaw [123], FindLaw [124], and Municode [125]. Other sources include 

official federal, state, and local websites which list laws as plain text using their inherent 

classification scheme (chapter, article, section, etc) [126, 127].  Westlaw does incorporate 

conceptual tagging, however it is limited and does not convey semantic relationships [128].   

A branch of the artificial intelligence research community is specifically dedicated to automated 

legal reasoning [129, 130].  Much research has occurred in the domains of argument logic [131], 

persuasion dialogue generation [132], and argument interchange standards [133].  The goal of 

this research is to develop a system that can analyze existing legislation and jurisprudence and 

deduce the outcome of a legal case before the court.  The practical applications of this 

technology are somewhat limited but it is seen as a good test case for development of artificial 

intelligence.   

The development of general knowledge management in law is limited in the academic or public 

domain.  Recent research has been focused on developing an ontology for patent law [134] and 

using ontologies to support the e-government initiative [135] which is dedicated to using 
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technology to improve how the government interacts with citizens and businesses. A general law 

ontology called Legal-RDF was under development as late as 2006 but appears to be abandoned 

[136].  An open source legal ontology known as the European project for Standardized 

Transparent Representations in order to Extend Legal Accessibility (ESTRELLA) has been 

under development in Europe since 2006 [137, 138]. This ontology was developed for legal 

professionals and includes ontological definitions of actions, places, time, parts/whole, types of 

law, social norms, and agents.   

ESTRELLA is not yet in full time use and has not been evaluated but is sufficiently documented 

that it can be used as a starting point for the construction of a PH law ontology [139].  To our 

knowledge there exist no open taxonomies or ontologies specific to PH law.  Private companies 

and law firms have developed legal taxonomies for their own use. However, because they are not 

academic in origin or available publicly it is unknown what methods were used to construct or 

evaluate them [128, 140].   

2.5. Preliminary Work Relevant to this Study 

Previous research in knowledge management of PH law was conducted by this researcher in the 

domain of community water supply fluoridation [141].   A web portal named the Fluoride 

Legislative User’s Information Database (FLUID) that contains state and national case law, state 

and local legislation, ballots, bills, journal articles, and supporting documents.  Prior to FLUID, 

water fluoridation policy information could be found on the internet but information was 

catalogued in simple lists without specifying relationships between what is available and 

concepts that information-seekers use to retrieve specific content.  Sites aimed toward general 

audiences also fell short on targeted information for specialized groups. FLUID addressed these 
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gaps by creating a centralized portal of information that would be easily searched and browsed 

by PH policy-makers.  FLUID contains comprehensive information on fluoride legislation that 

employs an issue-specific terminology or “folksonomy” to relate classes of information, thereby 

reducing barriers to information retrieval.  The FLUID issue-specific terminology was developed 

using expert opinion.  This work stands as a proof of concept for knowledge management of PH 

law, and data collected for FLUID was reused in this study (section 4.2.1). 
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Organization of Chapters 3 - 5: Methods and Results 

This study consists of three discrete aims and sub-studies associated with those aims.  For the 

purposes of clarity each aim is presented in a separate chapter that includes both methods and 

results. 

Chapter 3. Aim I – Assessment of Public Health Law Utilization and 

Functional Requirements 

3.1. Aim I Overview 

Aim I determined the broad functional requirements of a law ontology for the domain of PH in 

general. This was done by assessing the current scope, use context, information resources, 

workflow processes and barriers of PH law as it is used broadly by PH law researchers and 

practitioners.  Key-informant interviews and problem-solving scenarios were used to obtain this 

information.  This chapter presents the methods and results for Aim I. 

3.2. Aim I Methods 

3.2.1. Subjects for the Key-informant Interviews and Problem-solving Scenarios 

Ten subjects were recruited for Aim I.  Five subjects were PH law researchers from four 

academic institutions in New York City and Philadelphia.  Two researchers held Juris Doctor 

degrees, two held Doctors of Philosophy, and one held a combined PhD/JD.  All five held 

faculty positions in either the legal or PH departments of a major research institution.  Three of 
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the researchers indicated specific experience with emergency preparedness law.  The average 

experience in the PH law research field of the researchers was 13 years.   

Five subjects were PH practitioners who used PH law in their daily work.   Three practitioners 

held Juris Doctor degrees and two held Doctors of Medicine. Two practitioners worked in the 

New York City Department of Health which serves a population of 8.2 million and three 

practitioners worked in local health departments in the Hudson Valley region of upstate New 

York which served populations of 100,000, 300,000 and 375,000 [142].  These four health 

departments fall into the top 33% (600 LHDs) of all local health departments by size of 

population served and the New York City Department of Health and Mental Hygiene is the 

largest local health department in the country [143].  Two of the practice subjects indicated 

specific experience with emergency preparedness law, and one subject indicated specific 

experience with water supply (including fluoridation) law.  The average experience in the PH 

law practice field was 18 years.  Sampling was based on geographic distance, ability to inform 

on emergency preparedness and water fluoridation law, and having a representation of both those 

who possess a Juris Doctor degree and those who did not.  The profiles of the 10 subjects can be 

seen in Table 3.1.  A county judge and county attorney also participated in the interviews at two 

of the local health departments.   
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Table 3.1. Characteristics of the 10 subjects recruited for Aim I key-informant interviews and 

problem solving scenarios. 

Group Subject 

Academic Degree 
 Domain 

Experience 
PH Law 

Experience 

(Years) PhD JD MD 
 Emerg. 

Prep. 

Water 

Supply 

Practice 

Gen. Counsel 1  X   X  25 

Gen. Counsel 2  X     13 

Commissioner   X    23 

Dep. Comm. 1  X   X  19 

Dep. Comm. 2   X   X 10 

Research 

Professor X X   X  22 

Asst. Professor 1  X   X  10 

Asst. Professor 2  X     17 

Asst. Professor 3 X    X  8 

Assoc. Professor X      7 

 

3.2.2. Procedures for Aim I 

Key-informant interviews with a semi-structured interview guide were used as the primary 

method.  Problem solving scenarios using the think-aloud protocol were used as a secondary 

method.  Each subject participated in the key-informant interviews and problem solving 

scenarios.  Each subject was met in-person for between 1 hour and 1 hour 15 minutes.  For 9 of 

the 10 subjects the interview was conducted at their workplace.  The tenth subject was 

interviewed in the offices of the Department of Biomedical Informatics at Columbia University.  

The purpose of traveling was to ensure that subjects were able to demonstrate resources they use 

in their work if necessary.   Key-informant interviews with each subject were done during the 

first 40-50 minutes of the meeting.  A semi-structured interview guide was developed using a 

combination of previous questionnaires and expert opinion.   
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3.2.3. Development of the Interview Guide 

The interview guide was developed by combining two existing PH workforce surveys and then 

adding questions specific to law with the help of a PH law domain expert.  The first PH 

workforce survey was developed by the Public Health Foundation to assess how, when, and why 

the users of their continuing education materials entered the field of public health [144].  The 

questions adapted from this survey covered education, previous work experience, and specific 

areas of expertise.  The second workforce survey was developed by researchers to assess public 

health workers’ perceptions toward responding to an influenza pandemic [145].  The portion of 

the survey that was adapted for this study covered subjects’ opinions towards specific resources 

used in their professional duties.  Additional questions covering workflows and barriers when 

using PH law were created with the help of a domain expert.  The interview guide consists of 18 

primary questions each of which have several sub-questions/prompts.  Five questions covered 

background information including work history, and academic training.  Three questions covered 

workflows, 6 covered organizational and informational resources, and 4 questions covered 

workflow barriers.  Interviews were tape-recorded and transcribed.  The interview guide can be 

found in Appendix B. 

3.2.4. Development of the Problem-solving Scenarios 

Following the interviews, each subject was instructed to complete three problem solving 

scenarios using the “think-aloud” protocol [146].  The think-aloud protocol requires subjects to 

talk out loud about what they are thinking, doing, and feeling as they go about a task.  The 

subjects were asked to describe how they would accomplish the scenario including an outline of 

the steps they would take and a list of the resources they would use.  The amount of time given 
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for these scenarios ranged between 10 and 20 minutes.  Six scenarios were designed: 3 scenarios 

for practitioners and 3 for researchers due to their different job descriptions.  The research 

scenarios were developed by selecting three national “50 state studies” covered in the literature 

review (section 2.2.2) and modifying their central research question by changing the PH topic 

being studied to ensure a novel question that had not previously been researched [52, 147, 148].  

The practice scenarios were developed by adapting three examples of PH law use by 

practitioners from a report published by the Council of State and Territorial Epidemiologists 

[149].  Scenarios were tape-recorded and transcribed.  The scenarios can be found in Appendix 

B. 

3.2.5. Data Analysis 

Thematic analysis of the transcribed data collected during both the key-informant interviews and 

problem-solving scenarios was done using the constant comparison technique [150].  Each 

transcript was analyzed twice by one researcher. The initial thematic coding was done to extract 

a complete list of proto-themes relevant to the study without regard to variety or definition of 

themes.  For example the proto-theme “data timeliness” was derived from a subject who 

discussed having “difficulty knowing if presented information was up-to-date” while the proto-

theme “data coverage” was derived from a subject who mentioned that “large websites lack 

coverage at the local level”.  The proto-theme list was then harmonized by reviewing the 

complete list, identifying repeating ideas through inductive and deductive reasoning, and 

combining them into larger themes that connect different proto-themes.  For example the proto-

themes “data timeliness” and “data coverage” were combined into the theme of “trust” because 

both were referencing a lack of trust in the completeness and/or timeliness of the data.  By 



31 

 

 

 

looking at the combined set of proto-themes that composed each theme, a definition for each 

theme could be created.  This definition was used for a re-examination of the transcript using a 

procedure known as axial coding.  This involves re-contextualization whereby the transcript is 

now considered in terms of the developed themes.  For example the definition of the theme 

“trust” was positive or negative opinion on the reliability of PH law data from any source.  

Sections of the transcript where this idea was discussed were coded with “trust”.   

The rigor of the qualitative methods used in Aim I was assessed using multiple methods.  First, 

triangulation which is a method of cross-checking the data for irregularities and inconsistencies 

was done between answers given during the interviews and the “think-aloud” transcripts of the 

scenarios [146, 151].  For example if during the interview portion a subject reported using a 

specific set of web resources when gathering legal data, this set was cross-checked with the set 

of data resources a subject reported when thinking aloud about a problem scenario.  Second, 

member-checks where the subjects’ views are assessed for meaning and applicability by other 

subjects was done using a domain expert.  Third, sampling of subjects was done to maximize 

variation across key factors including areas of expertise and possession of a JD degree.  Finally, 

documentation was kept to maintain an audit trail including the interview guide and problem-

solving scenarios which can be found in Appendix B. 

3.3. Aim I Results 

3.3.1. Workflows 

Three distinct workflows emerged from the data, one representing PH law research, and two 

representing PH law practice at different size health departments.   
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The Researcher All researchers interviewed described a similar workflow.   This workflow was 

consistent with a previously identified workflow by the Public Health Law Research (PHLR) 

Group at Temple University [152]. 

The results of these qualitative interviews corroborate the PHLR’s formative research in this 

area.  The research workflow is composed of five steps (Figure 3.1A). First researchers develop a 

conceptual model of the issue they are studying including all known influencing factors.  This 

generally involves considerable research into the existing legal landscape surrounding the issue 

as well as the science behind it.  For example the conceptual model of tobacco use would include 

laws that limit sales to minors, laws that enact taxes on tobacco products, societal norms about 

using tobacco, and many other factors[38].  Second they derive measures from the conceptual 

model that will allow them to measure outcomes.  These outcomes are generally population 

health effects such as the number of tobacco-related deaths.  PH law researchers then gather data 

which can include both health and legal data and use it to construct variables such as the amount 

of tobacco tax and the number of tobacco sales. The final step is to perform statistical analysis.   
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Figure 3.1. Three workflows identified in Aim I. Workflow A describes PH law research. 

Workflow B describes PH law practice in a city health department serving a population of 8.2 

million.  Workflow C describes PH law practice in a county health department serving a 

population of between 100,000 and 375,000. 

The Large City Practice The second workflow suggests how the law is used by PH 

practitioners in a city health department serving a large population (Figure 3.1B).  PH law 

practitioners’ responsibilities include advising the commissioner and program teams on legal 

issues, updating city PH codes and policies, drafting new codes and policies, and litigating PH 

cases on behalf of the city.  Their workflow is composed of four steps.  The process generally 

begins with the program (i.e. environmental health, infectious disease, etc) where the issue is 

identified.  The program officer reviews new science or identifies some violation where legal 

action should be taken.  The program then briefs the counsel.  The counsel then reviews the 

current legal data pertaining to the issue and takes action by advising, updating, drafting, or 

litigating. There is a distinct separation of responsibility and work in city health departments 

between program science and legal practice.  There are only 41 (2%) local health departments in 

the nation serving populations above one million. Although this workflow represents the largest 
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local health department in the nation by population served and is thus specific and non-

generalizable, it suggests how law is used when a large population is served. 

The Small Practice The third workflow suggests how the law is used by PH practitioners in 

local health departments (Figure 3.1C). The primary difference between the city practice 

workflow and the county practice workflow is the existence of dedicated legal counsel.  In 

county health departments the program officers must take on the majority of the tasks.  The 

advising and litigating tasks are also separated from the health department at the local level.  

When advice or litigation is needed county health departments use a county attorney that is 

shared by the entire county government.  The county practice workflow is comprised of four 

steps.  The process generally begins the same way as in the city health department where the 

issue is identified by the program officer.  Instead of having dedicated legal counsel review the 

legal data the program officer must do it themselves which they are often not specifically trained 

to do.  The officer briefs the county Commissioner or Board of Health depending on the local 

government structure, and the Commissioner or Board updates or drafts new ordinances.  County 

level subjects reported that program officers are expected to be experts in the science of their PH 

program and the associated legal environment.   

3.3.2. Organization Resources 

Both practitioners and researchers use other organizations as important resources for legal 

matters.  All PH practitioners reported they routinely obtain advice from their State Health 

Department counsel.  This includes updates on state statutes, how changes in state statutes and 

federal regulations will affect their local ordinances, and advice in litigation. Both practitioners 

and researchers reported reliance on issue-specific advocacy groups.  All practitioners indicated 
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they obtain information from organizations representing local health departments, the individual 

state chapters of those organizations, and regional health networks. These organizations provide 

information and advice on health law related topics and trends at the national and local levels.  

Both researchers and practitioners indicated that they receive help from advocacy groups such as 

the American Medical Association and the American Dental Association.  Researchers obtain 

compiled legal data sets on specific health topics from the advocacy groups.  The advocacy 

groups update practitioners on changes to laws, hire lobbyists, make suggestions on regulation 

development, and answer policy-related questions. 

3.3.3. Information Resources 

Both researchers and practitioners indicated use of online and offline legal information 

resources.  Primary online sources of legal information are LexisNexis [122], Westlaw [123], 

Public Access to Court Electronic Records (PACER) [153], HeinOnline [154], State Net [155], 

Findlaw [124], and state websites.  LexisNexis, Westlaw, HeinOnline, State Net, and Findlaw 

are large general subscription-based commercial repositories of legislation accessible through a 

basic key-word search interface.  PACER and state websites are government run.  PACER and 

HeinOnline are specifically repositories of state and federal court cases.  State Net and Findlaw 

are repositories of mostly state statutes and local ordinances. 

Government websites of each state generally have repositories of state statutes and codes.  The 

interface, breadth, and currency of legal data on state websites vary from state to state.  There 

was a marked difference between the legal information resources accessible by PH law 

researchers and those accessible by practice. PH law researchers use all of the online legal 

sources while practitioners only reported having access to LexisNexis at the large city health 
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department.  Subjects reported rarely using resources such as model laws, offline books, grey 

literature, and blogs.  Portals such as Westlaw were cited as resources primarily by researchers. 

3.3.4. Workflow Barriers and Challenges 

There were 5 workflow barriers identified by all subjects (Table 3.2).  Eight subjects indicated 

the complexity of the legal landscape as a major barrier.  PH law is maintained by many 

organizations in different jurisdictions and stored in many different formats.  This creates 

difficulties when trying to determine current laws or compile datasets.  Seven subjects indicated 

trust that data sets are both complete and current as a workflow barrier.  Trust issues included 

coverage, accuracy, and currency of the legal databases.  Seven subjects reported that a lack of 

consistent terminologies is a barrier.  With no standardized terminologies in public health or law 

comparing across jurisdictions requires in depth manual review.  Six subjects indicated resource 

cost was a major barrier.  PH law researchers at academic institutions had access to most of the 

commercial databases such as Westlaw and HeineOnline.  County health departments often 

relied on offline books.  Four subjects indicated that a lack of institutional memory in health 

departments was an issue.  Records documenting the process of obtaining legal decisions are 

sporadically kept.   
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Table 3.2. Workflow barriers and challenges identified by 10 subjects using key-informant 

interviews and problem solving scenarios. 

Workflow Barrier 
% Subjects 

Cited 
Description 

1 
Complex Legal 

Landscape 
80% 

PH law is maintained by many different 

organizations in different jurisdictions and stored 

in many different databases and formats 

2 Trust 70% 
Breadth of resource coverage, data accuracy, and 

data currency 

3 
Lack of Consistent 

Terminologies 
70% 

No standardized terminologies in the law, little in 

public health 

4 Resource Cost 60% 

Specialized legal databases are expensive for 

researchers, basic legal databases are expensive 

for county health departments 

5 

Knowledge 

Maintenance and 

Reuse 

40% 
Institutional memory at health departments and 

replication of studies for researchers 

 

3.3.5. Ontology Competency Questions 

Several ontology competency questions were derived from the interviews.  Competency 

questions are questions that an ontology should be able to answer [156].  (1) What is the current 

set of active laws at the local, state, and federal levels that relate to a specific domain or topic?  

(2) What was the current set of active laws relating to a domain or topic at a specific time point?  

(3) What is the case law associated with a particular law, code, or regulation?  (4) What are the 

different jurisdictions affected by a set of laws?  (5) What is the history of a set of laws (i.e. 

repeals, modifications)?   
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Chapter 4. Aim II – Concept Map and Ontology Development 

4.1. Aim II Overview 

Aim II developed a PH law ontology specific to community water fluoridation and emergency 

preparedness.  This was done by collecting a corpus of laws, extracting terms that represented 

possible concepts from the corpus, and then using expert opinion to refine the concepts and 

relations to build a concept map.  This chapter presents the methods and results for Aim II. 

4.2. Aim II Methods 

4.2.1. Collecting Documents for the Law Corpora 

Two domains of PH law were selected for this ontology: community water fluoridation and 

emergency preparedness.  These domains were chosen because of readily available corpora of 

legislative documents from other studies [141, 157].  By leveraging existing data sets, effort and 

resources could be better focused on other study aims.  The legislative data in these corpora were 

collected from three existing sources.  Fluoridation legislation collected for the FLUID project 

(described in section 2.5) was used as the primary data source for the community water 

fluoridation domain.  Emergency preparedness legislation was collected as part of the Legal and 

Ethical Indicators study at the Public Health Adaptive Systems Study (PHASYS) Center at the 

University of Pittsburgh.  This project included a PH emergency preparedness and response law 

database of seven states and a conceptual folksonomy [158].  This law corpus was used as the 

primary data source for the emergency preparedness domain.  Additional terms were collected 

from a set of emergency preparedness glossaries.  These glossaries were identified by subjects 

during the interviews in Aim I as comprehensive and authoritative resources.  
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4.2.2. Natural Language Processing of the Law Corpora 

Prior to natural language processing (NLP) of the corpora, three NLP software suites were 

evaluated for potential use in this study.  These included the LingPipe processing toolkit [159], 

the Stanford NLP Processing suite [160], and the OpenNLP library [161].  No difference in 

performance was found between the software with one exception which resulted in LingPipe 

being chosen because of familiarity to the researcher.  The one exception was the Stanford part-

of-speech tagger which employed an advanced contextual Hidden Markov Model using pre-post 

context tokens that showed better performance than the part-of-speech tagger in LingPipe [162].   

Natural language processing of the fluoridation and emergency preparedness law corpora was 

done in ten discrete steps (Figure 4.1).  Three software programs were used.  LingPipe is a 

toolkit for text processing using computational linguistics that is free for academic use.  The 

Stanford Part-of-Speech (POS) Tagger reads text and assigns parts of speech to each word token.  

The third software program used was AutoMap [163].  Developed at Carnegie Mellon University 

AutoMap can map lists of concepts to documents and create networks out of the mappings. 

 

 

Figure 4.1. Natural language processing workflow to extract a concept list from the law corpora. 
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The two law corpora were pre-processed by removing all formatting and legal identifiers such as 

titles, parts, chapters, sections, and subsections and section citations (e.g. 1 TAC §30.212).  This 

was done using regular expression (Regex) scripts written in the Perl programming language.  

This resulted in the legal text separated into subsections.  The text was then passed through a 

basic spell check and tokenized at the word level and sentential level using LingPipe.  Tokens 

are units of text that are generally words but can also be characters or sentences.  Tokenization of 

text allows software to utilize or modify discrete units of text at levels specified by the user.  

Acronym tokens were then expanded in the emergency preparedness corpus where possible 

using the acronym definition sections of the preparedness glossaries.  The Stanford POS tagger 

was then used to assign parts of speech to each word token.  The corpora were passed back into 

LingPipe to remove stop-words.  These are words that are not semantically useful.  Stop-words 

are common short function words such as ‘the’, ‘is’, ‘at’, ‘which’ and ‘on’.  The MySQL Full-

Text Stop-words list was used [164].  Remaining tokens were then stemmed using LingPipe.  

Stemming is the process of mapping a word to its morphological root form(s) (for example 

pitching  pitch) [165].  This improves token matching in later steps.  A simple stemmer which 

only stripped word suffixes and plurality was used to ensure word meaning was not changed or 

lost. 

At this stage 10% of all laws in both corpora were removed and set aside in a test corpus for the 

evaluation studies in Aim III.  For the emergency preparedness corpus 10% was taken randomly 

from within each jurisdiction to maintain the proportion between the jurisdictions.  For the 

fluoridation corpus 5% was taken randomly from state statutes and 5% was taken randomly from 

local ordinances.   The remaining laws in the training corpora were used for n-gram 



41 

 

 

 

identification in LingPipe.  N-grams are multi-word terms and include both bigrams (two word 

terms) and trigrams (three word terms).  The LingPipe language model detects n-grams by 

calculating the probability of each possible bigram and trigram to determine if it is higher than 

expected.   

Terms and n-grams were then assessed for importance to the corpora using frequency as a proxy 

in two different metrics.  Counts of terms and documents were done in LingPipe, metrics were 

calculated in Excel.   

The first metric was term-frequency – inverse document frequency (tf•idf) (Equation 4.1) [166].  

This metric reflects the importance of a word to documents in a corpus.   It increases 

proportional to the number of times a word appears in a document but is offset by the number of 

documents containing the word in the corpus.  In order to measure the importance of a term to 

the corpus instead of a single document, the equation is modified so that the term frequency is 

calculated as the number of times the term appears in the corpus instead of in a single document.  

For this calculation legal subsections are considered documents because subsections are more 

conceptually focused. 
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Equation 4.1. Tf•idf of term t is calculated as the term frequency in the entire 

corpus T multiplied by the inverse document frequency which 

measures whether the term is common or rare across all 

documents.  The inverse document frequency is calculated by 

dividing the total number of documents by the number of 

documents containing the term t, and then taking the logarithm of 

that quotient. 

The second metric is comparative frequency.  This metric reflects how important a word is to a 

corpus in comparison to second corpus.   It increases proportionally to the number of times a 

word appears in the in the corpus of interest but is offset by the number of times the word 

appears in a general language corpus.  The emergency preparedness or fluoridation corpora 

would be corpus T while corpus X is a collection 19
th
 century English literature that is unlikely 

to contain emergency preparedness or fluoridation terms [167, 168]. 

    
  ( )

  ( )   
 

Equation 4.2. Comparative frequency of term t is calculated as the term 

frequency in corpus T divided by the term frequency in corpus X 

plus β which is a small positive constant to prevent division by 0. 

By using both metrics we can detect important terms in two ways.  Terms have a high tf•idf 

score if they are important to their documents (frequent in them) despite not being frequent in the 

corpus while terms that have a high cf score are important to the corpus (frequent in it) but are 

not frequent in general English literature (i.e. they are domain-specific terms).  Two union sets 

were created: the union of the sets of the 1000 top-scoring terms from each metric and the 

glossaries and folksonomies in the emergency preparedness corpus, and the union of the sets of 

the 250 top-scoring terms from each metric in the fluoridation corpus.   These two union sets 
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represented the final concept list to be reviewed in the Delphi method.  Useful terms such as state 

and city names and units of time were removed from the sets of top 1000 and 250.  The union 

was limited to the top 1000 and 250 of each set because of the estimated length of time needed 

by an expert to review a single concept.  This length of time was determined in the pilot Delphi 

study using three subjects (Section 4.2.6). 

The final step of processing the corpora was to use AutoMap to map laws to corresponding 

concepts, concepts to other concepts, and concepts to potential synonyms.  AutoMap does this by 

matching the original set of four token contexts for each concept to the four token context of 

each word in the corpus (Figure 4.2).  This is superior to simple lexical matching because the 

same word can have different meanings in different contexts.  If a concept context matches a 

word context in a law, the concept and law are mapped together.  If two concept contexts match, 

they are mapped as potential synonyms.  If the frequency of the co-occurrence of two concepts in 

a four token context is higher than we would expect to see by chance, the two concepts are 

mapped together as potentially hierarchically or semantically related. 

    (      )      (      )    (    )      (      )      (      ) 

Figure 4.2. The context of the word wi within a sentence is ± 2 word-POS 

pairs.  This four token context is determined by AutoMap for each 

word in the corpus and matched to the original set of contexts of 

each concept in the final Delphi concept list.  If there is a 

contextual match the concept is mapped to the law. 

4.2.3. Semantic Types and Relations 

A semantic type is a descriptive attribute for a concept that helps applications identify its 

behavior or meaning.  Semantic relationships associate two items and generally express the 

performance or process of one affecting the other.  To determine the set of semantic types and 
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relations that would be used in the ontology, the concept list was manually reviewed by the 

researcher and a PH law domain expert.  Each reviewer began with the set of core semantic types 

and relations in the ESTRELLA ontology.  The core semantic types include place, time, role, 

action, procedure, legal expression, and norm.  The core relationships include is_a, part_of, 

temporally_related_to, and spatially_related_to.  As each reviewer went through the concept list 

they added semantic types and relationships that were missing.  For example the semantic types 

equipment and organization were not present in the ESTRELLA core ontology.  After the review 

was complete, the researcher and PH law domain expert harmonized their lists with the goal of 

maintaining broad semantic coverage (i.e. the majority of concepts and relations would fall into a 

chosen semantic category) while keeping the Delphi survey of a manageable length in 

consideration of time and resource limitations.   

4.2.4. UMLS Comparison 

The objective of this sub-study was to resolve how this PH Law Ontology relates to other health 

terminologies by determining the degree of overlap between the PH Law Ontology and the 

Unified Medical Language System Metathesaurus (UMLS) [169].  The UMLS is a compendium 

of many different controlled vocabularies in the biomedical sciences.  The vocabularies are 

mapped together which allows translation between them.  The Metathesaurus is the central 

component of the UMLS and contains over 1 million concepts and 5 million concept names.  In 

this sense it can be thought of as a comprehensive thesaurus of biomedicine.   

The 2011AB version of UMLS Metathesaurus was extracted to a MySQL database using the 

Metamorphosys installation tool.  The MetaMap tool which allows text to be automatically 

mapped to concepts in the Metathesaurus was used to match the refined concept list to UMLS 
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concepts [170].  If there was a match the UMLS semantic code and source terminology or 

terminologies were recorded.  For the non-matching concepts, each of the concept names was 

used as a free text query against the Metathesaurus using Metamorphosys.  Each query returned a 

set of results composed of all Metathesaurus concepts that potentially matched.  The 

Metathesaurus concept results were manually reviewed to determine presence of a matching 

conceptual definition.   

4.2.5. Subjects for the Delphi Studies 

Thirteen subjects were recruited for the two Delphi studies (Table 4.1).  Three subjects were 

recruited for the first pilot Delphi study. They were selected purposively based on their domain 

expertise and their availability.  Two were PH law researchers from academic institutions in 

Ohio and California; one was a PH practitioner from a local health department in New Jersey.   

Subjects were identified through online research and verbal recommendation from experts.  The 

two researchers possessed specific experience with emergency preparedness law.  The 

practitioner possessed specific experience with water supply law. 

Ten subjects were recruited for the second Delphi study.  Six subjects were PH practitioners 

from local health departments in New York, New Jersey, and California and the state health 

department in Massachusetts.  Four subjects were PH law researchers from academic institutions 

in Washington, Florida, and New York.  They also were identified through online research and 

verbal recommendation from experts, and selected purposively based on their domain expertise 

and their availability.  Three researchers and four practitioners possessed specific experience 

with emergency preparedness law.  Two practitioners possessed specific experience with water 

supply law. 
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Table 4.1. Characteristics of the 13 subjects recruited for Aim II Delphi studies. 

Study Subject 

Academic Degree 
 Domain 

Experience 
PH Law 

Experience 

(Years) PhD JD MD 
 Emerg. 

Prep. 

Water 

Supply 

Delphi 

Study 1 

PH Sanitation      X 5 

Asst. Professor X X   X  6 

Assoc. Professor X    X  8 

Delphi 

Study 2 

Professor X X   X  15 

Asst. Professor 1 X    X  11 

Asst. Professor 2 X      11 

Assoc. Professor X    X  6 

PH Nurse     X  16 

PH Sanitation      X 10 

Gen. Counsel  X   X X 17 

PH Educator     X  5 

Dep. Commissioner     X  12 

PH Tech       4 

 

4.2.6. Delphi Studies 

Study Design The Delphi method is an expert survey in two or more ‘rounds’ steered by a 

facilitator in which the subjects are kept separate to prevent between-subject influence, and the 

results of previous rounds are given as feedback during the second and later rounds of the survey 

[171].  This feedback includes statistics describing the group judgments calculated from the 

previous responses, as well as the arguments and counter-arguments of the extreme answers.  

Two Delphi studies were conducted, each with two rounds.  The first study is a pilot Delphi 

which assessed the average length of time needed by subjects to answer all questions for a single 

concept.  Feedback on the design of the survey was also obtained during the pilot Delphi.  The 

second main Delphi study included the majority of the subjects and covered the majority of the 

concepts.   
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The subjects were initially contacted via email.  A follow-up phone call was done to introduce 

them to the study, demonstrate the survey instrument and answer any questions.  The survey was 

administered electronically.  Each study lasted one month.  For the first round each subject was 

given two weeks in which to commit at least 3 hours to complete the first round of survey 

questions.  The third week was used by the researcher to analyze the round 1 data, and create the 

round 2 survey.  During the final week subjects were asked to commit at least 1 hour for the 

second round survey.  An additional follow-up phone call was placed for the first pilot Delphi 

study to obtain feedback on survey instrument design.  Each concept was assigned to at least four 

subjects giving four-fold coverage.  Concepts derived from the emergency preparedness domain 

were assigned randomly.  Concepts derived from the fluoridation domain were preferentially 

assigned to those indicating experience with water supply law.   

Survey Instrument Design The survey instrument was designed to assess 7 features of each 

concept: suitability for a PH law ontology that describes emergency preparedness and water 

fluoridation law, practical usefulness of the concept to a practitioner or researcher, the definition 

of the concept, the semantic type of the concept, the synonyms of the concept, and the relations 

between the concept and other concepts and laws.  The survey contains 8 questions, 4 of which 

have between 2 and 10 additional sub-questions depending on the number of potential 

relationships for that concept (Table 4.2).   
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Table 4.2. The eight Delphi survey questions and their question types. 

Question Question Type 

1 The concept is appropriate for a PH law ontology. 5 point Likert agreement 

2 
You have used the concept when performing your 

professional duties. 
5 point Likert agreement 

3a The definition of this concept is accurate. Yes/No 

optional text box 3b If not please suggest improvements (optional). 

4 
Select the most appropriate semantic type for the given 

concept. 
Drop down selection 

5a The concept is related to this section of law. Yes/No 

optional drop down 

selection 5b If yes please select the most appropriate relationship type. 

6a-6e This conceptual relationship is accurate. Yes/No 

7a-7e These two terms have the same meaning Yes/No 

8 Please suggest any synonyms for this concept (optional). Optional text box 

 

The Delphi survey was constructed online using the survey function in Google Docs (Figure 4.3) 

[172].  A screenshot showing all 8 questions can be seen in Appendix C.  Google Docs was 

chosen because question text could be automatically generated from a database of concepts and 

relationships.  The survey consisted of an introduction explaining the purpose and details of the 

study, a single page with 8 questions for each individual concept, and a final open-ended 

feedback page.   
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Figure 4.3. A screenshot of the Delphi survey. To see a screenshot of the entire 

set of questions that were asked for each concept see Appendix C. 

Question 1 Assesses concept suitability by asking subjects if they would expect to find each 

concept in a PH law ontology in the domains of emergency preparedness and water fluoridation.  

Responses are given on a likert-scale (Strongly disagree, Disagree, Neither agree or disagree, 

Agree, Strongly agree) and are recorded as numerical values.   

Question 2 Assesses the usefulness of the concept to researchers and practitioners by asking 

them if they have ‘used’ (i.e. learned about, interacted with, presented on, researched, or written 

about) the concept in their professional duties.  Responses are given on the same likert-scale.   

Question 3 Assesses the accuracy of the concept definition.  All concept definitions were 

collected from three sources in descending priority: the glossaries or legal corpora, UMLS, and 

an electronic dictionary [173].  Question 3a presents the definition and asks if it is accurate.  

Responses are given as a binary yes/no.  If the response is no, question 3b asks the subjects to 

suggest improvements to the definition (text box).   
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Question 4 Asks the subject to determine the most appropriate semantic type for the concept.  

The nine semantic types and ‘none of the above’ are presented as options.  Question 4 contains 

an info-button that displays the definitions of the semantic types.   

Question 5 Asks the subject to determine the accuracy and semantic type of a concept-law 

relationship.  Question 5a asks if the presented concept-law relation is accurate.  The sentential 

context of the concept as it is written in the law is shown.  Responses are given as yes/no.  If the 

response is yes, question 5b asks the subject to choose one of six semantic relationship types 

(hierarchical relationships are N/A) or ‘none of the above’.  Question 5b contains an info-button 

that displays the definitions of the semantic relationships.   

Question 6 Assesses the accuracy of concept-concept relationships.  Depending on the number of 

relationships associated with the particular concept, between one and five questions were asked 

(6a-6e).  The semantic relationships between concepts were determined through manual review 

by the researcher and a PH law domain expert prior to the Delphi studies.  Subjects were 

presented with these pre-determined relationships and asked if they were accurate responding 

with a yes/no.   

Question 7 Assesses the presence of synonymic relations between terms (i.e. they have the same 

meaning).  Responses are given as yes/no.   

Question 8 Asks subjects to respond with any additional synonyms of the concept.  Responses 

are given as free text. 
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Second Round The results of the first Delphi round in each Delphi study were analyzed with 

simple counts and descriptive statistics.  A second round survey was generated based on the 

results.   

Question 1 The answers for questions 1 were numerically coded (1 = Strongly Disagree, 5 = 

Strongly Agree).  Concepts with mean agreement scores on question 1 above 3.75 were 

considered suitable for the ontology.  Concepts with mean agreement scores below 2.5 were 

discarded.  Concepts with mean agreement scores between 2.5 and 3.75 were kept in the survey 

for re-evaluation in the second round.  The mean score from the first round and the individual 

answers from each subject were shown to the right of the question during the second round.  

After the second round was completed only those concepts with mean agreement scores above 

3.75 were considered suitable for the ontology.  Concepts with mean agreement scores below 

3.75 were discarded.   

Question 2 Question 2 was not considered for the second round. 

Question 3 Concept definitions with a majority of ‘Yes’ answers were considered accurate for 

the ontology.  Concept definitions with a tie or a majority of ‘No’ answers were adjusted using 

the suggestions from question 3b and kept in the survey for re-evaluation in the second round.  

Definition suggestions from each subject were shown to the right of the question during the 

second round.  After the second round was completed any concept definitions that continued to 

have a tie or majority ‘No’ answers were adjusted using suggestions from question 3b.  

Question 4 Semantic types with agreement from 3 or 4 subjects were considered accurate for that 

concept.  Concepts where less than 3 subjects were in agreement on a single semantic type were 
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kept in the survey for re-evaluation in the second round.  The semantic types chosen by each 

subject were shown to the right of the question during the second round.  If after the second 

round less than 3 subjects agreed on a single semantic type, a final decision was made by a 

domain expert. 

Question 5 If the majority of subjects responded ‘No’ to question 5a or there was a tie the 

relationship was discarded.  Those concept-law relationships with a majority of ‘Yes’ answers to 

5a and agreement of 3 or more subjects on question 5b were considered accurate for the 

ontology.  Those relationships with a majority of ‘Yes’ answers to 5a and less than 3 subjects in 

agreement on 5b were kept in the survey for re-evaluation in the second round.  During the 

second round question 5a was removed leaving only 5b.  The semantic relations chosen by each 

subject were shown to the right of the question during the second round.  If after the second 

round less than 3 subjects agreed on a single semantic relation, a final decision was made by a 

domain expert. 

Question 6 Concept-concept relationships with a majority ‘Yes’ were considered accurate for the 

ontology.  Relationships with a majority ‘No’ were discarded.  Relationships with a tie were kept 

in the survey for re-evaluation in the second round.  During the second round the format of 

question 6 was changed from a Yes/No to a drop-down list of the nine semantic relationship 

types and ‘none of the above’ (similar to question 5b).  If after the second round less than 3 

subjects agreed on a single semantic relation or on there being no semantic relation, a final 

decision was made by a domain expert. 
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Question 7 If the majority of subjects responded ‘No’ or there was a tie the synonymic 

relationship was discarded.  Those synonymic relationships with a majority of ‘Yes’ answers 

were considered accurate for the ontology.   

Question 8 Synonyms that were suggested in question were kept in the survey for re-evaluation 

in the second round.  A question format identical to question 7 in the first round was used.  If 

after the second round the majority of subjects responded ‘No’ or there was a tie the synonym 

was discarded.  Those synonyms with a majority of ‘Yes’ answers were considered accurate for 

the ontology. 

An open-ended general feedback question was added to the end of the second round survey. 

4.3. Aim II Results 

4.3.1. Collecting Documents for the Law Corpora 

3,718 laws were collected from the PHASYS Legal and Ethical Indicators Emergency 

Preparedness law database.  These laws comprise 6,538 pages of text, 29,311 subsections, and 

approximately 2.6 million words of which 26,217 were unique.  Seventy-five laws were 

collected from the FLUID database.  These laws comprise 194 pages of text, 243 subsections, 

and approximately 65,000 words of which 4,454 were unique. Five emergency preparedness 

glossaries and a folksonomy were collected to supplement the terms including the Institute for 

Crisis, Disaster, and Risk Management Emergency Management glossary [174], the US 

Department of Energy Office of Emergency Management Glossary of Emergency Management 

Terms [175], the Center for Medicaid Services Emergency Preparedness Glossary [176], the 

Washington State Department of Health Glossary of Bioterrorism and PH Emergencies [177], 
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and the PHASYS Legal and Ethical Indicators database folksonomy [158] (Table 4.3).  A 

folksonomy is a system of classification derived from collaboratively creating and managing tags 

[4].  The glossaries and folksonomy collectively comprise 502 terms and 368 acronym 

definitions. 

Table 4.3. Data sources used for term extraction. 

Data Source Term Count Legislation Count 

FLUID fluoridation corpus 64,746 75 

PHASYS emergency preparedness corpus 2,615,192 3,718 

PHASYS emergency preparedness folksonomy 28 N/A 

ICDRM Emergency Management Glossary 168 N/A 

US DOE OEM Glossary of Emerg. Manag. Terms 134 N/A 

CMS Emerg. Prep. Glossary 96 N/A 

Washington State DOH Glossary of Bioterrorism 

and PH Emergencies 
76 N/A 

Total 2,680,761 3,793 

 

4.3.2. Natural Language Processing of the Law Corpora 

After text pre-processing and stop-word removal 1,103,204 words (42%) were removed from the 

emergency preparedness corpus and 30,151 words (47%) were removed from the fluoridation 

corpus.  2,310 acronyms were expanded.  8,691 bigrams and 401 trigrams were detected in the 

emergency preparedness corpus. 444 bigrams and 34 trigrams were detected in the fluoridation 

corpus.  N-gram detection resulted in 9,135 bigrams and 435 trigrams in total.  Examples of 

bigrams include ‘natural disaster’, ‘crop failure’, ‘water treatment’, ‘fluoride dosing’, ‘exit door’, 

‘water supply’, and ‘solid waste’.  Examples of trigrams include ‘emergency response training’, 
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‘fluoride dosing facility’, ‘water treatment facility’, and ‘intensive care unit’.  An example of 

processed law text is shown in Figure 4.4. 

 

 

Figure 4.4. NLP processing results using a law concerning pest control as an 

example.  POS tags are shown after each word (i.e. NN for noun).  

Strikethrough indicates stop-word removal or text pre-processing.  Red 

text indicates stemming.  Yellow highlighting indicates n-gram detection. 

The union of the of the top 1000 frequency scoring sets, glossaries, and folksonomy of the 

emergency preparedness corpus resulted in 1482 concepts.  The union of the top 250 frequency 

scoring sets resulted in 211 concepts.  The final Delphi concept list was comprised of 1693 

concepts.  3824 relationships between concepts and laws were detected (Table 4.4).   

Table 4.4. Relationships between concepts and laws 

Data Source Relationship Count 

Concept-Concept relationship 1032 

Concept-Law relationship 2561 

Synonymic relationship 231 
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4.3.3. Semantic Types and Relations 

Nine semantic types were selected for assessment during the Delphi studies (Table 4.5). Two 

semantic types were adapted from existing UMLS semantic types.  The name and definition of 

these UMLS semantic types were changed to better suit the domain of this ontology.  Four 

semantic types were copied from the ESTRELLA core ontology, and two were copied from the 

UMLS. 

Table 4.5. Semantic types found in the PH Law Ontology. 

PH Law Ont. 

Semantic 

Type 

Semantic Type Definition Semantic Type Source 

Documentation Source or dissemination of information Present in ESTRELLA 

Equipment 
Object needed to perform procedure or 
activity 

Adapted from UMLS semantic type 
“Medical Device” 

Event 
Thing that happens at a specific place or 

time 

Adapted from UMLS semantic type 

“Phenomenon” 

Organization A group of persons organized for a purpose Copied from UMLS 
Place A bounded physical location Present in ESTRELLA 

Procedure A stepwise set of actions Present in ESTRELLA 

Role A function or position of an individual Present in ESTRELLA 

Substance Material with particular features Copied from UMLS 
Organism A living thing Copied from UMLS 

 

Seven semantic relationships were used when assigning concept-concept and concept-law 

relationships in the Delphi survey (Table 4.6).  These were selected by the researcher with the 

help of a PH law domain expert because of their broad coverage of relationships in the domain. 

Four relationships are present in the ESTRELLA core ontology.  Three were adapted from the 

UMLS.  The names and definitions were kept.  The semantic relationship “describes” was 

created by the researcher because a semantically equivalent relationship did not exist in the 

UMLS or ESTRELLA.  Two relationships (is_a and part_of) are hierarchical.  Three 

relationships (spatially_related_to , temporally_related_to , functionally_related_to) broadly 
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represent relationships in space, time, and function.  The final three relationships are related to 

function but more specific.  For example a CEO is functionally_related_to a company, but more 

specifically a CEO manages a company. 

Table 4.6. Semantic relationships found in the PH Law Ontology. 

PH Law Ont. 

Semantic 

Relationship 

Semantic Relationship Definition Semantic Relationship Source 

is_a 
The basic hierarchical link in the 
ontology 

Present in ESTRELLA 

part_of 
Composes, with one or more other 

units, some larger whole 
Present in ESTRELLA 

functionally_related_to 
Related by the carrying out of some 
function or activity 

Copied from UMLS 

temporally_related_to 
Related in time by preceding, co-

occuring with, or following 
Present in ESTRELLA 

spatially_related_to Applies to place or region Present in ESTRELLA 

manages Administers or oversees a thing Copied from UMLS 

affects Produces a direct effect on Copied from UMLS 

describes Defines or relates information about Created for this ontology 

 

Concept-concept relationships were manually reviewed by the researcher and a PH law domain 

expert to determine the semantic relationship type prior to both Delphi studies. 

4.3.4. UMLS Comparison 

One thousand and sixty-three (61%) of the PH law concepts had matching concepts in the 

UMLS.  The overlap was also analyzed according to the 9 semantic types found in the PH Law 

Ontology (Table 4.7).  Well represented are the documentation, procedure, substance, and 

organism semantic types (>70%) while the event and organization types are less well represented 

(<50%).   Documentation and place semantic types were sourced from only 4 out of 28 total 

terminologies: the Alcohol and Other Drug Thesaurus, the National Cancer Institute Thesaurus, 

HL7, and Medical Subject Headings.  The other 7 semantic types were sourced from 23 of the 
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terminologies including SNOMED-CT, MeSH, MedlinePlus, LOINC, and ICD9-CM with no 

clear pattern.  

Table 4.7. UMLS overlap percentage for each of the nine semantic types in the PH Law 

Ontology. 

PH Law Ont. 

Semantic Type 

% Overlap in 

UMLS 
Example concepts not found in UMLS 

Documentation 71% Evacuation plan, insurance documents 

Equipment 55% Emergency broadcast system 

Event 42% Nuclear/radiological incident 

Organization 38% School board, sports team 

Place 57% School zone, residential property 

Procedure 72% Evacuation, population recovery 

Role 59% Mayor, Fire commissioner 

Substance 75% Radioactive material 

Organism 100% N/A 

 

4.3.5. Delphi Studies 

The response rate of the pilot 3 subject Delphi study was 100%.  Subjects required on average 1 

minute to complete the eight questions for each concept.  During the pilot Delphi three updates 

to the survey were suggested by the subjects.  The first suggestion was to add the optional text 

box to question 3 to enable suggestions correcting the current concept definition.  The second 

suggestion was to add question 8 which allows subjects to suggest other possible synonyms.  The 

second suggestion was to clarify wording on question 2 to emphasize the subjects own work and 

define the term ‘work’. 

The response rate of the second ten subject Delphi study was 100%.  The Delphi studies resulted 

in 116 discarded concepts, 801 discarded relations, and 44 additional synonyms.  This resulted in 

a final count of 1484 concepts, 3022 relations, and 730 synonyms.  Of the 1484 concepts, 645 
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were unigrams, 631 were bigrams, and 208 were trigrams.  1301 (88%) concepts originated from 

emergency preparedness laws, 130 (9%) from fluoridation laws, and 53 (3%) concepts were 

found in both corpora.  The concept counts within different semantic types are shown in Table 

4.8. 

Table 4.8. Counts of semantic types and domain 

specific concepts in the final concept map. 

Concept Group Count 

Documentation 119 

Equipment 223 

Event 312 

Organization 193 

Place 134 

Procedure 178 

Role 148 

Substance 67 

Organism 30 

 

The mean suitability score for all concepts was above 4 (agree that the concept is appropriate) 

indicating high overall concept suitability.  The suitability scores and inter-rater reliabilities for 

the different semantic and domain types are shown in Table 4.9.  Inter-rater reliability (IRR) 

indicates the degree of agreement among raters.  The Fleiss’ kappa statistic was used which can 

calculate IRR for any number of readers (Equation 4.3).  Inter-rater reliabilities below 0.2 can be 

interpreted as slight agreement, 0.20 – 0.59 as fair to moderate agreement, and 0.60 – 1.00 as 

substantial agreement. 
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Equation 4.3. Fleiss' Kappa for calculating inter-rater reliability.  The 

factor in the denominator gives the degree of agreement 

that is attainable above chance while the factor in the 

numerator gives the degree of agreement actually achieved 

above chance. 

Suitability for the ontology was lowest for the semantic type organism and highest for 

equipment.  There were low inter-rater reliabilities and relatively low suitability scores for 

documentation, procedure, and place semantic types indicating dichotomy between subjects who 

felt they were suitable and those who did not.   

Table 4.9. Mean suitability and inter-rater reliability scores of question 1 that assesses concept 

suitability for the ontology. 

Concept 

Group 

All Subjects Water Supply Expertise Emerg. Prep. Expertise 

Mean 

Suitability 

Mean 

IRR 

Mean 

Suitability 

Mean 

IRR 

Mean 

Suitability 

Mean 

IRR 

Concepts from 
Fluoridation 

corpus 

4.88 0.52 4.96 0.59 4.86 0.50 

Concepts from 
Emerg. Prep. 

corpus 

4.66 0.62 4.54 0.58 4.69 0.66 

Documentation 4.23 0.46 4.18 0.47 4.25 0.46 

Equipment 4.80 0.88 4.80 0.80 4.80 0.89 

Event 4.74 0.85 4.73 0.84 4.75 0.85 

Organization 4.67 0.69 4.63 0.65 4.68 0.72 

Place 4.62 0.45 4.61 0.44 4.62 0.45 

Procedure 4.20 0.32 4.24 0.30 4.19 0.33 

Role 4.65 0.69 4.64 0.70 4.66 0.69 

Substance 4.78 0.81 4.77 0.81 4.79 0.81 

Organism 4.11 0.90 4.09 0.89 4.12 0.90 
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Examples of contentious concepts with low inter-rater reliability include ‘psychiatric facility’, 

‘cigarette’, and ‘Vinyl chloride’.  Examples of concepts rejected by the subjects include ‘gaming 

facility’ and parts of the body such as ‘chin’ and ‘arm’.  Examples of detected synonyms are 

‘catastrophe – disaster’, ‘hazardous fume – hazardous vapor’, and ‘pupil – student’.  An example 

of a rejected synonym is ‘injury – serious injury’.  The definition of ‘serious injury’ can be 

specific in different laws concerning reporting, liability, and compensation as opposed to general 

injury. Approximately 5.5% of concepts did not fall into one of the nine semantic types.  

Examples of this include ‘food’ and related concepts, and the concept of ‘population’.  Delphi 

subjects categorized food terms as ‘equipment’, ‘substance’, and ‘none’ during the first round.  

The consensus of the second round was that no appropriate semantic type existed in the 

ontology.  Usefulness scores averaged lower than suitability scores indicating subjects did not 

feel that all concepts appropriate for the ontology would be useful in their work.  Domain 

specific concepts did show a pattern of higher usefulness for those subjects with domain-specific 

experience. 
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Table 4.10. Mean usefulness and inter-rater reliability scores of question 2 which assesses the 

usefulness of the concept to researchers and practitioners. 

Concept 

Group 

All Subjects Water Supply Expertise Emerg. Prep. Expertise 

Mean 

Usefulness 

Mean 

IRR 

Mean 

Usefulness 

Mean 

IRR 

Mean 

Usefulness 

Mean 

IRR 

Concepts from 

Fluoridation 

corpus 

4.20 0.30 4.62 0.58 3.86 0.24 

Concepts from 

Emerg. Prep. 

corpus 

4.35 0.55 4.30 0.46 4.38 0.56 

Documentation 4.51 0.28 4.46 0.32 4.53 0.26 

Equipment 4.26 0.63 4.24 0.64 4.27 0.63 

Event 4.74 0.38 4.75 0.30 4.74 0.45 

Organization 4.40 0.40 4.40 0.40 4.40 0.40 

Place 4.78 0.61 4.77 0.60 4.78 0.61 

Procedure 4.26 0.63 4.27 0.60 4.26 0.64 

Role 4.31 0.54 4.31 0.50 4.31 0.57 

Substance 3.56 0.51 3.60 0.45 3.52 0.55 

Organism 3.77 0.91 3.77 0.95 3.76 0.90 

 

The counts of the semantic relation types of the 3022 relations are shown in Table 4.11.  Because 

there were more concept-law relationships than concepts, only 50% of the concept-law relations 

were able to be reviewed with four-fold coverage in the Delphi study.  The remaining 50% were 

reviewed by at least two subjects.  164 of the concept-concept relations were discarded during 

the Delphi study.  An example is the relation ‘local fire department manages fire drills’.  This 

was discarded because although it may be true for some of the laws in this corpus, it cannot be 

said that this relationship is universally true for all states and jurisdictions.  This relationship 

would have to be instantiated just for the particular jurisdiction to which it applies.   
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Table 4.11. Counts of semantic relation types for both concept-concept 

and concept-law relations. 

Semantic Relation Concept-Concept Concept-Law 

is_a 323 N/A 

part_of 95 5243 

functionally_related_to 225 1400 

temporally_related_to 16 142 

spatially_related_to 26 219 

manages 41 0 

affects 119 0 

describes 23 236 

 

4.3.6. Ontology Development 

The PH Law Ontology was constructed using the final concept map in Protégé-frames version 

3.5 [178].  Protégé is software developed at Stanford University for modeling ontologies.  

Protégé-frames was chosen because of readily available tools to create a search engine interface 

for evaluation in Aim III.  In a frame-based ontology, the ontology is created in a frame which is 

a domain of discourse (emergency preparedness and fluoridation PH law).  Concepts are 

represented by classes, which can be thought of as a template for a concept and contains the 

basic details such as the semantic type of the concept.  Relationships between classes are defined 

by slots where information about the class is stored.  Instances represent individual entities of 

classes (in this case laws).  A subsection of the class hierarchy in the PH Law Ontology is shown 

in Figure 4.5.   
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Figure 4.5. A subset of the Protégé class hierarchy of the PH Law Ontology. 

The ESTRELLA core ontology was used as an upper ontology which is an ontology that 

describes general concepts.  This upper level ontology already contained basic classes such as 

place, time, and role.  It also contained classes that represent instances of law.  The concept map 

was then added to the upper level of the ontology in discrete steps.  Additional semantic types 

and classes were added into the ontology representing the concepts in the concept map.  

Semantic and hierarchical relationships between the classes were created using slots.  Instances 

of laws were added.    Laws instances were given attributes including hierarchical identifiers 

such as Title, Chapter, and Section and jurisdictions such as state.  The final ontology contained 

1532 classes (representing the concepts from the concept map and additional classes to represent 
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the law instances) and 7240 semantic and hierarchical relationships. Law instances were related 

to on average 23 concepts with a range of 6 to 112.  A sample of the concept map showing three 

laws, their hierarchical identifiers, and how they are related to a subset of roles, places, 

equipment, procedures, documentation, organizations, and events is show in Figure 4.6. 

 

Figure 4.6. A subsection of the PH Law Ontology concept map showing a set of 3 laws, other 

PH and legal concepts, and the relationships between them.  Relationship labels were omitted for 

clarity.
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Chapter 5. Aim III – Evaluation 

5.1. Aim III Overview 

Aim III was to evaluate the ontology for domain fit and demonstrate practical use.  Metrics for 

ontology evaluation can be divided into four broad categories: measures of an ontology's (1) 

internal consistency [156, 179], (2) usability (or task-based performance) [180, 181], (3) 

comparison with other ontologies [182, 183] and (4) match to reality [184].   Two methods were 

used to complete Aim III: a comparison of the information retrieval accuracy and speed of the 

ontology which assessed task-based performance and a comparison of this ontology with 

ontologies in other domains using breadth and depth as metrics. This chapter presents the 

methods and results for Aim III. 

5.2. Aim III Methods 

5.2.1. Task-based Performance Evaluation 

Subjects A convenience sample of four subjects was recruited from a Department of Health 

Policy and Management (HPM) at a school of public health at a large university.  Subjects were 

recruited based on two criteria: (1) previous experience searching for PH legislation in 

commercial or scholarly databases, and (2) previous experience using Medical Subject Headings 

in the biomedical literature database PubMed to conduct literature searches. Two subjects were 

Assistant Professors and two subjects were MPH students in the HPM Department. 

Scenario Development Ten information retrieval scenarios were created based on the anecdotal 

examples described by subjects in Aim I.  The scenarios were divided into two groups of five.  

The first set of scenarios was timed to determine how quickly a set of laws could be retrieved.  
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For example “Obtain the law outlining emergency response for a radiological incident in the 

states of Wisconsin, California, and Texas.”  Each of the five timed scenarios requested retrieval 

of three specific laws.  The second set of five scenarios asked the subjects to retrieve the 

complete set of laws pertaining to a specific topic.  For example “Obtain all laws relating to 

waste disposal.”  The actual number of laws related to the topic was not given to the subject.  For 

these scenarios a “gold standard” set of laws was created with the help of a PH law domain 

expert.   

Procedures Subjects were given ten information retrieval scenarios.  These scenarios can be 

found in Appendix D.  For each set of scenarios the subjects were asked to conduct each search 

using both the PHASYS Legal and Ethical Indicators law database, and a web search page that 

implemented the PH Law Ontology as a database (Figure 5.1).   The PH Law Ontology web 

search page was designed to look and behave identically to the PHASYS database, with the 

exception of the PHASYS folksonomy being replaced with the concept classes of the ontology.  

The concept class hierarchy allowed for term explosion functionality meaning limiting by a 

superclass concept would include all subclass concepts.  The results of each scenario were 

recorded into an answer sheet by each subject and timing was done using a stopwatch. 
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Figure 5.1. Screenshots of the PHASYS database (left) and PH Law Ontology 

(right) interfaces.  They include free-text search and the ability to limit 

results by state and/or concepts from the PHASYS folksonomy or PH 

Law Ontology respectively [158]. 

Data Analysis The amount of time required to retrieve the set of laws in the timed scenarios was 

compared between the PHASYS database and the PH law ontology search.  For the second set of 

scenarios, a “gold-standard” set of laws that represented the complete set of laws related to each 

scenario were created by the researcher with the help of a PH law domain expert.  The results 

from each scenario using each search interface were compared to the “gold-standard” to obtain 

the precision, recall, and f-measure (Equations 5.1, 5.2, and 5.3).   

 

Equation 5.1. Precision is the fraction of retrieved documents relevant to the search. 

 



69 

 

 

 

 

 

Equation 5.2. Recall is the fraction of documents that are relevant to the 

search that are successfully retrieved. 

 

 

 

Equation 5.3. The F-measure is the harmonic mean of the precision and recall. 

 

5.2.2. Breadth and Depth Evaluation 

A quantitative technique was used to assess the “fit” of this ontology to its domain.  This 

technique was developed by Lixia Yao in the Department of Biomedical Informatics at 

Columbia University [185].  This method builds on classic measures from information retrieval 

and presents two metrics: breadth and depth that capture the conceptual coverage and parsimony 

of an ontology.  This moves beyond the tradition of comparing ontologies by size and relying on 

expert opinion. 

Data sources Three corpora were used: the Reuters news corpus [186] which covers all Reuters 

news stories from 8/20/1996 to 8/19/1997.  This represents 810,000 news stories and 208 million 

words [187].  The second corpus represents 10% of the laws (test corpus) used to construct this 

ontology.  It is composed of 380 laws representing 505 pages and 55,000 words.  The third 

corpus is the complete text of H.R. 3590 – The Patient Protection and Affordable Care Act 

(ACA) [188].  This piece of legislation represents 906 pages and 117,000 words.  
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Two ontologies were used.  The first was this ontology representing 1,484 concepts and 3,022 

relationships.  The second was the English language thesaurus WordNet [189].  This thesaurus is 

treated as ontology by using the headwords (word entries) as concepts and the synonym pairs as 

relations.  WordNet is composed of 115,201 headwords and 306,472 relations (synonym pairs). 

Procedures In all three corpora each word was stemmed to its canonical form (e.g., translating 

nouns from plural to singular and verbs to present tense) using Lingpipe software [159].  

Concept-concept relation pair probabilities were calculated for each corpora using equation 5.4.   

 

Equation 5.4. Calculates the probability of concept-concept relations. A 

relationship between concept i and concept j. nij is the number 

of times concept i co-occurs with concept j in the same section 

of law, pij is the probability concept i is associated with concept 

j, nij is the number of times concept i co-occurs with concept j 

in the same section of law, and Mi is the set of all other 

concepts in the corpus [185]. 

 

The breadth of each ontology when compared to each of the three corpora was then calculated 

using equation 5.5.  The breadth is the theoretical coverage of the ontology within the domain.  It 

is a generalization of information retrieval recall which substitutes the true positives and false 

negatives with actual weights that correspond to the frequency of the concepts and the 

probability of relations in the corpus. Breadth answers the question “How many of the total set of 

all concepts in a particular domain does my ontology cover?” 
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Equation 5.5. The breadth of ontology X compared to corpora T. The 

number of true positive concepts and relations, divided by the 

number of true positive and false negative concepts and 

relations [185]. 

 

The depth of each ontology was then calculated using the breadth calulation (equation 5.6). 

Depth is the theoretical parsimony of an ontology or the average probability mass in a corpus for 

each concept relation.  A parsimonious ontology is less broad but contains the most frequent or 

important concepts and relationships.  Depth answers the question “How many of the most 

frequent or important concepts in a particular domain does my ontology cover?” 

 

Equation 5.6. The depth of ontology X compared to corpora T.  The 

breadth divided by the number of relations in the ontology 

[185]. 

 

5.3. Aim III Results 

5.3.1. Task-based Performance Evaluation 

The results for each set of scenarios using both the PHASYS and ontology search were recorded 

onto an answer sheet by the subject and verified by the researcher.  For the 4 subjects over the 

five timed scenarios the ontology concept-based search interface was faster by on average 84 

seconds (Table 5.1).   
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Table 5.1. Mean time taken to complete five information retrieval scenarios by 4 subjects using 

the PHASYS search and Ontology based search. 

Scenario PHASYS Search Ontology Search 
Ontology Search  

% Difference 

Scenario 1 523 s 560 s + 7% 

Scenario 2 480 s 324 s - 33% 

Scenario 3 452 s 342 s - 24% 

Scenario 4 275 s 281 s + 2% 

Scenario 5 448 s 251 s - 44% 

Average 436 s 352 s - 19% 

 

The recall and precision scenarios show that on average the ontology search had higher precision 

and equivalent recall resulting in a higher F-measure.  This indicates that both methods 

performed well at retrieving all of the relevant documents for a query that exist in the collection, 

however the PHASYS search tended to retrieve more irrelevant documents as well. 

Table 5.2. Recall, precision, and F-measure of 5 information retrieval scenarios by 4 subjects 

using the PHASYS search and Ontology based search. 

Scenario 
Precision Recall F-measure 

PHASYS Ontology PHASYS Ontology PHASYS Ontology 

Scenario 6 0.17 0.33 1.00 1.00 0.29 0.50 

Scenario 7 0.75 1.00 0.50 0.83 0.60 0.91 

Scenario 8 0.42 1.00 1.00 1.00 0.59 1.00 

Scenario 9 0.85 1.00 1.00 0.88 0.92 0.93 

Scenario 10 0.60 1.00 1.00 1.00 0.75 1.00 

Average 0.56 0.87 0.90 0.94 0.63 0.87 

 

5.3.2. Breadth and Depth Evaluation 

The breadth and depth scores for the PH Law Ontology and the WordNet electronic thesaurus in 

comparison to each of the three corpora are shown in table 5.3.  The WordNet thesaurus had 
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higher breadth and depth scores on all three corpora.  WordNet had the broadest conceptual 

coverage of the Affordable Care Act, and covered the greatest number of important concepts in 

the medicine corpus.  The PH law ontology had the broadest conceptual coverage and greatest 

coverage of important concepts in the PH law test set.  There was little difference between 

breadth and depth scores across different corpus domains for WordNet (8% and 5% 

respectively).  The PH Law Ontology exhibited large differences in breadth and depth scores 

between corpus domains.  There was a 1000% difference in breadth scores and a 10,000% 

difference in depth scores between the PH Law and News corpora for the PH Law Ontology.   

Table 5.3. The breadth and depth of the PH Law Ontology and the WordNet English language 

thesaurus as applied to three text corpora: The PH law test set, the Affordable Care Act, and the 

Reuters news corpus. All scores are multiplied by 10
5
 to enhance readability. The Medicine 

corpus and associated results using the thesaurus are from [185]. 

Corpora 
PH Law Ontology WordNet Thesaurus 

Breadth Depth
 

Breadth Depth
 

PH Law 69.80 0.0854 25240 8.27 

ACA 0.256 0.0000425
 

26380 8.23 

News 0.0523 0.00000582
 

24140 8.15 

Medicine N/A N/A 25200 8.59 

 

For comparison results of the breadth and depth of four medical ontologies from the originating 

study of this method are shown in Table 5.4.  These include ICD, SNOMED-CT, MeSH, and the 

Canonical Clinical Problem Statement System (CCPSS) which is a knowledge base that 

represents and codes patients’ clinical problems.  Although not directly comparable because they 

were evaluated against different domains, when examined against their respective domains of 

interest (PH Law for the PH Law Ontology, News for the WordNet thesaurus, and Medicine for 
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the medical ontologies), it is evident that WordNet possess the broadest and deepest conceptual 

coverage, followed by the medical ontologies, and finally the PH Law Ontology. 

Table 5.4. The breadth and depth of four medical ontologies as applied to a set of clinical journal 

article abstracts from the PubMed database. All scores are multiplied by 10
5
 to enhance 

readability.  Analysis and results from [185]. 

Measure ICD9-CM CCPSS
 

SNOMED-CT MeSH
 

Breadth 1416 2259 3227 2655 

Depth 0.235 0.645 0.105 1.02 
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Chapter 6. Discussion 

In this study we developed an ontology to manage knowledge in two specific domains of PH 

law: emergency preparedness and community water fluoridation.  To do this we identified the 

current workflows, information sources, and barriers that researchers and practitioners face when 

attempting to use knowledge and information about PH law.  We extracted terms from 

emergency preparedness and water fluoridation laws using natural language processing and 

developed a concept map from the terms using the Delphi method and domain experts.  The 

ontology was then implemented using the concept map and Protégé.  Finally the ontology was 

evaluated using information retrieval scenarios and comparison of breadth and depth to 

ontologies in other domains. 

6.1. The Importance of Knowledge Management in the Private and Public Sectors 

Knowledge Management as a scientific field is rooted in many disciplines including business, 

economics, education, information management, psychology, and sociology. These areas have 

developed differing perspectives on the workings of individual and systemic knowledge. 

Knowledge management embraces these perspectives, but operates from the basic premise that 

people acquire knowledge from established organizational processes and routines, the entirety of 

which is usually impossible for any one person to know.  However, routines evolve as people 

interact with them in response to changes in the environment, the particular institution, and the 

composition of the staff that carry out the routines. This distinction provides the impetus for KM 

to focus on enhancing an organization’s creation, acquisition, structuring, formalization, 

retrieval, maintenance, and application of knowledge, also called the knowledge life cycle [190].  
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These activities are encompassed in Newman’s general knowledge model as explained in section 

1.5.1. 

6.1.1. Knowledge Management in the Private Sector 

Knowledge management is used in both the public and private sectors.  The concept of coding, 

storing, and transmitting knowledge in corporations is not new – training and employee 

development programs, organizational polices, routines, procedures, reports, and manuals have 

served this function for years [11].   For example, the McDonald’s restaurant corporation’s 

operating manual captures almost every aspect of restaurant management including cooking, 

nutrition, hygiene, marketing, and accounting.  By capturing, codifying, and disseminating this 

knowledge the company seeks to reduce variability in restaurant managers’ know-how toward 

the goal of improving the effectiveness and efficiency of its operations [191]. 

A more global example is the Semantic Web movement led by the World Wide Web 

Consortium, a proposed system that enables machines to “understand” and respond to complex 

human requests based on their meaning.  This requires relevant information to be semantically 

structured.  Although the feasibility of this endeavor has been questioned, applications in 

industry and biology have already proven the validity of the concept [192].  Ontologies are an 

integral part of the Semantic Web because they structure information, provide a common 

vocabulary, and intertwine machine-processed data and human understanding, which gives the 

structure needed by software to interpret data and information on the Web [193]. According to 

the World Wide Consortium (W3C), the Semantic Web will provide explicit meaning of 

information and as a result, will enhance the ability of machines to automatically process and 

integrate information available on the Web [194]. 
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6.1.2. Knowledge Management in the Public Sector 

In the public sector, knowledge management has been a key component of the e-Government 

initiative since 2002 [195].  The primary goal of this initiative is to use digital technologies to 

improve the effectiveness, efficiency, and service delivery of government institutions [135]. 

Considerable research has been conducted to determine the impact of knowledge management 

practices and organizational barriers during the lead-up to 9/11 and other major disasters such as 

hurricane Katrina.   Issues that have made knowledge management in the public sector difficult 

include the number and complexity of government organizations, the lack of profit motive 

leading to a lack of urgency, and the limited ability to hire and fire workers.  These issues are 

present in the PH system as well as other issues such as an aging workforce, competing 

priorities, and lack of a technology focus [117].  With the rise of computers and high-throughput 

data collection, ontologies have become essential to data mining and sharing across communities 

in the biomedical sciences.  Public health is included in this community of increased data 

generation and access, but is lacking in the tools to leverage it [196].   
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6.2. The General Knowledge Model as a Guide for Knowledge Management in Public Health Law 

This study touched on all four processes found in the general knowledge model (Figure 6.1).   

 

Figure 6.1. The general knowledge model as described by Newman shown with the associated 

processes, results, and potential uses of the PH Law Ontology created in this study. 

6.2.1. Knowledge Creation 

Knowledge creation is the first process of the General Knowledge Model.  It represents the set of 

activities associated with the entry of new knowledge into a system and includes knowledge 

development, discovery, and capture.  In this study broad knowledge applicable to the domain of 

PH law in general was discovered when the resources, workflows and barriers of using PH law 

in practice and research were elucidated during the expert interviews.  Domain specific 

knowledge was captured when terms were extracted from the emergency preparedness and 

fluoridation law corpora and formalized into concepts by a panel of PH law experts.  This step 

was critical in resolving and mapping the knowledge contained within the laws.  Using only 

natural language processing (NLP) to construct an ontology lacks necessary formal rigor and 
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scientific accuracy [156].  NLP tools are currently well-suited for rapid updating of ontologies 

when new knowledge is generated in the scientific community but are not yet capable of being 

the only tool used for the creation of ontologies.  The expert panel discarded 116 concepts and 

801 relations by identifying synonyms, non-useful terms, and inaccuracies in the NLP.  This re-

enforces the importance of expert review of terminologies, as automated extraction techniques 

would likely include superfluous terms.   

Although of a smaller size, the fluoridation corpus is a comprehensive national collection of 

community water fluoridation law.  The fact that only 193 PH law concepts (12%) were 

extracted from the community water fluoridation corpus indicates that the fluoridation domain is 

more specific in its application than the emergency preparedness domain.  The range of inter-

rater reliability between emergency preparedness terms and community water fluoridation terms, 

0.62 and 0.52 respectively, indicates the difficulty even domain experts have when coming to 

consensus.  The average inter-rater reliability in both concept categories increased when only 

those experts with expertise specific to each law domain were considered: 0.52 to 0.59 for water 

fluoridation law and 0.62 to 0.66 for emergency preparedness law.  This suggests PH domain 

concepts should be evaluated by PH experts specific to that domain as opposed to experts with 

general PH knowledge. This is further demonstrated by the fact that there was only a 3% overlap 

in concepts extracted from the two domains.  Although there is little overlap between the 

domains, this ontology demonstrates that infrastructural laws that are more broad in their 

application and more general in their intent such as emergency preparedness laws and 

interventional laws whose application is more specific such as community water supply 

fluoridation laws can be both be modeled by a PH law ontology. 
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6.2.2. Knowledge Retention 

Knowledge retention is the second process of the General Knowledge Model.  It is the set of 

activities that store, preserve, and maintain knowledge.  Currently the majority of PH law exists 

as plain text.  Information and knowledge stored as plain text requires additional labor to utilize 

because it must be manually reviewed, assimilated, and associated with each other and with other 

data sets.  By storing knowledge in an ontology, it is more readily accessible by both humans and 

software.  The knowledge capture steps used to create a standard set of concepts and 

relationships must only occur once.  Once these concepts and relationships have been reviewed 

and formalized, they are available for use by a wide audience of researchers and practitioners and 

must only be maintained.  An ontology simplifies knowledge maintenance by centralizing 

conceptual definitions and relationships in a single source as opposed to spread among many 

pages of legal text. 

6.2.3. Knowledge Utilization and Transfer 

Knowledge utilization and transfer are the third and fourth processes of the General Knowledge 

Model.  They represent the communication, conversion, and applications of knowledge.  The 

applications of this ontology were assessed during the evaluation components of the study.  In 

the information retrieval evaluations, the length of time needed to collect a set of laws in 10 

evaluation scenarios using concept based searching was decreased on average by 19% when 

compared to an existing database.  Information retrieval is an important application as indicated 

by subjects in Aim I.  Currently laws are scattered among many different datasets and databases 

with no unified interface for querying.  This ontology could help address this problem by 

connecting these disparate data sources through a unified information retrieval model.   
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The methods used by the depth and breadth evaluations are similar to the methods that would be 

used for annotating, aggregating, and indexing documents using NLP tools such as MetaMap for 

the UMLS [170].  Annotation, aggregation, or indexing of documents require an ontology or 

controlled terminology to understand the semantic content of a document or dataset.  This means 

the breadth and depth scores can be used to assess how well the ontology would perform in those 

applications.  The breadth and depth of the PH law ontology when applied to the test corpus were 

approximately an order of magnitude less than the average breadth and depth of the medical 

ontologies when applied to the medicine corpus.  The breadth and depth of the medical 

ontologies were in turn approximately an order of magnitude less than the “gold-standard” 

thesaurus.  This indicates further development is needed to encapsulate the emergency 

preparedness and fluoridation domains as well as the medical ontologies currently encapsulate 

the biomedical domain.  Although the breadth and depth taken together indicate need for 

improvement, the PH law ontology had a better depth score than breadth score (83% lower depth 

vs 97% lower breadth) as applied to the PH law test corpus when compared to the medical 

ontologies as applied to the medicine corpus.  This shows that the PH law ontology contains 

more of the frequent or important concepts in the test corpus, but less of the total range of 

concepts when comparing to the medical ontologies’ coverage of the medicine corpus. 

6.3. Implications of a Public Health Law Ontology 

6.3.1. Implications for Public Health Practitioners 

There is a nationally recognized need for modernizing PH law at all levels especially to respond 

to new threats such as emerging diseases and bioterrorism [197, 198].  Considerable scholarly 

effort has been expended to measure and compare the effectiveness of PH law, debate the 
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constitutional limits of PH law, and create model PH laws for adoption by legislatures [9, 45, 59, 

199].  The scope of prior research has not included formative systematic work to assess and 

organize PH law in a computable form that facilitates access by practitioners, researchers, and 

policy-makers. This ontology defines concepts and formalizes relationships between concepts in 

this domain.  It is a foundational contribution to knowledge management in public health.   

Identifying information needs of PH practitioners is a necessary step system design [200].  By 

interviewing practitioners we aim to increase the likelihood of future adoption in the practice 

community.  Practitioners in smaller practices cited lack of legal expertise on site and a lack of 

access to expensive subscription based services such as LexisNexis.  These resource gaps 

indicate the need for new freely available technological resources in the PH law domain.  It is 

unlikely with current funding gaps in state budgets that additional expertise or resources will be 

dedicated towards these gaps[201].  

6.3.2. Implications for Public Health Researchers 

Because law is an important component of the PH system, much of the research in PH involves 

laws and policies.  Public health systems and services research (PHSSR) studies the 

organization, financing, and delivery of PH services within communities and the impact of those 

services on the health of the public, including the role of law. The methodological approach used 

in this research requires conceptual identification of the health issue and understanding of the 

jurisdictional and temporal complexity (Section 3.3.1) and yet legal and health concepts are not 

consistently defined nor are the relationships between concepts formally established.  This can 

result in different researchers studying the same problem but defining the terms and concepts 

used differently leading to incomparable results.  
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This ontology contributes to standardization in PH law research by providing a framework that 

will allow development of consistent datasets on law questions.  As opposed to creating datasets 

only for specific study the knowledge in an ontology is intended to be applied across different 

database applications and datasets, research projects, and researchers.  Ontologies can be applied 

to existing and future databases to define a common vocabulary and for database annotation.  

Datasets developed with consistently defined terms and formal concept relationships can be 

reused by others to replicate and validate findings.  This ontology contains standardized concepts 

which can reduce errors confusion when researching across PH domains or between 

jurisdictions. For example a potential application of this ontology is an associative study between 

emergency preparedness law and PH system performance.  Terms from the National PH 

Performance Standards [202], documentation used in the national PH accreditation process [27], 

and from standard surveys conducted by the Association of State and Territorial Health Officials 

and the National Association of County and City Health Officials [143] could be incorporated 

into this ontology to map between qualities of emergency preparedness law and jurisdictional 

performance.  This would allow laws and performance metrics to be associated conceptually, 

increasing the potential scope of research questions and reducing time and effort to develop the 

data needed for such studies. 

Another specific application of this PH law ontology is streamlining information retrieval. 

Concept-based searching, as demonstrated by the evaluation, offers advantages over traditional 

keyword-based searching, such as term explosion (broadening a search based on child/parent 

concepts) and automatic synonym searching.  This could be implemented in legal databases 

similar to how Medical Subject Headings (MeSH) are applied to searches in Pubmed.   
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6.3.3. Implications for the Informatics Community 

The past two decades have seen tremendous growth in field of computational knowledge 

management.  Many controlled terminologies and ontologies have been developed to address 

knowledge management issues specific to the biomedical domain [203].  Of interest in this study 

is how well these ontologies, specifically UMLS, perform in areas that are at the edges of the 

biomedical domain such as PH law.  Only 61% of the concepts in the PH law ontology had 

matching concepts in UMLS which demonstrates that UMLS is not adequate for managing PH 

law knowledge (specifically emergency preparedness and fluoridation knowledge) even though it 

is the premiere collections of terminologies in the biomedical domain.  This finding reinforces 

the need for this PH law ontology and for further development of ontologies in other health 

related domains beyond the clinical. The degrees of overlap between the semantic types in the 

PH law ontology and the UMLS also suggest important areas of need for conceptual expansion 

of UMLS, particularly in emergency events and organization types. 

This study contributes to the area of meta-data standards by providing useful meta-data for 

organizing and retrieving PH laws.  The most common definition of meta-data is structured data 

about an object [204].  Structure in meta-data allows information to be organized systematically.  

Another term used to describe this phenomenon is a domain schema.  This ontology might 

simply be considered a collection of laws that are tagged with concepts.  However, those 

concepts exist in a hierarchy within the ontology.  The concept hierarchy may be used to 

construct a hierarchy of law beyond the basic chapter/division/section identifier hierarchy that 

already exists.  Such a hierarchy would have the advantage of being derived from the conceptual 

content of the law instead of the forced hierarchy derived by lawmakers.  This could allow for 
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new avenues of organizing laws for study or retrieval by using the ontology to achieve different 

conceptual views of the data.  Medical Subject Heading (MeSH) terms already provide a domain 

schema for biomedical literature and are used to perform information searches in Pubmed [205].  

MeSH terms have been used in other studies including assessing interest in particular fields of 

study over time, and evaluating automated categorization of documents using NLP [206].  This 

PH Law Ontology supplies a preliminary set of meta-data standards for PH laws just as MeSH 

terms and other biomedical ontologies provide meta-data standards for the clinical domain. 

This study is a demonstration of the data-driven approach to ontology development.  Many 

existing ontologies were initially created using a top-down expert-driven approach where groups 

of domain experts would convene and decide on which concepts were suitable to include and 

what the structure of the ontology would be.  Examples of ontologies that used this approach 

include SNOMED-CT [111], ICD [207], and the Gene Ontology [67].  This PH Law Ontology 

used a bottom-up quasi-data-driven approach where concepts and the ontological structure were 

extracted from a set of data within the domain that the ontology will describe and then vetted 

using domain experts.  The data-driven approach has several advantages.  First this approach can 

be deployed using fewer resources and less time than the expert-driven approach.  By using 

computational methods to extract data the expense of convening large groups and the amount of 

time required for deliberations can be reduced.  Another advantage is that this approach does not 

rely on expert opinion which can vary widely even within domains.  Instead of expert opinion 

the data-driven approach relies on the data to reveal the appropriate concepts and relationships.  

This can result in a better fit to the data.  Disadvantages of the data-driven approach include the 

requirement of large amounts of data from which to extract concepts and relationships, the 
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possibility of over-fitting to the data set used at the expense of the domain, and the lack of 

domain context – experts generally have knowledge on what is important within a domain which 

can be difficult for automated processes to discern.  This study used a quasi-data-driven 

approach by using NLP techniques to extract concepts and relationships, and then using expert 

panels to review those extracted concepts for accuracy and suitability.  This combination 

approach has the advantages of both methods.  

This study also demonstrated potential difficulties in the extraction and modeling of knowledge 

in the legal domain.  One difficulty is the need to model many different topical domains in a 

single ontology.  For example in this ontology, disease concepts were semantically modeled as 

events because in an emergency preparedness context disease terms were often referring to 

outbreaks.  This led to incorrect classification of fluoridation disease terms.  For example in the 

community water fluoridation context fluorosis is a condition or disease, not an event.  Another 

difficulty is that many extracted semantic relations are not universally applicable.  For example 

in some states a local elected official manages any disaster response while in others the head of 

the disaster response team manages the response.  These relationships would have to be modeled 

at the instance level. 

In 1998 Cimino published his revised list of twelve desiderata that vocabularies, taxonomies, and 

ontologies should adhere to when attempting to maintain acceptable design characteristics [208]. 

The ontology developed here was constructed with consideration of six of these desiderata.  It is 

concept-oriented meaning the basic unit of symbolic knowledge is the concept and each concept 

has a single coherent meaning.  Its concepts are considered permanent and will not change or be 

deleted from the ontology.  It allows poly-hierarchy where a single concept can be placed in 
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more than one linear hierarchy if appropriate.  For example a firefighter is part of a fire 

department but also falls under the class emergency-responder.  The ontology uses non-semantic 

concept identifiers which themselves are non-hierarchical.   This allows for later concept 

relocation and for multiple classification.  The ontology does not contain ‘not elsewhere 

classified’, ‘unspecified’, or ‘other’ concepts which can change meaning over time as new 

concepts are added.  The ontology contains multiple granularities such as emergency which has 

the child class disaster which has the children natural disaster or man-made disaster which has 

the children accident and terrorism, etc.   

The remaining six desiderata will be addressed in future work.  This ontology does not contain 

formal definitions of concepts using semantic relationships such as firefighter = part of fire 

department and extinguishes fires.  Formal definitions would require the addition of many more 

semantic relationships such as extinguishes.  This ontology does not address multiple consistent 

views where different levels of expressivity might be presented to different users.  An example 

would be a practitioner needing to know the exact level of fluoride the water in a jurisdiction is 

treated with while a researcher only needs to know if the water is treated with fluoride.  This 

ontology does not represent the context of its concepts such as whether a concept is used to 

define another concept, or modify another concept.  Context representation was not addressed 

because currently concepts cannot be combined or used to define each other.  This ontology does 

not recognize redundancy which is the detection of whether information can be expressed in 

different ways because this requires logical statements which are not yet implemented.  Finally 

this ontology does not address the idea of evolving gracefully and domain completeness because 

this ontology is a prototype and first iteration. 
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6.3.4. Implications for Population Health 

With the rise of computers and high-throughput data collection, ontologies have become 

essential to data mining and sharing across communities in the biomedical sciences.  Without 

ontologies it is difficult for population health researchers to take advantage of big data sets [209].  

In the field of information technology this is known as the ‘big data’ problem where data sets are 

growing beyond the ability of commonly used software tools and techniques to capture, manage, 

and process the data [210].  The SAS Center for Health Analytics has estimated that the current 

size of health care data sets in the US is 150 exabytes (10
18

 bytes) and is increasing at a rate of 

between 1 and 2 exabytes a year [211].  If this ‘big data’ could be properly managed, analyzed, 

and shared in not only the clinical domain but the public health system as well, we could realize 

improved population health and potentially remove $200 to $300 billion in health system cost 

inefficiencies [212].  Comparative effectiveness research of PH law is a growing field and one of 

the methods that can help achieve these goals.  Laws by their nature have forceful and wide 

ranging impacts.  They are an important tool in public health.  The PH Law Ontology is one of 

the tools necessary to leverage these ‘big data’ sets by correlating them with differences in policy 

and laws and comparing legal effectiveness for direct population level health impacts. 

6.4. How the Ontology Addresses Workflow Barriers in the Use of Public Health Law 

In the interviews conducted during Aim 1, both PH law practitioners and researchers indicated 

five major workflow barriers.  The barriers are the complexity of the legal landscape, lack of 

trust in data sets, lack of consistent terminologies, resource cost, and lack of institutional 

memory.  Adequate knowledge management could address all of these barriers.  This PH law 
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ontology adequately addresses three of the barriers: lack of consistent terminologies, complex 

legal landscape, and resource cost, and could be expanded to address all of the barriers.   

This ontology addresses the lack of a terminology in PH law.  In the absence of an ontology the 

researchers and practitioners that were the subjects of Aim I expressed frustration with the 

manual review process that was necessary when performing any search and/or analysis of PH 

laws and legal documents.  This ontology has been shown to reduce the time needed for 

information retrieval of laws through the incorporation of term explosion (child concepts and 

synonyms) when searching, concept-based searching, and the ability to have a partial 

understanding of the semantic context of a law without reading the full text.  Standardization of 

concepts also allows for more comparative research through the mapping of concepts or terms 

between studies. 

This ontology addresses the problem of complexity in laws that are multi-layered with 

interactions between each other and interactions between jurisdictions.  The semantic 

relationships of the ontology allow for interactions between laws to be discretely represented.  

For example this ontology delineates the functional relationship between laws describing 

insurance coverage requirements and laws describing payment disbursement schedules following 

a disaster even though these laws appear in different chapters and it is not readily apparent that 

they are related.  This enables researchers and practitioners to have a better understanding of the 

interactions between laws and the legal context of situations. 

The ontology is intended as open and freely available ontology to address the problem of 

resource cost.  Many of the current solutions to managing PH law data and knowledge such as 
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subscriptions to Westlaw or LexisNexis are often unaffordable, particularly to practitioners.  

Although in its current state the ontology cannot match the full capabilities of those subscription 

based services, it can be expanded upon in the future. 

Barriers that could be addressed with future work include addressing the lack of trust in data sets, 

a lack of institutional memory, and temporal complexity.  The lack of trust in data sets has 

resulted from the difficulty of maintaining any topically specific set of laws and the resulting 

large amount of out-of-date legal datasets on the internet.  Compilation of these data sets is 

popular with researchers because of the complexity of the legal landscape and the difficulty in 

information retrieval.  An ontology could help address this issue with the incorporating of meta-

data to track the currency of all law instances in the ontology.  By adding the date and times of 

different events such as the date the law was collected, adoption date of the law, effective date of 

the law, date updated, date repealed, etc. this temporal complexity could be addressed and 

knowledge of the currency of data sets could be derived. 

Lack of institutional memory primarily affects PH practice where laws are developed, updated, 

repealed, and modified by a local or state health department or other government agency.  Often 

the discussions and reasoning behind the decisions made in the process are lost or forgotten 

when individuals leave or retire.  This ontology could be expanded to allow for historical meta-

data related to the development of a law to be associated with that law.  With the future 

incorporation of formal logic into the ontology, a kind of simulation could be created where the 

impacts of enacting laws in one area on other areas can be determined.  For example adding 

additional inspection requirements of emergency systems may increase burden on officials 

prohibitively depending on the population size of the jurisdiction. 
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6.5. Limitations 

There are several limitations of the study that must be considered.  First the ontology is a 

prototype limited to two domains of PH law: emergency preparedness and community water 

fluoridation.  This is within the scope of this study but limits the generalizability of these 

findings to other areas of PH law and law in general.  Because only legislation was used as a data 

source, it also limits the generalizability to other type of law such as case law. 

Second the data sets and legal corpora used to create this ontology, while comprehensive, may 

not be complete.  This could result in missing important concepts and relations if the ontology is 

expanded to other jurisdictions or domains. 

Third the views and requirements of policy-makers were not addressed.  This study only focused 

on researchers and practitioners.  Policy-makers may have unique requirements that were not 

considered, such as enhanced logic to assess impacts on the legal system of enacting laws, 

repealing laws, modifying laws, or predicting legal challenges or the outcome of court cases.   

Fourth the scope of this study was limited by lack of resources for compensation of professional 

subjects.  Additional subjects for Aim I would allow for identification of workflows, resources, 

and barriers at health departments of smaller sizes compared to the medium and large size 

departments characterized in this study.  In Aim II additional subjects would have increased the 

number of concepts, semantic types, and relationships that could have been evaluated.  

Additional subjects for study 1 in Aim III would allow for separation of subjects into test and 

control groups, and further replications of the timed, precision, and recall tests with a large 

enough sample size that statistical significance of the differences can be established.  
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Finally advanced functionality of ontologies such as incorporation of formal logic were not 

studied and are a topic for future work. 

6.6. Future Work 

A key area of expansion for this study is additional infrastructure for knowledge management.  

Enhanced infrastructure similar to NLM’s BioPortal would allow community-driven 

development and expert crowd-sourcing for ontology expansion.  BioPortal  is an open 

repository of ontologies that stores them in various formats, provides for automatic updates, and 

provides access through web browsers and web services [213].  It also allows users to add 

reviews of ontologies, comment on ontologies, and make suggestions to ontology developers.  

Crowd-sourcing has been shown to be an effective method of accomplishing goals, and if limited 

and controlled to allow knowledgeable experts only, could be an effective way to expand the 

ontology [214, 215].   

As Cimino’s desiderata states, “Content, content, content” is one of the most important aspects 

of any ontology [208].  Considering the breadth and depth of this ontology are approximately an 

order of magnitude behind current medical ontologies, more concepts are necessary to further 

describe the domains of emergency preparedness and fluoridation before other domains of PH 

law are considered.  Future work should also include the addition of attributes to existing 

concepts, the expansion of semantic types and types of semantic relations, and the addition of 

logic models to allow for knowledge discovery using logical queries.   

Expansion of the ontology to other PH domains is another area of potential future work (e.g. 

laws related to injury prevention, hospital acquired infections, quarantine, etc.).  Existing data 
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sets of PH laws could be incorporated into the ontology to expand the usefulness and scope.  

Incorporating new domains would require panels of experts with specific domain knowledge to 

review concept lists and develop concept maps.   

The number and granularity of semantic types can be expanded.  Because this ontology is a 

prototype and was limited in scope, it contains only nine semantic types compared to over 100 

within UMLS.  An entire study could be dedicated to expanding the quantity and granularity of 

semantic types and relations in the PH law domain.  By expanding the semantic types this 

ontology could be considered for incorporation into UMLS.  This would be beneficial as we 

demonstrated that UMLS lacks a large portion of the concepts contained in this ontology, while 

being part of UMLS would give this ontology additional legitimacy and authority. 

Future work should also include addition of logic to the ontology.  This would require translation 

of this ontology into the Web Ontology Language (OWL) format which supports formal logical 

statements [216].  OWL is a family of next generation knowledge representation languages for 

authoring ontologies that include formal semantics and enhancements for the semantic web.  The 

addition of logic models would allow for more complex knowledge generation from logical 

questions; for example the question “What laws were passed before 2001 that related to local 

jurisdictional response to bio-terrorism?” could be understood by an application with support 

from the ontological logic model.  Finally the scope of this ontology should be expanded to 

policy-makers who would provide a unique point of view in comparison to practitioners and 

researchers.  This ontology could be useful to policy-makers who are enacting new laws by 

allowing them to compare and contrast between other jurisdictions or borrow legal language.  
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Additional methods of evaluation should be conducted after further ontology development.  

These include expanding the methods that were used in this study by recruiting a larger sample 

and comparing against additional ontologies, an expert review evaluation where a panel of 

experts reviews a set of laws tagged with concepts using the ontology to determine missing 

concepts and if the most important parts of the laws are covered, and a workplace evaluation 

where the ontology is used to enhance information retrieval in real world practice and research 

based settings. 

6.7. Conclusions 

Knowledge is key to the activity in any endeavor, including protecting the public’s health.  

Knowledge management allows us to improve the development, discovery, communication, 

translation, conversion, maintenance, and application of this knowledge.  Public health law in 

particular currently lacks a knowledge management solution.  This ontology is a first step toward 

developing a shared understanding of the conceptual content and relationships of PH law.  It lays 

a foundation for a conceptual model of PH law that can better represent the domain and allow for 

enhanced information retrieval, data annotation and integration, semantic interoperability, and 

reasoning.  This necessary formative work will improve PH law research and practice.  
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Appendix B.  Aim I Key-informant Interview Guide and Problem-solving Scenarios 

Key-informant Interview Guide 

1. What is your current position? 

 

2. How many years have you researched/used law in a public health context? 

 

a. Background information of their work (past job titles, short descriptions) 

 

b. Degrees (medical vs. legal) 

 

c. Jobs (medical vs. legal) 

 

3. What source of legal counsel does your LHD use? 

a. Own staff? State attorney general? State health agency legal staff? Local 

government legal staff? Outside contractors? 

 

4. How do you use public health law in your work?  What services do you provide? (I will 

be prompting you) 

 

i. Counsel advice on legality of laws, regulations, enforcement? Example 

 

ii. Counsel provides opinions on laws, regulations, enforcement in possible 

litigation? Example 

 

iii. Drafting new laws, regulations, enforcement policies? Example 

 

iv. Counsel represents organization in all legal matters? Example 

 

v. Determine which entities to litigate or prosecute for violation of 

regulations? Example 

 

vi. In house research?  Collaborative research? Example 

 

vii. Support a change in policy or considering a new policy - Example 

 

viii. Different jurisdictions (county vs localities) work together or separately? 

Example 

 

b. Is the information an answer to a specific question or a general area of public 

health, e.g. broad or narrow search?   

 

c. What types of law do you normally work with? (prompt) 
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i. Constitutional, Regulatory, Agency, Federal, State, Ordinances, Policies?  

 

ii. Interventional, infrastructural, incidental? 

 

d. What specific information do you normally seek? 

 

i. Court opinions, scientific data, expert advice, evaluation impact, model 

policies, other policies/law inside or outside your jurisdiction, literature on 

the subject? 

 

1. What informational source is most useful (which one do you go to 

first)?  

 

5. What is your normal workflow when working with PH law? 

 

a. Events that initiate the search, i.e. public need, agency agenda, updating existing 

policies?  Who initiates the request, e.g. head of agency, media attention, 

community need?  

 

b. What is an example workflow from one of your past projects? 

 

i. What data sources do you use? e.g. literature sources, legal sources e.g. 

Private: Westlaw/LexisNexis/LouisLaw or Public: Google Scholar/Law 

Libraries?  

 

1. Rank the sources 

 

2. Are you satisfied with them? 

 

a. What function of the site do you use the most/first or least?  

 

3. Do you experience any challenges or difficulties? 

 

a. Time consuming, vague, to specific information? 

 

4. What information do you obtain? 

 

a. What information is the most difficult to obtain, to 

understand, to analyze?  

 

ii. How do you refine your search?  

 

1. Definitions, subject matter, jurisdictions, related field, source?  
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iii. What information/knowledge sources do you use? e.g. podcasts, blogs, 

organizations? 

 

1. Are you satisfied with them? 

 

a. What function of the site do you use the most or first?  

 

2. Do you experience any challenges or difficulties? 

 

a. Time consuming, vague, or to specific information? 

 

3. What information do you obtain? 

 

a. What information is the most difficult to obtain?  

 

iv. Are there any barriers to acquiring knowledge? 

 

1. Geographic/jurisdictional 

 

c. How do you analyze the data or information you obtained? 

 

i. What is the end product of the research, e.g. legal (brief, memo), 

published article, new policy/law? 

 

ii. What type of audience is the final product directed towards, e.g. general 

public, legislature, department/agency, changing opinions of a specific 

population?  

 

d. Do you collaborate with other people when working with public health law? (if 

the collaboration is a team effort, how is the project divided, what type of project 

is a collaboration and why? ) 

 

i. Do you experience any challenges or difficulties in your collaborations? 

 

ii. Do you make concessions in the collaboration (if a policy effort), i.e. 

grandfather clauses, liability protections, extending dates of compliance, 

opt-out clauses?  

 

e. Do you enlist outside expertise to help you with your research? 

 

i. Legal experts?  

 

ii. Organizations? 
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iii. Other experts? 

 

f. Have you or your department developed any electronic data sources or 

codebooks? 

 

i. If not, what are the obstacles in making existing sources electronically 

available?  

 

 

Practitioner Problem-solving Scenarios 

When thinking about these scenarios consider 

 What would be my first step? 

 What information would I look for? 

 What resources would I use? 

 Who would I contact? 

 

1. You notice that there is a higher HIV infection rate in your county due to intravenous 

drug use than in other counties.  You decide to check for compliance in your county with 

laws governing the dispensing of sterile injection equipment. 

2. You have been tasked to ensure that your health department is in compliance with new 

regulations governing inter-agency cooperation during an emergency. 

3. You work on environmental regulation enforcement and want to update yourself on what 

the current set of federal, state, and local regulations are for your area 

Researcher Problem-solving Scenarios 

When thinking about these scenarios consider 

 What would be my first step? 

 What information would I look for? 

 What resources would I use? 

 Who would I contact? 

 

1. You are performing a 50 state study to assess the impact that taxes on tobacco products 

have on lung cancer 

2. You are quantifying the effect of compliance and enforcement on drunk driving deaths in 

all 50 states 

3. You are studying the effect of zoning regulations on public health in all of the localities 

in your state 
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Appendix D.  Scenarios for Aim III Evaluation Study 1 
 

Timed scenarios 

Scenario 1 What are the laws concerning death benefits in Florida, Texas, and Pennsylvania? 

Scenario 2 
What are the laws concerning a radiological incident in California, Maryland, and 

Texas? 

Scenario 3 
What are the laws concerning health screenings in Wisconsin, Alaska, and 

Pennsylvania? 

Scenario 4 
What are the laws concerning tribal jurisdictions in Alaska, California, and 

Wisconsin? 

Scenario 5 
What are the laws concerning animal disease outbreaks in Wisconsin, Texas, and 

Alaska? 

Precision and Recall scenarios 

Scenario 6 
In which states are petroleum products specifically designated as hazardous 

substances? 

Scenario 7 What is the set of laws that describe inter-jurisdictional cooperation? 

Scenario 8 What is the set of laws that refer to portable electric generators? 

Scenario 9 Which states have laws that describe monetary disaster relief? 

Scenario 10 Which states have laws that describe hurricane evacuation plans? 
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